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Preface

Successful interaction with products, tools and technologies depends on usable
designs and accommodating the needs of potential users without requiring costly
training. In this context, this book is concerned with emerging ergonomics in design
concepts, theories and applications of human factors knowledge focusing on the
discovery, design and understanding of human interaction and usability issues with
products and systems for their improvement.

This book will be of special value to a large variety of professionals, researchers
and students in the broad field of human modeling and performance who are
interested in feedback of devices’ interfaces (visual and haptic), virtual reality,
user-centered design, design for special populations, particularly the elderly and
assistive technology. We hope this book is informative, but even more that it is
thought provoking. We hope it inspires, leading the reader to contemplate other
questions, applications and potential solutions in creating good designs for all.

The book is organized into seven sections focusing on the following subject
matters: design methods, user interfaces and interaction design, information,
design and visualization virtual reality and digital environments in design, cultural
aspects in design and city planning

In the sections that cover design methods, user interfaces and interaction design,
the focus goes to the limits and capabilities. Generally, the effect of changes in force
and kinematics, physiology, cognitive performance, design of consumer products,
tools and workplaces is discussed. The sections that cover virtual reality and digital
environment, product and design evaluation and sustainable design employ a
variety of research methods and user-centered evaluation approaches, for
developing products that can improve safety and human performance and at the
same time the efficiency of the system. Usability evaluations are reported for dif-
ferent kinds of products and technologies.

Section 1  Design methods, user interfaces and interaction design
Section 2 Design and user involvement

Section 3 Information, design and visualization

Section 4 Virtual reality

vii



viii Preface

Section 5  Product and system design
Section 6  Cultural aspects in design and city planning
Section 7 Design applications

This book will be of special value to a large variety of professionals, researchers
and students in the broad field of human performance who are interested in feed-
back of devices’ interfaces (visual and haptic), user-centered design and design for
special populations, particularly the elderly. We hope this book is informative, but
even more that it is thought provoking. We hope it inspires, leading the reader to
contemplate other questions, applications and potential solutions in creating good
designs for all.

We would like to thank Editorial Board Members for their contributions.
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The Role of Design in Technology Driven
Ergonomics Product Development

Byungsoo Kim and Sharon Joines ™9
NC State University, 50 Pullen Road, Raleigh, NC 27695, USA
{bkiml8, sharon_joines}@ncsu. edu

Abstract. Human Factors and Ergonomics (HFE) have been considered in
New Product Development (NPD) to develop solutions that are useable and
useful while maintaining productivity. The importance of technology and design
has increased at the intersection between NPD and HFE. Developing a new
product driven by technology is known as a technology driven approach which
can be infused into existing ergonomic product development processes and may
result in the development of effective, new and innovative products. The pur-
pose of this study is to instigate design methods and tools that can be applicable
to the technology driven NPD process. The literature regarding existing design
methods and tools used and potentially utilized in technology driven NPD
process has been reviewed in this study. Also, the role of HFE experts in a
technology driven NPD process is addressed in the discussion section. In
addition, when to use the design methods and tools found in the literature in the
front end of the technology driven NPD process is suggested in this paper to
help develop new and innovative products.

Keywords: New product development + Design thinking methods -
Design thinking tools - Technology-driven approach - Innovation -
Ergonomic products

1 Introduction

Human Factors and Ergonomics (HFE) are traditionally considered in New Product
Development (NPD) to anticipate users’ activities in order to develop solutions that are
useable and useful while maintaining productivity [1]. For instance, ergonomics has been
closely related to a User-Centered Design process (UCD) [2] while the UCD approach
has been helping to develop new products that have high customer value [3—6]. At the
intersection between NPD and HFE, the importance of technology and design has
increased [7]. For instance, new or emerging technologies, such as using wearable
computer system for users, opened the possibility of improving users’ work postures [8].
In addition, adopting advanced technology helped reducing the perceived physical
workload in bricklaying [9]. Also, the decreases in the cost of technologies enable the
design and development of affordable, ergonomic consumer products such as height
adjustable desks. Developing a new product driven by technology is called technology
driven approach [6]. Since the technology driven approach is associated with developing
discontinuous (innovative) products [10], a technology driven approach infused into

© Springer Nature Switzerland AG 2020
F. Rebelo and M. M. Soares (Eds.): AHFE 2019, AISC 955, pp. 3-14, 2020.
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product development processes coupled with ergonomics may result in the development
of effective, new and innovative products.

The technology development process and the application of technology in NPD are
two different concept [11]. While technology development focuses on developing state
of the art technology, the application of technology into the NPD process focuses on
developing a competitive and innovative product [11]. The transition from technology
to product development is known as technology transfer which happens at the front end
of the NPD process [11]. Since innovation grows from technology and related tech-
nological research that forms the basis of product evolution [12], successful technology
transfer would help developing competitive and innovative products. Since design
thinking plays an important role during the early phase of NPD [7], design thinking
may be able to aid in technology transfer. While there are many methods and tools to
support the customer driven approach to NPD [6], there are relatively few studies
regarding methods and tools to support the technology driven NPD process and to aid
technology transfer.

The purpose of this study is to investigate design methods and tools that may be
applicable to the technology driven NPD process. This paper includes a review of
literature across three areas: studies using established design methods and tools; studies
documenting the development of methods and tools; and studies documenting the
evaluation of methods and tools (in the NPD process or an educational setting). Finally,
this paper suggests possible design methods and tools for the technology driven NPD
process to help develop new and innovative ergonomic products.

2 Methodology

A systematic literature review [13] was conducted to answer the following research
questions: (1) what is the role of design in technology driven NPD? and (2) what are
the existing the design methods and tools used at the front end of technology-driven
NPD process?

To find the literature that is relative, recent, and valid, the inclusion criteria was set
prior to conducting the search (see Table 1).

Table 1. Criteria for literature inclusion

Type Inclusion criteria

Topic Literature must relate directly to one of the research questions

Recency Literature should have been published between 1998 to 2019

Study target Literature should relate to higher educational settings (university
students) or in practice (professional designers and other experts (e.g.
engineers) involved in technology driven NPD process)

(continued)
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Table 1. (continued)

Type Inclusion criteria

Research base

or
— Case study

— Literature review
Transparency

Literature must be based on:
» Empirical research (findings based on actual experience, either
qualitative or quantitative) about the existing methods and tools

— Theoretical research

* Suggestions of methods and tools including:

The study methodology should be well defined (e.g. procedure, sample
sizes, instruments, and analysis)

Reliability/validity | The findings from the literature must be valid and reliable (e.g. the

finding and conclusion should be based on the results of the study,
cases, and/or other related literature)

Initially online databases were used to find relevant literature in key journals related
to design, technology, education. A second phase of the literature review consisted of
reviewing the initial articles references, author searches based on the initial journals’
author list, and informal searching of internet by topic. The second phase revealed
additional related journal articles, conference proceedings and book chapters. The types
of literature and sources searched are summarized in Table 2 while search terms are

presented in Table 3.

Table 2. Types of literature and sources searched.

Type of literature

Source searched or search tool

Key journal articles

Additional journal articles, conference
proceedings, and book chapters

Online databases:

* Web of Science

* Science Direct

Scanning the contents of key journals:

» Ergonomics

* Design studies

* International Journal of Technology and
Design Education

* Design and Technology Education

* International Journal of Design

* Thinking Skills and Creativity

* Google Scholar

* Google

* Researchgate
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Table 3. Search terms

Terms

Included Technology driven new product development design; technology forces;
technology centric; technology transfer; technology; technology adoption; design
process; user centered design; customer experience; tools; methods; higher
education; capstone; creativity; innovation skills; innovation; product innovation;
breakthrough innovation; radical innovations; front-end innovation; technology
integration; inspiration tool; project based curriculum; brainstorming; fuzzy front
end; engineering; engineers; new product development; capstone; innovation
skills

Excluded Children; middle school; primary school; elementary school; high school;
educational technology; technology education; mathematics; driver

3 Findings

Approximately a thousand journal articles between 1998-2019 were found using the
aforementioned search terms. After reviewing the ~ 1000 journal papers based on the
inclusion criteria (described in Table 1), only 25 journal articles were found to be
related to the research questions. The second phase of the literature review produced 2
conference proceedings, and 2 book chapter. The relevant literature included 22
empirical studies, 6 literature reviews and a case studies for developing framework,
methods, and tools. The empirical studies documented several different research
methods including: (1) testing the existing methods and tools using surveys and
interviews of students during and/or after coursework or workshops, (2) observing the
methods and tools being utilized over a long period of time in companies, (3) inter-
views with domain experts, such as experienced designers and engineers. The literature
review (including case studies) covered previous studies or cases which emphasized the
role of design and design methods and tools in technology driven NPD. From this,
conceptual frameworks were developed while methods and tools to aid or possibly to
be utilized to aid technology driven NPD were identified.

The 25 studies were categorized into the following themes: (1) the role of design in
technology driven new product development and innovation, (2) the methods and tools
to support user involvement at the front end of technology driven new product devel-
opment, and (3) the methods and tools for innovative idea generation from technology.

3.1 The Role of Design in Technology Driven New Product Development
and Innovation

Design helps companies differentiates their products from competitors’ products by
improving performance and attractiveness during product development [14].
Technological advances and design have been key enablers for electronic product
development [15]. Recent technology based service projects, which includes tangible
artifacts, have an emphasis on design [14]. The designer’s role in a technology driven
NPD process is to design product features and systems to enhance the user experience
of a product, to facilitate discussions regarding how to rapidly generate ideas for
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solutions, and to develop the form of the products considering aesthetics and ergo-
nomics [16-19]. Industrial designers interact with engineers to implement the devel-
oped design concept into feasible products [20].

Design has supported product innovation in recent years [21]. Design has aided new
technology development [21] and product development [22] to achieve product inno-
vation [23, 24]. Open innovation, sharing information in a creative environment with
user involvement, has been receiving attention in industry [12]. Designers, with a human
centered design emphasis, are well suited to the open innovation approach because of
their focus on understanding users/customers’ needs; the connection between customers
and the design process has been highlighted in the study of innovation [12].

3.2 Methods and Tools to Support User Involvement at the Front End
of Technology Driven NPD

Customer involvement in NPD process has been a helpful approach to obtain infor-
mation from users [3, 4, 22, 25]. Inadequate understanding of customer needs results in
the misperception of “engineers’ wishes” as “customers’ needs” when applying tech-
nology in to the front end of product development; this has been revealed as a major
factor in the failure of innovations [26]. The strong engagement of customers in the
early stages of NPD has been emphasized in order to capture the customers’ knowledge
and to understand user needs [22].

Philips’ approach to NPD emphasizes user involvement across three different
aspects of product development including Technology Objectives (TO), Design
Objectives (DO) and Strategic Marketing Objectives (SO) [5]. Philips developed their
TO: DO: SO approach which includes core tools, such as personas, Experience Targets
and Slice of Life Experience Prototypes [5].

While there were no studies in the found journals articles regarding design methods
and tools to involve customers at the front end of technology driven NPD, there are
methods and tools that enable customer involvement in the early phase of NPD. User-
centered design methods and tools help develop end-user centered products which have
high customer value [3-5, 9]. Focus groups [4, 22], interviews [22, 27, 28], cognitive
walkthroughs [4, 22], think-aloud protocols [4, 22], and observation [4, 28, 29] have
been used to understand the customers’ needs. Since companies prefer less-time-
consuming approaches during the early stages of NPD [30], focusing on interacting
with open-minded users, lead users who represent the target group, and/or care givers
(instead of the elderly) allow for effective, efficient understanding of the customers’
needs [4, 22]. Web-based visual customer communication [3] and co-creation (cus-
tomer involvement in NPD) [3] methods have been utilized to connect designers,
engineers, and marketers to customer knowledge. The use of user personas [31] during
user/developer workshops [28] have been noted to aid empathy in design education [4].
Attribute listing and story boarding have supported user involvement during brain-
storming [22]. User-feedback [5], focus group sessions [22], express processing (re-
ceiving frequent feedback from customers) [3], storytelling [29], and constructive
interaction (interaction between two people with the product and capturing the com-
munication between them) [22] have been suggested to optimize and to improve a
second round of ideas from a set of initially generated ideas which involves the users.
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3.3 The Methods and Tools for Innovative Idea Generation
from Technology

To aid technology transfer in the early phase of NPD, there are methods and tools to
generate innovative ideas inspired by technology. Considering technology as a design
material helps designers to focus on generating conceptual ideas [32]. The verbal
knowledge from patent analysis for design inspiration was investigated [33]. Use of
“Target verb extraction” and “related verb mining” from related product patents to inspire
innovative ideas had positive effects for university students for idea generation [33].
Tangible tools, such as card format, to focus on the potential of touch-points in innovation
has been addressed in a previous study [34]. One recent study developed cards as
inspiration tools for innovative ideas that provide a “magic effect” to encapsulate tech-
nical information for novice designers [35].

While relatively small number of studies were found which explicitly described
methods and tools aiding the technology driven NPD process, there were many studies
using well-established methods which are potentially applicable for innovative idea
generation in the context of technology driven NPD. Different brainstorming methods
have been widely used in the creative idea generation phase [4, 21]. The goal of brain-
storming is to generate as many ideas as possible [36]. Three different types of brain-
storming have been used in idea generation: (1) traditional brainstorming (engagement in
dialogue and idea sharing), (2) nominal brainstorming (idea generation individually
without communicating with others), and (3) electronic brainstorming (use of online
resources to facilitate idea generation) [37]. Mind maps, analogies, and round table
discussions have been effectively used for in person (classroom) discussions for idea
generation [38]. C-Sketch (adding ideas to the ideas generated by others in round table
format) [39], Principles from Historical Innovators (capturing the principles of previously
designed innovative products and apply these principles to the concept generation pro-
cess) [39], and analogy [40] have been utilized for idea generation methods with design
students [35]. Design Heuristics, a tool to help generate more ideas, was suggested to be
used after exhausting the initial idea generation phase [41]. The additional ideas gener-
ated, after the initial idea generation phase, were rated as higher in novelty, specificity and
relevance [41]. Morphological analysis (exploration of possible solutions using matrix
model) [22, 42], value engineering (an function examination to improve the value of
products) [22], rapid prototyping [22], use cases and pluralistic walkthrough (idea
development with a demonstration of prototype based on user action sequence) [22], role-
playing [22], and what-if scenario building [29] have been suggested to optimize and to
improve a second round of ideas from a set of initially generated ideas.

4 Results

The discontinuous (innovative) NPD Process Model, which shows technology driven
approach [10], and the HCD process model, which is closely related to ergonomics [43],
are presented adjacent to each other to suggest how the HCD process model may help the
front end of technology driven NPD process in Fig. 1. Figure 1 also captures the methods
and tools documented in the literature. The visualization of the methods and tools found in
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the literature adjacent to the NPD and HCD process models suggests where they may be
useful in the front end of the technology driven NPD process. The methods and tools can
be separated into two categories: (1) directly aiding the technology driven NPD or
(2) potentially helpful to aid technology driven NPD. These categories are identified as
“Tech. driven NPD” and “NPD” in Fig. 1. Within Fig. 1, two distinctive icons were used
to differentiate whether or not the methods and tools support user/customer involvement.

TSionary
" Tech! iMit.
v —
Convergence — Formulation . Preliminary _|
A Design Prototype

Contextual
Factors

Formal Evaluation screen

Discon-

tinuous

|, Formulative_ Lead-user -~  Design

Testing < Modification Prototype _,{amieALaton

Activities

Model [9]

centered
Design
Process [45]

& interview [22, 27, 28]
& Observation [4, 28, 29]
& Think-aloud protocols 4, 22]

2 Brainstorming methods [4, 21]

& Traditional brainstorming [37]

2 Nominal brainstorming [37]

& -Flectronic brainstorming [3, 37]

& (o-creation [3]

= Principles from historical
innovators [39]

& User/developer workshops [4, 28]

& User/Customer Involvement

L Experience target [5] Q(ards from “magic effect” [35] & User-feedback [5]
& Personas [5,31] Q Target verb extraction [33]

& Slice of life [5]

& Focus groups [4, 22] & Attribute listing [22] Q Andlogy [40]

& (ognitive walkthrough [4, 22]

& Constructive interaction [22]

Q Csketch [39]

Q Design heuristics [41]

& Express processing [3]

Q Mindmap [38]

Q Morphological analysis [22, 42]

Q Rapid prototyping [22]

Q Role-playing [22]

Q Round table [39]

& Story boarding [22]

& Storytelling [29]

Q Value engineering [22]

8 Web-based visual customer
communication [3]

Q What-if scenatio building [29]

QNo User/Customer Involvement

Fig. 1. A matrix of methods and tools to support a technology driven NPD process.

5 Discussion

In addition to the methods and tools, the literature reviewed for this paper addresses
topics relevant to the technology driven NPD process which should be brought into this
discussion. Technology is noted as being one of the three main levers (form, mode of use,
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and technology) of the design-driven NPD process [44]. Technical research along with
observational research and interviews is central to develop innovative products [28]. Due
to designer’s lack of technological knowledge, conceptual functions suggested by
designers may not be possible or feasible to develop [35]. This lack of feasibility often
results in engineers, who are less concerned with user experience during product
development, being in charge of product conceptual development and designers being in
charge of products appearance [35]. Thus the importance of improving technology
literacy for designers is underscored [15]. Some of the methods and tools documented in
the literature that aid idea generation from technology may help designers improve their
technology literacy.

Since HFE experts are capable of modelling new user needs and usages, the
involvement of HFE experts in the front end of NPD helps define market opportunity
[27] and guide the application of technology in products in order to fulfill user’s needs.
Closing the gap between the HFE research findings and the application of the findings
in design process is critical [45]. Qualitative research results meaningfully address
design issues and are easily understood by designers. However, quantitative research
results need to further decoupled from the data for designers to more effectively infuse
HFE research results into the design process [45].

Previous studies noted challenges when teaching novice designers, engineers and
students to apply design methods and tools in a technology driven NPD and NPD
process [16, 46]. First, human centered design methods used in the Fuzzy Front-End
are difficult to teach in education settings due to the short time lines and lack of prior
experience of the students [29]. Second, it is difficult for students to transfer the user-
centered research results to design inspiration [29]. Third, while students think design
methods are useful for innovative product development, they tend not to use design
methods because of the effort required to understand how and when to implement
design methods within a given time frame [16]. Finally, applying design thinking, a
complex and holistic approach, to technology driven NPD is difficult to implement in
traditional education lectures or seminars [47]. Studies suggest situating students in a
practice-based studio learning environment (such as, capstone model), allowing them
to work with design experts and working on complex, real-world problems will
enhance students’ understanding of the design methods and tools [16, 46, 47]. This
approach may help students learn how and when to use the methods and tools during
the technology transfer at the front fuzzy end of technology riven NPD. Thus, effective
design methods, tools and education programs need to be more accessible and struc-
tured for novice designers and engineers. Future studies need to investigate how design
methods and tools can be effectively taught to design students enabling their active
engagement in technology driven NPD once they graduate and are in practice.

Also, papers mentioned that the additional help and education will be needed for
practitioners including designers and engineers [3]. Studies addressed that there will be
friction within companies while embedding design in NPD [21] because of the differ-
ence in perspectives between experts (e.g. technologists and designers) [15]. In other
words, it takes some time for design to be able to fully and effectively contribute when
developing innovative products [21] in technology driven NPD. Over reliance on
customer involvement results in merely incremental innovation [3, 48, 49]; thus the
tools and methods integrating customer input in NPD need to balance customer
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perspectives with technological possibilities [3]. Since new ideas occur spontaneously
outside of a development process [50], the over use of design methods and tools in
technology driven NPD would have a negative effect on product innovation. Since the
front end of NPD needs to be fast for companies to remain competitive, the methods and
tools to be used in the early phase of NPD need to be updated to be effective in a limited
time frame. While there are many studies regarding utilizing design methods and tools
used in NPD process in engineering and design management, there are few publications
documenting the assessment of design methods and tools in the design field. Additional
design research investigations are necessary for design researchers who are updating
methods and tools to effectively aid designers in the technology driven NPD.

There are limitations regarding this systematic literature review. The journals
reviewed were focused; key journals from related fields could also be reviewed in
future studies. Since the review was focused on peer reviewed papers and their asso-
ciated citations, conference proceedings and book chapters from related fields also need
to be identified and synthesized. The usefulness and effectiveness of the methods and
the tools were not evaluated in this study. Future studies are needed to evaluate the
usefulness and effectiveness of the methods and tools used in the front end of tech-
nology driven NPD process.

6 Conclusions and Recommendations

This systematic literature review presents the documented design methods and tools that
have been developed and used in technology driven NPD process. The findings are
categorized into the following themes: (1) the role of design in technology driven new
product development and innovation; (2) the methods and tools to support user
involvement at the front end of technology driven NPD; and (3) the methods and tools
for innovative idea generation from technology. Figure 1 presents when each method
and tool can be used in the technology driven NPD process. Design researchers and HFE
experts can use these empirically tested methods and tools to specify the context of use
and requirements, to generate innovative ideas, and evaluate designs in the front end of
technology driven NPD process. These design methods, tools and education programs
needed to be updated and new ones developed to be effective, accessible and structured
for both designers and engineers involved in the technology driven NPD process.
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Abstract. Over the school year, children tend to get poor posture, which will
gradually be manifesting through malaise, pain and the risk behaviors, even
dysfunctions of musculoskeletal component causing affectation muscle groups
and overload in structures. This study aimed to implement an exercise program
using videogames through the Wii Fit platform, in order to verify if the inter-
vention is effective in the postural alterations of 54 children and adolescents, in
relation to the posture, flexibility and decreased back pain. After 8 weeks of
intervention, significant results were obtained in the reduction of complaints of
back pain (p = 0.040) and pain while in video game activity (p = 0.033), and
improvements in posture and flexibility, but without significant difference. This
study demonstrated that the exercise plan in the Wii platform allows positive
effects on the variables and allows a greater incentive to the participants, the
awakening for its future application.

Keywords: Teenagers postural changes - Postural intervention - Wii Fit -
Back pain

1 Introduction

At present, there is greater concern and striving to risk painful and restrictive processes
in school children and youngsters, a period for which it is regarded as the precursor
phase for the development of musculoskeletal disorders. The high ratio should be the
continuation of inappropriate postures in the school environment and the other intrinsic
and extrinsic factors [1].

With the accommodation of structures due to growth there is a predisposition to
postural deviations when associated with risk factors, such as inappropriate postures
adopted during classes, incorrect use of the backpack, inadequate footwear, ergo-
nomics, sedentary lifestyle and obesity [2].

Therefore, these inappropriate patterns can cause long-term, acute or chronic-
degenerative injuries, which may lead to a predisposition for exacerbations of the spine
at a later stage, manifested by painful conditions and likely visible deformations. So in
short this whole compilation results in a modification of the function of movement and
body support [3].
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The occurrence of musculoskeletal pain in the vertebral column is very frequent in
schoolchildren, and can reach a prevalence of over 60%, a phenomenon described in
several countries. Typically the regions with the most painful complaints are the
lumbar, cervical and dorsal regions. We have the child example when for an extended
time remains in the sitting position in a chair, positioned in the wrong way can occur
the pain of the lumbar region. Low back pain is also related to the weight of school
backpacks and how this weight is distributed over the back and shoulders [4].

The school is the space responsible for the formalization of education and the
teaching and learning process, and it is in the first years of school life, when the child is
still in the growth phase, the best moment to begin the postural education work with a
view to decrease musculoskeletal problems, increasing functional efficiency [5].

According to Verderi [6], it is not uncommon for children to develop their own
daily-life activities without receiving proper recommendations on how to avoid bad
postural behaviors, by their Physical Education teachers.

In order to avoid musculoskeletal disorders, European Community prioritize pre-
ventive measures development among adults and children. This measures, based upon
user’s daily-life risks, are focused on aspects where Burton et al. [7] highlight lifestyle
(which may include nutrition, work, physical activity and obesity), physical related
(like mobility, flexibility and muscle strength), school environment related (which
include backpack transportation and school furniture) and finally psychological related
that according to them, after modified may reduce the occurrence of musculoskeletal
problems among the general population.

There are a large number of children who only perform physical activity, whether
in physical education classes or when they play with their classmates. After that they
return to the sedentary base of the study, use of computer, watch television or play
video games [8].

In order to keep a healthy and free of pain body, especially when it comes to spine
area, it is important to maintain an ideal posture alongside with regular physical activity
practice. On the opposite side of the spectrum, a bad posture, sleep disturbances and
stress are the main risk factors that contribute to pain episodes [9].

The technological advance contributed significantly to the development of virtual
games destined to the practice of physical activity, developed to employ human
movement as input element, with the purpose of increasing caloric expenditure and
interactivity. [10]

This study focused on the use of video games through the Wii console, with the
application of activities on the Wii Fit platform, to prove benefits in the postural
changes of the children, in order to demonstrate their importance and their effectiveness
in postural habits.

In order to elaborate this project, a literature review was carried out where each
topic will be approached, for a better knowledge and exploration of the study, being
these (children’s growth and development, posture, habits and postural alterations,
musculoskeletal pain in the spine in children, intervention of physical therapy in
postural changes and use of the Wii console and Wii Fit platform in the posture).

In the methodology section, the general and specific objectives and their hypotheses
will be addressed, as well as the methods and materials will describe the type of study, the
instruments used, the characterization of the sample and the exclusion and inclusion
criteria.
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The results will present the results of the intervention plan and will be compared to
previous studies of similar studies. It follows the conclusion where one will reflect on
the objectives and results achieved in the study.

2 Methodology

The benefits of using the Wii console in Physical Therapy as a therapeutic tool in the
literature, improving balance, postural control, increased locomotion capacity, range of
motion of the upper and lower limbs, and patient motivation [11].

This study aimed to verify the effectiveness of postural intervention through video
games in children and teenagers in posture, flexibility and musculoskeletal back pain.

Dating from March to June 2018, there were 230 students enrolled in the school,
which attending the 2" and 3™ Basic Education Cycle, of whom 125 were in the 7t
and 9™ grade (50 and 75, respectively).

Children and adolescents aged between 9 and 16 years who attended the 2nd and
3rd cycles of elementary school education in the city of Viseu, Portugal, were chosen
for the sample of the present study.

For the collection of data will be used an elaborate questionnaire containing posture
habits, information on health problems and sociodemographic data of the participants
and the image capture of the static posture and that will be done in two parts.

This study have taken three month from participant selection process, personal
identification questionnaire fill, which included 13 questions related to socio-
demographic analysis (gender, age, weight, height and participant identification num-
ber), the occurrence, intensity and location of musculoskeletal pain assessment
according to Corporal Discomfort Scale [12] in order to verify and categorize the pain
felt (where O corresponded to no pain and 5 to the full amount of pain felt by the subject),
and its duration (acute pain — under one month, subacute — from 1 to 3 months, and
finally, chronic pain — over a 3 month period) and postural habits according to the
Posture Habits Assessment Questionnaire and with consent by the caregivers.

After initial evaluation, the participants were randomly assigned and for conve-
nience in two groups, one control and one experimental. The control group served as a
comparison model and did not participate in the exercise plan while the experimental
group performed an exercise protocol through video games on the Wii Fit platform to
improve posture flexibility.

For the study, 54 participants were selected, 27 males and 25 females belonging to
the 7th and 9th grades due to colliding with growth stages. The beginning and end of
the 3rd cycle were then chosen randomly. In the 7th year the group was divided in half,
with 12 participants as experimental group and 12 as control group, while in the 9th
year, group A served as an experimental group and group B as a control group.

The exercises were applied twice a week (40 min each session), lasting 8 weeks.

In order to assess postural changes, an informal questionnaire was conducted, based
on the work made by Carmo and Ferreira [13] and Rebolho [14], it pointed out pain
body placement while in a seated, upstanding and backpack and weight carrying.

SPSS, 24.0 version was used in order to treat all the statistical data, for normality
verification Kolmogorov-Smirnov test was applied before a descriptive analysis. This
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last, was calculated based upon standard methods. In order to analyze any character-
istically difference between both groups, the nonparametric test of U of Mann Whitnney
was applied. The statistically level of significance was establish in p < 0.05.

3 Results and Discussion

A sample of 54 subject, with 13,76 £ 1,971 years old, 50% male and 50% female,
55,6% in the 9" grade and 44,4% in the 7™ grade, with Body Mass Index
(BMI) 21,15 £ 3,376.

Body Discomfort Scale allowed us to find that, between a 0 (no pain) and a 5
(maximum pain) episode among the 54 subjects, there was a mean of 2,40 £ 0.893 that
correspond to a moderate episode.

When it comes to pain episodes duration compared with their own intensity, our
study allowed to find that with episodes duration increments comes intensity incre-
ments as well, as we may see by the 37.8% of the subjects that claim to suffer from
chronic pain (2.54 £ 0.73) and 2.00 £ 0.00 and 2.39 £ 1.08 corresponding to suba-
cute and acute episodes, respectively.

When it comes to musculoskeletal pain occurrence, 68.5% of the subjects claim to
have experienced some episode, in at least one body area. From these, 43.5% claim to
have experienced pain in two distinctive body areas while 11,1% claim to have felt it in
three or more of this region.

Considering its placement, 66.1% (81) point out the spine region, 25.3% the head,
2.5% lower limbs, and finally, 5.1% upper limbs as the main problematic areas of pain
occurrence.

Considering the aim of this particular paper, musculoskeletal pain occurrence
between the 7™ school grade students with an average intensity of pain 2.53 + 0.89 (as
it may be seen in Table 1). When it comes to its duration, 31.4% of the subjects claim
to have experienced chronic episodes. On the other hand, when it comes to 9™ grade
school age children (3™ Basic Education Cycle ending) the amount that claim to have
experienced some kind of pain occurrence decreased (65%), but the average pain
intensity (2.28 £ 0.89) and its duration (43.6% chronic episodes) increased, as we may
see in Fig. 1.

m@9th grade

Percentage (%)

Pain occurrence Chronic pain Subacute pain Acute pain

Fig. 1. 7" and o grade episodes duration of pain comparison
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In the evaluation are presented the statistical data regarding the experimental group
and the control group before and after the application of the practical intervention with
videogames in the Wii Fit platform. The variables selected for the study were flexi-
bility, amount of pain, duration of pain, pain during video game activity and total ideal
posture.

According to the reassessment of the experimental group, overall, all participants in
the experimental group showed an improvement in the various parameters mentioned.
There were no significant changes in the control group.

Then the normality test of Kolmogorov-Smirnov, in which it was verified that the
normality was zero, then the nonparametric test of U of Mann Whitnney was realized.

According to the variable flexibility, the data demonstrate an improvement in
flexibility between the 1st and 2nd phase of the experimental group. Regarding the first
phase, the group obtained a mean of 81.80 (+14.40) and in the second phase obtained a
mean of 85.31 (+13.43), with p = 0.627, whereas the control group had an average 74,
16 (+11.73) with p = 1,000 in both phases without improvement.

Regarding the amount of pain, it is verified that the data show a decrease between
the 1st and 2nd phase of the experimental group. In relation to the first phase, the group
obtained a mean of 2.15 (£1.32) and in the second phase obtained a mean of 1.37
(£1.39), with p = 0.040, whereas the control group had a mean of 1.63 (£1.24) in the
Ist and 1.33 (£1.33) the second phase with p = 0.380, thus a slight improvement in the
decrease of pain.

Regarding the duration of pain, it is verified that the data do not show a significant
decrease between the 1st and 2nd phase of the experimental group. In relation to the
first phase, the group obtained a mean of 2.09 (£1.32) and in the second phase
obtained a mean of 2.05 (£1.39), with p = 0.939, whereas the control group had an
average of 2.05 (£0.86) in the 1st and 2.06 (+0.82) the 2nd phase with p = 0.948, and
there was no significant decrease in pain.

Regarding pain during video game activity, it is observed that the data present a
slight decrease between the 1st and 2nd phase of the experimental group. Regarding the
first phase, the group obtained an average of 0.81 (£0.73) and in the second phase
obtained a mean of 0.41 £ 0.57, with p = 0.033, whereas the control group had a mean
0.33 + 0.48 with p = 1,000 in both phases without improvement.

Table 1. Descriptive analysis of the experimental group on the variables flexibility, pain and
posture.

Variable Study phase | Average
Flexibility 1* phase 81,80 £ 14,40
2" phase | 85,31 & 13,43
Pain intensity IR phase 2,15 + 1,32
2" phase 1,37 £+ 1,39
Pain during videogames activities | 1% phase 0,81 £ 0,74
2" phase 0,41 + 0,53
Posture 1* phase 1,89 £ 0,32
2" phase 1,78 + 0,42
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Finally, it was verified that the values in relation to the total ideal posture presented a
slight improvement between the 1st and 2nd phase of the experimental group. Regarding
the first phase, the group obtained a mean of 1.89 (+0.32) and in the second phase
obtained a mean of 1.78 + 0.42, with p = 0.278, while the control group had a mean
1.78 (+0.42) in both phases without improvement, as we may see in Tables 1 and 2.

Table 2. Descriptive analysis of the control group on the variables flexibility, pain and posture.

Variable Study phase | Average
Flexibility 1* phase 74,16 + 11,73
2" phase | 74,16 + 11,73
Pain intensity 1*" phase 1,63 + 1,26
2" phase 1,33 + 1,33
Pain during videogames activities | 1% phase 0,33 £ 0,48
2" phase 0,33 + 0,48
Posture 1*" phase 1,78 + 0,42

2" phase 1,78 £ 0,42

In a review of the literature, the results obtained in the studies show that the use of
videogames through the Wii console and its Wii Fit platform, have demonstrated
excellent results as a therapeutic tool in various components.

Within the various studies analyzed, there were significant improvements in bal-
ance, visual perception, range of motion and improvement of motor function beyond
the immersion and motivation it offers.

According to the study by Agmon et al. [15], exercises performed by the elderly
group on the Wii Fit platform demonstrated improvements in the Berg Scale after the
intervention (p < 0.01) and improvement in gait velocity through WT4min
(p < 0.108).

According to the study Toulotte et al. [16], in a group also of elderly, it was verified
after the training plan that the score in the Test of Tinetti reduced significantly
(» < 0,05).

According to the Braga et al. study [17], the group of young people tested showed a
significant improvement in the SEBT test (p < 0.05) with the use of the Wii Fit
Platform in relation to the group that used the proprioceptive disc.

In the present study, data on flexibility and pain decreased from 81.80 (414.40) to
85.31 (£13.43) and 2.15 (£1.32) to 1.37 (£ 1.39) respectively.

In the references of pains in activity in the video game, the values point to a slight
decrease with no significance from 0.81 (£0.73) to 0.41 (£0.57).

When referring to posture, the participants of the experimental group showed a
slight improvement from 1.89 (40.32) to 1.78 (£0.42).

The therapeutic effects on video game use associated with the Wii Fit platform are
poorly explored, focusing in particular on the elderly population and on balance dis-
orders. However, as no similar studies have been found regarding the effects on body
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posture, it is not possible to predict the expected results on the efficacy of the inter-
vention. Therefore, it is necessary to intervene in order to demonstrate the existence of
benefits and to provide a basis for future studies.

4 Conclusion

In this present study based on data analysis, it can be concluded that it is essential that
preventive measures be taken in the school environment, not only in prevention actions
and postural education in schools, but also a more practical intervention.

As the prevalence of postural changes increases, there is a concern to find
increasingly effective measures. Therefore the focus of this project is to prove and
consolidate the effectiveness of a more active intervention using videogames using the
Wii Fit platform, with the aim of improving postural behavior, but also as a beginning
and influence for future interventions similar to this one.

The promotion of behavioral changes, leading to more active and healthy lifestyles
is quite complex so it is considered pertinent to seek solutions so that, if they can
substantially improve the day to day of these children and become later, elements of
society as influencers of appropriate behavior.

After the implementation of the project, it is evident that the exercise plan asso-
ciated to the platform, besides demonstrating positive effects, has been well received
and can be further explored for its future application both in the school environment
and in other means. Then the awakening to this theme.
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Abstract. Information on how to present visual content in an ergonomic way is
crucial in various fields. The current study examines how the gender, race of
a person, and picture-slogan relative location influence subjects’ perceived
effectiveness about a social advertisement. Relative scores of 45 participants from
Wroctaw University of Science and Technology were measured by binary pairwise
comparisons and formally analyzed by the loglinear model for frequency data.
While making comparisons, subjects’ visual activity was recorded by an eye-
tracking system. Mean fixation durations were comprehensively analyzed in the
context of examined factors by a standard, five-way analysis of variance: Pic-
ture race (black, yellow, white) X Picture gender (man, woman) X Picture lo-
cation (left, right) x Stimulus location (left, right) X Subject gender (male,
female). Subjective results regarding perceived effectiveness of the advertisement
variants were compared with objective fixation durations.

Keywords: Eye tracking * Subjective preferences - Display design -
Brain lateralization - Digital signage + Visual information ergonomics *
Pairwise comparisons

1 Introduction

Knowledge how to present visual information in an ergonomic way is crucial in numerous
areas beginning with the design of standard control panels, their digital versions, various
forms of advertising like, e.g., classic banners, design of packages and their equivalents
displayed by a variety of electronic devices. It is also well known that ergonomics of
presenting visual information is influenced by various factors (e.g., [1, 7, 13—16]). For
instance, it has been repeatedly shown that locating verbal stimuli on the right-hand side is
more effective whereas the left-hand side is better for non-verbal components [4, 5]. This
type of research are still continued in multiple contexts, e.g., Cao et al. [2] tried to answer
the question if visual attention strategies of processing advertisements on web directories
are more top-down or bottom-up. The ergonomics of the visual information
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demonstration can be evaluated both from the subjective and objective perspective.
Recent developments in eye tracking methodology and technological advancements,
resulting in better and better and cheaper than ever eye-trackers, allows for more in-depth
analysis of human visual behavior from an objective standpoint. For a comprehensive
review of the visual activity tracking research in processing advertisements, please refer to
Higgins et al. [11].

The current study constitutes another step towards improving our understanding in
this regard in the context of digital presentation concerned with racial tolerance pro-
motion and is a direct extension of our research described in Koszela-Kulinska and
Michalski [12]. The main goal of the present research is to apply eye tracking
methodology to examine the human visual activity depending on three factors, that is,
the human race (white, yellow, black), gender (males, females), and position of the
human image in relation to an advertisement’s slogan (picture-text, text-picture).
Specifically, we focused on identification and analysis of the level of visual attention
and its distribution. Another aim was to gather once again participants’ subjective
preferences and compare them with objective eye tracking measures. A review of the
crucial literature on investigated in this paper factors is provided in Koszela-Kulinska
and Michalski [12].

2 Method

2.1 Design of the Experiment and Procedure

Subjects were to visually examine a series of picture pairs and select, by a mouse click,
the banner that was more convincing in their opinion. The task question “Which
advertisement convinces you more?” (Polish: “Ktora reklama bardziej Cie przeko-
nuje?”) appeared at the top of each slide, see a sample comparison in Fig. 1. All
banners presented a human image together with the campaign text: “Racism? No,
thanks.” (Polish: “Rasizm? Nie, dzigkuje!™).

Ktéra reklama bardziej Ci¢ przekonuje?

Rasizm? Rasizm?

Nie, dziekuje. Nie, dziekuje.

Fig. 1. A sample comparison. Faces were not blurred during comparisons
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Three factors were explored. The effect of the human race of a person presented in
the advertisement was specified on three levels, that is, white, black, yellow. The gender
of the visible person involved two levels (man, woman). Two levels were also
employed for the picture-slogan relative location, namely: human picture either on the
left or on the right hand side of the slogan text.

We used the same images as those employed in our previous research [12]. Five
students visible in these pictures gave an informed consent for using the photographs
for research purposes. The black female picture was bought on http://www.
shutterstock.com. All images present persons with a neutral facial expression, casu-
ally dressed, and standing upright with their arms along a trunk. All the images are
presented in Fig. 2.

adAdAa

Fig. 2. Pictures of persons used in the study. Faces were not blurred during comparisons.

Since the full factorial, within subject design was employed, all subjects assessed
all twelve experimental conditions: 3 (Races) x 2 (picture gender) X 2 (image-text
relative location). Each participant evaluated all possible pairs of investigated stimuli,
that is, (12> — 12)/2) = 66. The data gathered in this way were used to formally verify
whether participants’ relative likings were significantly influenced by the investigated
factors.

While performing randomly presented pairwise comparisons, objective visual
behavior data were collected for all participants. For this purpose, a modern SMI
REDS500 (SMI) stationary infrared eye-tracker system was applied. The system records
eye ball movements at 500 Hz sample rate with 0.4° accuracy. SMI BeGaze 3.7 was
used for exporting raw fixation data for analyses in an external package. All the
statistical analyses were performed in Statistica, version 13 (TIBCO Software Inc.).

The main part of the experiment was preceded by a short electronic questionnaire
regarding participants’ characteristics followed by an appropriate 5-point calibration
and validation procedure. The examination was held in a laboratory environment that
has an isolated room equipped with a desk, typical office chair, keyboard, optical
computer mouse, and 21 in. monitor. Subjects’ behavior was monitored through a one
way mirror and registered by video cameras. Communication with participants took
place via a set of microphones and speakers. SMI Experiment Center 3.7 software was
employed to prepare and control the experiment. The software randomized the com-
parisons’ display order. The stimuli locations on the screen were also randomized and
counter balanced.
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2.2 Participants

Overall, 45 white participants, at the age between 18 and 25 years, took part in the
experiment (mean = 20.3, SD = 1.18). The sample was balanced with respect to gender.
There were 22 males and 23 females students of Wroctaw University of Science and
Technology, Poland. Mean eye tracking ratio equaled 96.2% (SD = 4.28). There were no
difference between mean eye tracking ratio for males and females (F(1, 43) = 0.293,
p = 0.59). Three persons (2 men and 1 woman) were excluded from further analyses as
their eye tracking ratios were lower than 90%. Another three subjects were not included
in analyses since too big mean deviations (>1.5°) were discovered while examining
validation procedure results. Finally, eye tracking data from 39 participants, including
18 males and 21 females, were examined in the section regarding visual activity.

3 Results

3.1 Preferences — Pairwise Comparisons

Basic Statistics. Subjects preferences were collected by binary pairwise comparisons.
The registered selections for all three examined effects along with the stimulus location
on the screen are put together in Table 1 and graphically presented in Fig. 3. The data
suggest that participants were generally more convinced by conditions including a
white person, less persuaded by a yellow individual, and the least — by picture with the
black one. It can also be observed that advertisements with men were chosen more
often if the stimulus appeared on the right hand side of the screen whereas graphical
panels with women this phenomenon was reversed. The option with white man pre-
sented on the right side of the advertisement and displayed on the right was selected the
most frequently. The variant with black women on the left, presented on the right hand
side of the screen was the least convincing.

Table 1. Frequency statistics for all examined factors.

No. | Picture gender | Picture race | Picture location in Stimulus on | Stimulus on the
relation to text the left right
1. | Man (M) White (W) | Left (PL) 169 172
2. | Man (M) White (W) | Right (PR) 155 205
3. | Man (M) Black (B) |Left (PL) 79 97
4. | Man (M) Black (B) |Right (PR) 79 96
5. | Man (M) Yellow (Y) | Left (PL) 114 138
6. | Man (M) Yellow (Y) | Right (PR) 104 150
7. | Woman (W) | White (W) |Left (PL) 167 162
8. | Woman (W) | White (W) | Right (PR) 170 153
9. | Woman (W) |Black (B) |Left (PL) 81 58
10. | Woman (W) |Black (B) |Right (PR) 71 63
11. | Woman (W) | Yellow (Y) | Left (PL) 137 108
12. | Woman (W) | Yellow (Y) | Right (PR) 137 105
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Fig. 3. Frequencies of selections for all examined factors

Loglinear Analysis. A loglinear analysis was applied to verify whether the observa-
tions made in the previous section were statistically significant. The analysis involved
five effects. Three main experimental factors were examined: picture race (PR: white,
black, yellow), picture gender (PG: man, women), picture-text location (PL: left, right),
along with the location of the presented advertisement on the screen (SL: left, right)
and subject gender (SG: male, female). All possible interactions between these factors
were also included in the initial model. In the resulting contingency table, minimum
and maximum cell frequencies amounted to 22 and 111, respectively.

After applying the optimization procedure the recommended model involved one
main effect: Picture race and two interactions: Picture gender x Subject gender, and
Picture gender x Stimulus location. The maximum likelihood Chi-square value
amounted to 28.6, with p = 0.91, and 40 degrees of freedom. The convergence was
reached after two iterations with the criterion set at 0.01.

The selection frequencies for the significant Picture race factor are given in Table 2
and graphically demonstrated in Fig. 4. The data confirm the conjecture made in the
previous section. They show the highest preferences when white individuals are pre-
sented in the advertisement. Black persons were the least persuasive for subjects.

The number of advertisement selections depending on the Picture gender x Sub-
Jject gender interaction are put together in Table 3 and illustrated in Fig. 5. We can
observe that male subjects differently perceived tested advertisements than females. For
females, the gender of the person presented in the stimulus was important. They,
generally, preferred variants with men over those with women. Male subjects seem to
pay no attention to the person gender.
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Table 2. Number of selections for three 1500 T T :
examined races § 1250 L |
Picture race No of selections g 1000 | )
‘White 1353 L s0 | |
Black 624 S
Yellow 993 2 500 1
Total 2970 5 250 | ]
Z
0 1 1 1
White Black Yellow
Race on picture
Fig. 4. The influence of Race on the
number of advertisement selections.
Table 3. Number of selections for the Picture gen- I Man [7] Woman
der x Subject gender interaction 1000 . .
Picture gender Total E 800 | j
Man | Woman 8
. 2 600 | 1
Subject Male 730 722 1452 <
gender Female | 828 | 690 1518 3 400 1
Total 1558 | 1412 2970 E 200t ]
z
0

Male Female

Subject gender

Fig. 5. The influence of Picture gen-
der x Subject gender on subjects’
preferences

The influence of the Picture gender x Stimulus location interaction on subjects
preferences is demonstrated in Fig. 6. Corresponding frequencies are provided in
Table 4. The results suggest that when a stimulus appeared on the left part of the
screen, subjects tend to select advertisement with women. If the stimulus was
demonstrated on the right, the situation was reversed: variants with men were more
preferred.
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Table 4. Number of selections for the Stimulus B Man [ Woman
location X Picture gender interaction 1000
Picture gender Total ,5 800 |- 1
3
Man Woman § 600 |
Stimulus Left 730 722 1452 =
location | Right | 828 | 690 (1518 5§ 07 i
Total 1558 | 1412 2970 E 200 1
z
0
Left Right

Stimulus location

Fig. 6. The influence of Stimulus
location x Picture gender on sub-
jects’ preferences

3.2 Eye-Tracking Results

Among numerous visual activity parameters, the fixation durations are among the most
interesting and most often analyzed. Longer fixations usually mean that subjects’ visual
attention was drawn to a specific part of the stimulus. Heat maps prepared for all the
66 pairwise comparison slides displayed in the current investigation exhibit very
similar pattern. A sample of such a heat map is presented in Fig. 7. These data clearly
show that participants generally focused on presented faces while considerably shorter
average fixation times were detected on slogans. The top task order text drew attention
only sporadically. Long fixations visible at the center of the comparison resulted from
focusing on the cross that was displayed before each advertisement appeared.

Ktoéra reklama bardziej Cie przekonuje?

2 RH? Rasizm?
Nie, kuje. Nie, dziekuje. g4 )
(1

Fig. 7. Sample heat map with average fixation durations for one of the examined comparisons.

A five-way analysis of variance Picture race (PR) x Picture gender (PG) x Pic-
ture location (PL) x Stimulus location (SL) x Subject gender (SG) was employed to
verify if the mean fixation durations were significantly influenced by these effects. The
obtained results regarding significant factors and two-way interactions are put together in
Table 5. All other interactions were statistically insignificant.
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Table 5. Five-way Anova results for significant factors and interactions.

Effect Degrees of freedom | Mean sum of squares | F p 7
Picture race (PR) 46363 2.360.0942™" | 0.00024
SL x SG 115654 5.8910.0152" |0.00030
PG x SG 59676 3.0410.0812™" | 0.00015
SL x PL 56686 2.8910.089™ |0.00015
Error 19707 19626

“p<0.05

= p<0.1

The analysis revealed statistically significant influence of Picture race, and three
interactions: Stimulus location x Stimulus gender, Picture gender x Stimulus gender,
and Stimulus location x Picture location on mean fixation durations recorded for a
given experimental condition. The Picture race effect, illustrated in Fig. 8 (whiskers in
all figures denote 95% confidence intervals) shows that the least visual attention was
devoted to white models, whereas yellow models were explored the most intensely.
The LSD Fisher post-hoc tests (Table 6) revealed that the difference only between these
two levels were statistically meaningful.

Table 6. Results of LSD Fisher post-hoc tests
for Picture race mean fixation durations

Picture race White Black Yellow
White X

Black 0.26 X

Yellow 0.034 0.31 X

185

180

175 1

170 +

Mean fixation duration (ms)

165 } } }
White Black Yellow

Picture race

Fig. 8. Influence of Picture race on
mean fixation durations

Table 7 contains the LSD Fisher’s pairwise comparisons for the Stimulus loca-
tion x Subject gender interaction (Fig. 9). Only in two cases the differences occurred
to be significant. For right stimulus location, females’ mean fixations durations were
longer than the males’ ones. Females paid more visual attention when the stimulus
appeared on the right than on the left hand side of the screen.
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Table 7. Results of LSD Fisher post-hoc tests for SSE Left stimulus Z$= Right stimulus

. . . . @
Stimulus location x Subject gender mean fixation &
durations g

= 180 +
Stimulus location Left Right 8
Subject Male Female Male Female "g

gender g 175 4~
Left Male X g
Female 0.27 X é

. a 170
Right Male 041 0.81 X by
Female 0.17 0.015 0.034 X =

165 } }

Male Female
Subject gender

Fig. 9. Influence of Stimulus loca-
tion x Subject gender on mean fixation
durations

The Picture gender x Subject gender interaction demonstrated in Fig. 10 seems to
be quite week. The analysis of post-hoc comparisons given in Table 8 suggests that
there is only one meaningful (« = 0.1) difference: the average fixation durations for
female subjects were longer for advertisements with women than with men.

—F=Picture man —f= Picture woman
5

Table 8. Results of LSD Fisher post-hoc E 18
tests for Picture gender x Subject gender -t
mean fixation durations .% 180 4
Picture gender Men Woman _‘é
Subject | Male | Female | Male | Female g 175 4
gender -:é
Man Male X é
Female |0.53 | x g T
Woman | Male | 0.65 | 0.86 | x <
Female | 0.31 |0.10 0.14 | x 165 | |

Male Female
Subject gender

Fig. 10. Influence of Picture gender x Subject
gender on mean fixation durations

The Stimulus location x Picture location interaction is graphically illustrated in
Fig. 11. Post-hoc pairwise comparisons that are put together in Table 9, indicate two
significant differences. When stimulus is on the right, the advertisements with pictures
located on the left attract visual attention for longer than those with pictures placed on
the right side of the slogan. Variants with left positioned pictures have also longer
fixations when the stimulus was displayed on the right than on the left side of the
monitor.
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Table 9. Results of LSD Fisher post-hoc . ZE Left stimulus 3 Right stimulus
tests for Stimulus location x Picture location E 185
mean fixation durations -1
3
Stimulus location Left Right .§ 180
Picture location | Left | Right | Left | Right -g
Left | Left x g 175 +
Right 085 | x k-
Right | Left 0.048 | 0.068 | x &
Right 079 |0.65 |0.030| x g 7o
=
165 } }

Left Right

Picture location

Fig. 11. Influence of Stimulus location x
Picture location on mean fixation durations

4 Discussion and Conclusion

The present research was focused on exploring visual attention recorded while per-
forming binary pairwise comparisons of social advertisements. Digital versions of
banners were differentiated by three factors, i.e., race and gender of a person picture
along with the text-picture relative position. The stimulus location on the screen and
subject gender were counterbalanced in this study, and they were also included in
analyses.

The loglinear analysis of selection frequencies showed that white models were the
most convincing, while the smallest impact was noted for advertisements with black
persons. The race effect occurred to be statistically significant for the fixation duration
analysis. It appears that the most convincing advertisements with white persons were
associated with the shortest mean fixation durations. Such a result may be related with
the subjects’ race. All participants were white and, probably, other races were deemed
more interesting for them, all the more that in Poland black and yellow people are very
scarce. However, it is not clear why the longest average fixations were observed for
adverts with yellow models. This will require supplementary research. Subsequent
studies could also include other than white subjects.

Female subjects were more persuaded when a man appeared on the stimulus.
Again, similar to the race effect, correspondence between preferences and eye tracking
data was noticed. The interaction revealed that females processed longer stimuli with
women, but these advertisement were less convincing for them than variants with men.
For stimuli located on the right, versions with a man were more convincing, and when
the stimulus appeared in the left part, subjects were inclined to choose conditions with a
woman model. These subjective results have no significant correspondence with the
attention distribution measured in the present research only by fixation durations.
However, it is not excluded that there are some relations with other visual activity
measures [6, 8], which should be further examined.
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The analysis of eye-tracking data provided also additional insight of subjects’
visual behavior that has not got its equivalent in presented subjective scores. The
strongest influence on mean fixation durations (the biggest 5* value) had the interaction
of Stimulus location and Subject gender. For right stimulus location, females’ mean
fixations durations were longer than the males’ ones. Furthermore, females paid more
visual attention when the stimulus appeared on the right than on the left hand side of
the screen.

The obtained subjective outcomes seem to be in a contradiction with our previous
findings [12] where advertisements with a black person were decidedly the most
preferred, and participants liked more female models than male ones. The discrepancy
probably comes primarily from the different question used. In the earlier study, we
asked “Which advertisements is prettier?”, whereas in the present investigation the
question was “Which advertisement convinces you more?”. Apparently, these two tasks
are not identical and subjects may consider prettier advertisements as less persuading.
This finding can be pursued further in future research, however, both researchers and
practitioners should be very precise and cautious while specifying experimental tasks.

Another source of inconsistency between these two studies is concerned with the
sample. Previously, we examined students from the Academy of Art and Design
whereas here participated students from the technical university. Considerably different
profiles of these two groups could have influenced outcomes. Moreover, in contrast to
the current study, the previous sample was not counterbalanced with regard to the
subject gender. Therefore, the interaction Picture gender x Subject gender observed in
the present research could not be detected in the previous investigation, due to the
highly unbalanced Anova (23 females versus 11 males).

The outcomes of the visual activity distribution are, generally, not controversial.
The reported focus on the person face has been repeatedly confirmed in numerous
studies (e.g., [17]). Similarly, the visual concentration on the panel center during
general comparisons of various stimuli was also reported (e.g., [3]).

Presented and discussed in this research results, should be treated with appropriate
reserve especially due to the moderate in size, and highly homogenous sample. However,
demonstrated findings may be helpful in designing more effective social advertisements
and they certainly constitute a next step in better understanding visual behavior in the
marketing context. Further research directions can also involve more sophisticated
approaches for modelling visual data such as Markov models (c.f., [9, 10]).
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Abstract. This article is part of the research project “Glossolalia, an alphabet
on Design”. It focuses on the symbolic features of the color red, particu-
larly in material culture in the West, traveling through words representing the
various actions that elicit or derive from the use of red (correcting, punishing,
prohibiting, protecting, distinguishing, loving, politicizing...). It also discusses
similarities in the meanings of pink, purple and orange, the three colors that
border RED.

Keywords: Human factors - Western culture - Material culture -+ Semantics -
Red (Color)

1 Introduction

This is the second part of a first article [1]. The symbolic ambivalence of the color red
and its omnipresence in Western culture requires more than the recommended length
for submitted articles, so a second (and final) part is justified to address other possi-
bilities of using this color, although, however, it does not cover all such possibilities.

In Antiquity, white was a non-color and black was associated with dirt. Red was the
color [2]. Therefore, in European languages, the word is confused with the very notion
of color (and in some, such as Russian, it is synonymous with beauty). The ubiquity of
red is extraordinary: it occurs alone or accompanied, often by black, as in the title of
Stendhal — Le rouge et le noir (1830) — or in some games, such as roulette.

2 Correcting, Punishing, Prohibiting, Protecting

Writing in red is considered bad manners, but red is still used for (handwritten) cor-
rections written on typographic proofs (usually printed in black on white paper) and it
is also in red that teachers at all levels correct their students’ written tests.

In soccer, the top sport in European countries, black and red are associated with the
exercise of authority on the pitch (the refereeing team is dressed fully or partially in black).
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The referee has several tools for communicating with players: verbal language, arm and
head gestures, sounding the whistle around his neck and two cards, a yellow one repre-
senting a warning and a red one, which can be used immediately after a player has been
shown the yellow card or without a prior warning. The red card means immediate
expulsion from the game — it is shown very assertively, with the arm outstretched and
followed by a gesture indicating the punished player should leave the pitch (Fig. 1).

\'\0

Fig. 1. Red card being shown to Zidane in the France-Italy match at the end of the 2006 FIFA
World Cup [3, 4].

The red card is also a punishment for the team of the expelled player, because it
loses a team member on the pitch; the punishment remains until the following game,
although it is lessened: the punished player cannot play in the second game, but the
coach can introduce another to replace him [5]. Use of the two cards is relatively recent.
They were introduced in the 1970 Soccer World Cup in Mexico, recovering the
meanings of yellow (warning) and red (punishment, prohibition, interdiction) [6]. From
soccer, red and yellow cards were extended to other team sports, introduced by the
international federations responsible for regulating them.

Unlike most color applications, the interpretation of which is eminently local (i.e.
cultural), some uses of yellow, red and blue are transcultural (global). This is the case
for traffic lights, although the red color is associated with the idea of prohibition for
protection. International standards for safety symbols are defined by ISO 3864 [7-10].
Red is also the color of firefighters’ uniforms and fire engines and is used by two
equivalent humanitarian institutions for the protection and assistance of people in war
scenarios, linked to two symbols which have religious connotations, the Cross and the
Crescent (the Red Cross and Red Crescent movements).

3 Distinguishing

The term “blue blood” is used to distinguish nobility, as opposed to achieving status
through enrichment. Use of this expression seems to have originated in Spain in the
late Middle Ages, early Modern Age, then spreading to other places and languages.
“Blue blood” is associated with a white complexion, as opposed to the darker skin tones of
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the Moors, ranging from dark gold to black [11]. It is therefore an attribute of purity that
seems to lie in a characteristic of very pale skins, whose fineness reveals the fine blue
features of the veins. The Spanish and Portuguese aristocracies developed a particular
obsession with purity of blood, as observed by endogamous practices to eradicate sus-
picions of contamination by Jewish and Moorish blood, and the need to prove that they
belong to the select group of Old Christians (as opposed to New Christians, i.e. Jews and
Moors who converted to Catholicism to escape exile or the Inquisition).

Red has been an aristocratic and omnipresent color in heraldry since the mid-11th
century. What mattered, for medieval tastes, was the presence of red (in heraldry, it is
called gules in English and gueules in French), and it could be light or dark, rosy,
orange or violet. Richard the Lionheart (1157-1199) adopted gules with three leopards
from 1195 [12] (Fig. 2). A medieval manuscript depicts two of the kings involved in
the 3rd Crusade (Fig. 3): King Richard and his horse wear the colors of England,
distinguishing themselves from Philip II of France, dressed in blue (which in heraldry
is called azure) with the fleur-de-lis.

Fig. 2. Chronica majora by Matthew of Paris (frag- Fig. 3. Les Histoires d’Outre-

ment of illuminated manuscript from the 13th century mer, 1261 (the meeting of King

with the arms of Richard the Lionheart) [13]. Richard I of England with King
Philip II of France) [14].

Until the 19th century, there was a legend that families using gules in their arms had
at least one ancestor who had been involved in the crusades.

4 The Color of Love

Red is the color of beauty and of mystical, carnal love. In some countries, prostitutes
were forced to wear red on a garment to mark themselves out from other women. The
association between the color red and prostitution dates back to the Apocalypse and the
Book of Revelation. In several illuminated manuscripts, the whore of Babylon — a
personification of the Anti-Christ — appears in red (Fig. 4). She also appears in red in
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pieces by William Blake (1857-1827) (see Fig. 5 below) and Jean-Michel Basquiat
(1960-1988) (see Fig. 6 below).

Red fruits are associated with love, whether chaste or carnal. Cherries symbolize
the redemption of man through the sacrifice of Christ, but also youth and spring; using
them as a gift is a way of declaring love to someone.

Fig. 4. Douce Apocalypse, Ms. illumi- Fig. 5. The Whore of Baby- Fig. 6. Wine of Baby-
nated, c. 1265-70 [15]. lon by William Blake, 1809 lon by Jean-Michel
[16]. Basquiat, 1984 [17].

In Antiquity, the pomegranate is associated with the myth of the Rape of Proser-
pina. In the Middle Ages, it became a symbol of the Resurrection; along with apples,
pomegranates are Eucharist symbols. When a pomegranate appears in the hands of the
Virgin, it is a symbol of chastity, alluding to an excerpt from the Song of Songs. Given
its physical characteristics, because inside the outer shell there are many berries, it is
associated with fertility [18]. Cesare Ripa (c.1560—c.1622) also considered it a symbol
of Concord and Conversation [19].

5 Politicizing

At the end of the 18th century, red took on a political dimension for the first time [20].
The first examples occur in the symbols and posters of the French Revolution: the
Phrygian cap, the tricolor flag, the rooster, whose crowing symbolizes the birth of a
new day and announces a new time of hope, “freedom, equality and fraternity” (Fig. 7).
Keeping its political overtones, red (Bolshevik) contrasted with white (monarchical),
distinguishing the two warring Russian armies, the “Reds” (Communists) and the
“whites” (those faithful to the Tsar).

The revolutionary connotation lies behind its use in flags of all socialist and
communist parties, in their highly diverse shades and ideological affiliations, extending
to the flags of communist states. Nonetheless, many flags of non-communist countries
also contain red, including the flags of countries which are no longer Communist, as is
the case of the Russian Federation (Fig. 8 shows the evolution of the Union of Soviet
Socialist Republics flag between Dec. 1922 and Dec. 25, 1991).
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Fig. 8. Five USSR flags between 1922 and 1991 [23].

Red is also the dominant color on Russian constructivist posters (Fig. 9). Rod-
schenko (1891-1956) uses some letters from the word “Lenin” to compose other
words. In this very particular context, from circulation of the color red to connotations
of “red” (meaning “communist”), technical reasons further underlie its use.

Fig. 9. Russian political propaganda poster by Aleksandr Rodchenko, 1924 [24].
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The same (technical) argument and, of course, Russian constructivism (and com-
munist ideology, inseparable from the artistic avant-garde there) inspire the work of El

Lissitzky (1890-1941), a true “visual poem” serving Vladimir Mayakovsky’s poetic
text (Fig. 10).
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Fig. 10. El Lissitzky (1890-1941), 12 spreads of Dlia golosa (For the Voice), poem by
Vladimir Mayakovsky, 1923 [25].

Reflecting the Russian avant-gardes’ strong visual appeal for the sensitivity of
Western artists and looking to other contexts of circulation beyond the usual art sites
(art galleries, salons and museums), note this advertisement by Kurt Schwitters (1887—
1948) in Mertz magazine for the Pelikan brand, exploring the graphic versatility of the
color red, here stripped of any political connotations (Fig. 11).

The same graphic line inspires the Neue Typographie (New Typography) move-
ment started by Jan Tchichold (1902-1974) [27], at the origin of the so-called Swiss
Design or International Style [28].

Returning to its eminently political potential, red “burned” in the May 1968 posters.
Although the USA’s Democratic Party is far from being “red”, it uses on this color,
opposing the Republicans’ blue. Curiously, or perhaps not, parties from a vast range of
backgrounds — with the exception of environmentalist parties (which usually use green) —
from the radical right to the radical left, follow that color code.
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Fig. 11. Kurt Schwitters (1887-1948), advertisement for Pelikan in Merz magazine, 1924 [26].

6 On the Boundary: Pink, Orange, Purple

A passion for certain flowers, such as poppies, tulips, carnations and peonies — which
rival roses in the beauty of their form and color — manifests itself in many aspects of
Western material culture, namely, patterns for fabrics, tapestries, male and female
clothing accessories, paintings, political symbols and tattoos. The rose has a prominent
place, also because its name designates a color, although red roses are also very
common and very beautiful (yellow roses were only known of in the 18th century).
European social elites of the 17th and 18th centuries were great lovers of still lifes, a
genre that alludes to the brevity of life. The painters of northern Europe were skilled in
this genre, with Alexander Adriaenssen (1587-1661) and Cornelisz de Heem (1631—
1695) featuring prominently among them. The still life in Fig. 12 contains various
shades of red; in Fig. 13, orange is added. The transparency and shine of the glass jugs
of water (and the reflections of the light on them) denote the mastery of the painters and
the fragility of life (memento mori). In the two paintings, there are butterflies that flutter
or land on the flowers, but they also live for few hours, even less than the cut flowers
standing in water.

In 18th century, women of the Catholic European aristocracy wore bright colors. In
France, Mme. Pompadour (1721-1764) (Fig. 14) and Marie Antoinette (1755-1793)
(Fig. 15) loved the color pink, until then a color used, essentially, in male court dress
(Fig. 16), transforming it into a sign of refinement and bon goiit.
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Fig. 12. Still life by Alexander Adri- Fig. 13. Still life by Cornelisz de
aenssen, ¢. 1650 [29]. Heem, mid 17th century [30].

Fig. 14. Marquise de Pom- Fig. 15. Archiduchess Fig. 16. The Woolaston —White
padour by Frangois Bou- Marie Antoinette of Austria, Children by George Romney
cher, 1758 [31]. Future Queen of France, at inspired by Antony van Dick, c.
Age Seven by Jean-Etiénne 1780 [33].
Liotard, 1762 [32].

The color pink was also one of the colors of choice for rococo environments (along
with white, light blue and gold). Sophia Coppola’s Marie Antoinette celebrates the
favorite color of the ill-fated Queen of France: in the interior design of her apartments
at Versailles Palace (Fig. 17), dresses, ribbons, shoes (designed by Manolo Blahnik),
and even in the candy (made by Ladurée) (Fig. 17).
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Fig. 17. Marie Antoinette, film directed by Sophia Coppola, 2006 [34, 35].

In English, “pink” can mean “excellence” or “perfection”, as seen in an excerpt

from Romeo and Juliet, and it contains another semantic element that works only in
English (“rose” is also the past participle of the verb “rise”):

“MERCUTIO
Nay, I am the very pink of courtesy.

ROMEO

Pink for flower.

MERCUTIO
Right.
ROMEO
I knew it when I ‘rose’ this morning.” [36]

The portraits of Pope Innocent X, painted by Diego Velazquez (1599-1660)
(Fig. 18) and Francis Bacon (1909-1992) (Fig. 19), despite all their differences,
demonstrate the symbolic affinity between red and purple [37].

Fig. 18. Potf[rait of Pf’p ¢ Inno- Fig. 19. Portrait of Innocent X
cent X by Diego Velazquez (c.

1650) [38]. by Francis Bacon (1953) [39].
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Other works by Francis Bacon (Fig. 20) demonstrate such disparate influences as
Veldzquez, Rembrandt (1606-1669) (Fig. 21) and Chaim Soutine (1893-1943)
(Fig. 22).

Fig. 20. Figure with Meat (por-  Fig. 21. Carcass of Beef Fig. _22- Le Beeuf by Chaim
trait of Innocent X) by Francis by Rembrandt, 1657 [41]. Soutine, c. 1923 [42].
Bacon, 1954 [40].

In the triptych Three Studies for a Crucifixion (Fig. 23), Bacon continues a
reflection that goes back to 1944, at the height of the atrocities committed during World
War II, to paint violence.

Fig. 23. Three Studies for a Crucifixion by Francis Bacon, 1962 [43].

Returning to red, it is the color favored by children, because it is “playful”, festive,
and very common in children’s clothing [44]. Red appears in several European tales of
remote origin, told orally, such as “Little Red Riding Hood”, fixed in two versions, one
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from the 17™ century by Charles Pérrault (1628—1703) and the other from the 19™
century by the Brothers Grimm (Fig. 24) [45, 46]; or as “The Red Shoes”, retold by
Hans Christian Andersen (1805-1875) [47].

RED RIDING HOOD.

Fig. 24. Three pages of Little Red Riding Hood illustrated by Walter Crane, 1875 [48].

Violence associated with desire and sexual drive is clear in both [49, 50], which
helps us understand why violence towards children and women persists in families in
Western culture. They appear as uncritical testimonies of reality or common narratives
to support its normality. Whatever the reason or reasons that justify it, returning to
colors, red still preserves an ambiguity between Good and Evil, Ugly and Beautiful,
Purity and Lust, Love and Hate, Nobility and Vulgarity, Redemption and Perdition.
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Abstract. Traffic signs are not globally standardized, and there are different
signage systems all over the world. The system of traffic signaling in Portugal
comes from the European System, ratified on 19th September 1949 in Geneva,
which has slowly evolved, with occasional changes and often driven by inter-
national agreements. Currently the road signaling system is regulated by the
Regulatory Decree No. 22-A/98 of October 1st, which approves the Traffic
Signaling Regulation. For the present research it is vital to include, in the vertical
signaling system to be placed on public roads, tourist-cultural signaling, which is
intended to convey information about places, buildings or groups of buildings
and other motifs of particular relevance (cultural, historical-heritage or land-
scape). Following a first case study, it was found that not all pictograms present in
vertical signaling are perceptible and understandable. The level of simplification
and development of pictograms for application in projects for vertical signaling is
very disparate, some of them extremely simplified and easily perceptible and
other require a higher level of interpretation by the user, due to sign complexity.

Keywords: Visual ergonomics - Graphical symbols -
Symbols signs - Touristic signage

1 Introduction

The growth of tourism in the last decades, combined with a growing globalization on a
world scale, has somehow generalized the abolition of physical, linguistic and cultural
boundaries, making the displacement of people and goods easier, enhancing trade and
industry, leisure activities and other tourism-related activities. Mobility and a large
number of people coming to particular places or attractions have led to the need to
guide people into an unknown space and to communicate basic messages using a
universal language through pictures, so it can make easy to understand written mes-

sages in any language and it will decrease the number of messages.
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Massironi [1, p. 118] considers that pictograms are a great help in guiding people in
bus and train stations, airports, hotels and other services. These days we can see them
as well as in maps, tour guides, apps among many other things. Export requirements
and market movements cannot foresee the use of just one language nor the chaos of
using many languages at the same time.

The displacement within the tourist activities is carried out over and over in
unknown spaces raising the need for learning new rules, which are now formalized
with signs that ease the access or movement around certain places.

According to Velho [2, p. 12], the development and the evolution of cities, the
complexity of transport routes, trade relations and communications have made sig-
naling essential in the environment and necessary for the safe usage of urban facilities
and exchanges business, knowledge and skills.

As an activity that presupposes the movement or mobility of visitors, tourism
generates a variety of needs, such as tourist resources, services or supply. Tourist
information is of a great contribution to mobility and to the quality of the stay or the
provision of tourist services.

Tourist information comes in several ways, digital and printed support, signage,
tourist signage, as well as other communication forms. Among the various media of
graphic media applied to tourism, it is important in the context of the present inves-
tigation to get better acquainted with tourist signage.

According to Britto [3] the creation and transmission of a given message about a
tourism product/service or equipment is a process that triggers the connection between
supply (product/service/equipment) and demand (real or potential tourist) and ensures
its complete satisfaction.

Communication and information for the tourist market are translated into prelim-
inary information on all resources available in the tourist process, initially in the form
of leaflets, articles and media advertisements (printed or digital), are then by graphic
signs of orientation, permission, prohibition and support, arranged in suitable supports,
in and outside the tourist scene.

Such signs are integral components of a repertoire, system or graphic signposting
directory, especially designed for the most different occasions, and may or may not be
referenced by official tourism signaling systems or directories, mainly in internal sig-
naling issues when freedom of creation can be kept [3].

Tourist signs or symbols cannot be dubious nor be based on a particular access
code restricted to certain users. For a correct interpretation of such signs it is also
important the physical environment they are in [4, p. 6].

The signaling of tourist and cultural orientation is the communication carried out
through a set of signaling plates successively set up along an established route which is
provided with ordered written messages, pictograms and directional arrows. This set is
used to inform about tourist attractions and other references, or the best access routes
and, all the way through, the distance to be travelled to reach the final destination
(Brazilian Tourist Signage Guide, 2001).

Tourist signposting aims to provide an easy access to tourist spots and attractions,
must start on a route and lead users to a tourists site.

Numerous signage systems have been developed worldwide in the area of infor-
mation for tourists or visitors, however they do not share common codes, being
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designed for a particular entity or location and are unique, isolated from other systems,
far from the universal character intended for the signage systems for tourist
information.

There are numerous examples of systems developed for tourist information, whe-
ther established by countries, regions or tourist authorities, provinces, municipalities,
tour operators, or by so many other companies and organizations operating in the area
of tourism and culture. However, it is truly impressive to see that systems are generally
not interrelated, often causing difficulties in accessing tourist spots.

Taking the example of the Portuguese context, there is a national vertical signaling
system (traffic signaling) that includes tourist information symbols for the indication
signs, as well as tourist-cultural signage that is not applied throughout the territory. In
addition, there is the tourism symbolism of Turismo de Portugal, which is applied in
different establishments and tour operators, however, they often choose to develop or
apply their own systems.

There are systems applied in some touristic regions by intermunicipal communities
or by municipalities as well as companies dedicated to the various tourist activities.

As we can easily see, the several mentioned systems produce redundant messages
for the user or, in many cases, their absence, due to the enormous deregulation and lack
of uniformity in the tourist messages.

Therefore, it is important to deepen the study of symbols used in the traffic signs
system, which becomes an important case study at the communication design level,
standardization and visual ergonomics because of its own characteristics and its global
application.

2 Traffic Signs

Traffic signs are not globally standardized because there are internationally different
signal systems. The great expansion of traffic signs takes place in the beginning of the
12th century along with car evolution, with private initiative having the merit for being
aware of the need to come up with new solutions brought in by the quick development
and progress of the automobile industry.

With the development of the automobile industry, the spread of the car and the
growing need to cross borders by car it was required a structure that went beyond the
national automobile clubs and could also respond to the international standardization of
traffic signs. Thus, the first international agreements appeared, which have been at the
origin of the standardization of symbols applied in traffic signs.

At the end of the 1940s, in a generalized attempt to standardize traffic signage
systems worldwide, we can observe three traffic signaling systems simultaneously.

In 1948 appeared the so-called American signaling system in the United States
based in the «Manual on Uniform Traffic Control Devices for Streets and Highways»,
which mostly consists of written messages. The system is present essentially in much
of the American continent, in the Anglo-Saxon countries, Australia and other countries
of Oceania. The system is based mainly on the use of black graphics on a yellow
background arranged in squares supported on one of the vertices and on the United
States «Manual on Uniform Traffic Control Devices for Streets and Highways», 1948.
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The European traffic signaling system, ratified in 1949 by several European
countries through the «Geneva Convention», is based on graphic signs, which was
adopted in most European, African and Asian countries. The Convention on Road
Traffic and the Protocol on Road Signs and Signals adopted in 1949 were revised in
1964, 1965 and the Convention on Road Signs and Signals was ratified in Vienna in
1968 [4, p. 43].

The European System is based on pictograms and has been ratified by several
European countries through the signing of the Geneva Convention of 1949, currently
being implemented in most European countries, a large part of Africa (according to the
colonizer) and almost all of Asia.

In 1950, derived from the British system, the system of African road signs appears,
established by the «Central Southern Africa Transport Conference» and celebrated in
Johannesburg. This system was adopted by some African countries however is less
disseminated than the European and American systems.

3 The Portuguese System

The system of traffic signaling in Portugal, which derives from the European System,
ratified in Geneva in 1949, has slowly evolved, with a few changes and often driven by
international agreements. Currently, traffic signaling in Portugal is regulated by the
Regulatory Decree n. 22-A/98 [5], 1st October, which approves the Traffic Signaling
Regulation.

According to the Traffic Signals Regulations, traffic signs in Portugal include road
signs, traffic signs, temporary signs, signs of traffic regulators, driver signs and vertical
signs. The vertical signaling system consists of «danger signs», «regulatory
signsy», «indication signsy, «variable message signaling» and «tourist-cultural signal-
ing». The various signs are thus classified into different categories according to their
characteristics and are composed of several elements that contribute to its design, such
as size, graphics, color, materials, etc.

Within the present investigation it is important to deepen the study of tourist-
cultural signage, since is the one with the lowest degree of standardization from in each
country.

So, in the Portuguese case, tourist-cultural signaling intends to provide information
about places, buildings or groups of buildings and other cultural, historical and land-
scape reasons.

Touristic-cultural signage should be used to point out, in particular: regions that
stand out for their heritage or landscape values; cultural, historical, patrimonial and
landscape attractions (monumental complexes and city-museums; sets of patrimonial
and landscape interest and sets of historical and patrimonial interest; monuments and
archeological sites; churches, palaces and castles); geographical features and natural or
national parks; tourist routes; places of tourist, geographic, ecological or cultural
interest (Regulatory decree n. 22-A/98 [5], Ist October, Article 54 — area of
application).
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The symbols used in the indication signs and tourist-cultural signs are classified as
follows (Fig. 1):

I — User Support:
Emergency
Other indications
II — Tourist Information
IIT — Geographical and Ecological Indications
IV — Cultural Indications
V — Sports Indications
VI - Industrial Indications
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Fig. 1. Symbols used in the indication signs and tourist-cultural signage approved by the Traffic
Signaling Regulation in Portugal

4 Visual Ergonomics

According to the International Ergonomics Association (IEA), Visual Ergonomics is
the multidisciplinary science concerned with understanding human visual processes
and the interactions between humans and other elements of a system. Visual ergo-
nomics applies theories, knowledge and methods to the design and assessment of
systems, optimizing human well-being and overall system performance [12].

Long and Richter [13] defines Visual Ergonomics as the science which aims to
achieve a good balance between what a person can see and the visual demands of a
task. This requires an understanding of the human visual system and an analysis of the
visual demands of a task.

Relevant topics include, among others: the visual environment, such as lighting;
visually demanding work and other tasks; visual function and performance; visual
comfort and safety; optical corrections and other assistive tools [14].
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Among several domains of interest of visual ergonomics defined by the Interna-
tional Ergonomics Association [15], it is important for the present investigation to
highlight the areas of: Visually demanding work tasks and leisure activities; The human
visual system, perception and visual Comfort; Visual displays and information design.

The associated mental processes are also considered important in decoding symbols
applied in the signaling, namely the perception, the memory and the reasoning, in order
to understand how they affect the interaction between the users and the other com-
ponents of the system.

Thus, the development of the visual system must take into account the issues
related to legibility, namely contrast, identification and differentiation between forms or
to these forms in comparison to the surrounding background. Readability, that is,
comfort in reading or viewing, the way graphic elements are arranged, recognized,
hierarchized or proportioned according to the context and to the reading distance.

We must also take into account comprehension, especially the level of decoding or
the understanding of a meaning in the shortest time possible. It is the semantic relation
of the denotative and connotative meanings from the confrontation of the graphic sign
with schemas and mental images. Memorization is linked to the understanding, it is
defined as the speed and the ability of the sign in creating fascination or bond that
justifies its preservation or retention in the user’s memory.

5 Holistic View of the Applied Symbols

The symbols applied in tourist-cultural signage in Portugal and throughout the world
lack standardization criteria, either in terms of form or in terms of color, making
sometimes the process of decoding the sign more difficult. Not all the symbols present
in tourist-cultural signage are easily visible and the iconic level used in the design of
the symbols is very disparate, some of them extremely simplified and easily perceived
while others require the user to have a higher level of decoding, caused by the com-
plexity of the sign.

A particular symbol tends to rule the design of other pictograms which are con-
tained in the same category, and therefore it is essential for the identification of the
system that they are recognized as belonging to the same classification, do not need
learning and are easily recognizable. In the design of the symbols the objects repre-
sented must respect the principles of regularity and continuity, which sometimes does
not occur in the symbols used in tourist and cultural signage.

It is important to analyze some principles that can be applied in the graphic
development of the symbols used in tourist and cultural signage, in order to create a
uniform, coherent and easily decodable system. It is also important to understand the
phenomenon of symbol normalization and validation.

The need to transmit information through symbols requires concise, simple and
quickly understandable signs; for this, must be sought elementary graphic structures, in
order to do justice to a certain type of perception [6, p. 101]. In general, the conceptual
model (taking into account the design of pictograms) should present clearer,
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simpler and unambiguous information [7, p. 25]. The design has the unique ability to
shape information by certain techniques [7, p. 25], as emphasis or understanding;
comparing or structuring; grouping or order, selecting or omitting; choosing for
immediate or delayed recognition; presenting in interesting ways.

In psychophysical studies of Max Wertheimer, Wolfgang Kdhler and Kurt Koffka,
known by the development of Gestalt theory, perception is considered as a whole and
explains the parts instead of the whole, whereas the whole is not the sum of the parts.
The elements of a picture are grouped spontaneously, and in an innate way.

The European Conference of Ministers of Transport in 1991, established basic
principles for tourist signs [4, pp. 47-48], such as the principle of safety; principle of
proximity; or the principle of specificity.

According to Roque [8] a signaling system must take into account the following
principles: Uniformity; Homogeneity; Simplicity; Continuity; Coherence.

In addition, it is also important to mention issues related with the standardization of
graphic symbols applied in touristic and cultural signage.

The project developed in 1974 by the American Institute for Graphic Arts (AIGA)
to the United States Department of Transportation (DOT), a signaling program
developed to a set of facilities linked to the transports in the United States, is an
important example in the standardization context. A standardized program developed to
inform and guide users in spaces and buildings where there was a large movement of
people, such as airports, road and rail stations, international events, etc., and its
importance as a systematized program, which aims to communicate readable and
legible visual messages to users of different cultures, social classes and age groups.

The World Tourism Organization (WTO-WTO) publishes in 1993 the publication
“Tourist Signs and Symbols”, a proposal for standardization of concepts and terminology
applied to the tourism sector, together with a study of the systematization of 290 symbols
for tourist information. The publication reflects the work done by UNWTO in the areas of
standardization and technical standards in the period 1998-2000. The study comes up as a
first attempt to classify and standardize the symbols for tourist information, although with
little expressive results, presenting a vast set of symbols, without graphical relation
between the pictograms, not being related in order to create a common code.

Over the years, there have been several attempts to normalize and standardize the
graphic symbols used in the orientation and information of tourists and visitors, from
which stand out the projects developed by the ISO Technical Committees (International
Organization for Standardization) mainly standards and technical reports related with
symbols for public information.

The ISO technical report TR 7239: 1984 shows the development processes and
principles for the accomplishment of symbols for public information, the standard ISO
7001 proposes three areas of action: (a) the standard image content; (b) the function;
(c) the application field. The ISO 22727: 2007 standard defines some guiding principles
for the creation and design of symbols for public information.

The system design is one of the most important stages in the development of the
visual program, and will give body to the signaling system. There are several tests to
validate the developed system, particularly the ratio of its constituent elements.
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For the thematic of guidance and signposting systems the Usability Test is defined
as the one which evaluates the relationship between graphic symbols with the user. The
test is essential to evaluate the graphic and functional quality of symbols and their
ability to communicate with users. The Visibility Tests “in situ” in the present context,
can be applied to evaluate the graphic and functional quality of the developed program,
its application capacity in the in space or territory in validation, as well as their ability
to communicate with users.

The standard ISO 9186-1: 2007 defines the Comprehensibility Tests which specifies
methods for testing comprehensibility of graphic symbols, in particular: (a) the method
to test the amplitude a variant in which a graphical symbol communicates the intended
message; (b) the method to test the variant of a graphical symbol most understandable.
The ISO 9186-1: 2007 (E) presents two types of test: The Comprehension Test and the
Judgment Test.

6 Outcomes

The developed research project, which is the basis of this article, presents guiding
principles for the development and validation of graphic symbols. Following the results
of previous research and research based on design practice, it was possible to arrive at
preliminary results, which substantiate and validate previously the research questions.

From the results of the research it is possible to affirm that the systems of orien-
tation and public information are not developed in a systematic way and most of the
programs focus on an aesthetic aspect, not being verified in its development the
application of methodological, normalizing and validation principles of signaling or
signage projects.

Thus, from the research problem and the results obtained, it was possible to develop
an essay, which describes a wide set of guiding principles for the design of symbols
applied in tourist and cultural signaling. It is considered that the guiding principles
developed enhance the graphic and functional quality of visual codes and should be
applied in the development of graphic symbols for integration into public information
programs. The following principles have been defined: Principle of need; Principle of
universality; Principle of participativity; Principle of usability; Principle of simplicity;
Principle of uniformity; Principle of normativity; Principle of perceptibility.

Also as a result of the research it was possible to list a set of standards and
methodologies applied to the design and development of information and orientation
systems, being these standards an important tool for designers and studios that develop
signaling and wayfinding projects, generating a set of guidelines for the development,
standardization and validation of graphic symbols present in signage programs.

With the growth of citizen mobility, tourism and other similar activities, the number
of signaling systems applied in the area of public information around the world has
increased. Yet these systems do not share common codes, being designed for a given
entity or territory and have a unique character, isolated from other systems, far from the
universal character desired for guidance and public information systems.
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The several referred sign systems often generate, for the user, redundant messages
or lack of information by the deregulation and lack of uniformity in the messages to be
transmitted to tourists and visitors.

This research project intended to evaluate the Portuguese signaling system as a
whole, the relation of the symbols with the system and the understanding of the
interaction in the visual process of the user with the various elements of the system.

An important contribution to a holistic view of the various constituent parts of the
tourist-cultural signaling system is found in visual ergonomics. It is important to
understand human visual processes and the interactions between the user and other
elements of a system. This requires an understanding of the human visual system and
an analysis of the visual demands of a task.
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Abstract. Concerns related to sustainability are recurrent in Design. Ques-
tioning project practices, reassessing principles which are intrinsic to the design
process, promoting the dissemination of sustainability-oriented actions, and
contributing with a new awareness-raising process about consumption are atti-
tudes that might help in the inclusion of environmental and social requirements
in design practices. The relationship between sustainability and esthetic, sym-
bolic and affective aspects is under explored in project elaboration. The project
process that emphasizes subjective and material characteristics of objects with a
view towards the appreciation of affective memories, through the analysis of
users’ real-life experiences, might allow the designer to rethink time, tradition,
aesthetics and perception to comprehend characteristics at play that are emo-
tionally sustainable. This paper presents and discusses the ongoing research,
whose main objective is to design a sustainability-oriented project itinerary,
through affections and memory embedded into the relationship between people
and objects.

Keywords: Design education - Product design : Design methodology -
Sustainability -+ Emotionally durable sustainability

1 Introduction

In Design, concerns related to sustainability are recurrent. Nevertheless, practices that
incentivize consumption, excessive production, ownership and materialism are fre-
quently incorporated into the design process. Bonsiepe [1] observes that there is some
distortion in the actions of contemporary design, justifying that the activity got close to
the ephemeral and distant from the intelligent solution.
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To Manzini [2], designers are, indeed, part of the problem. But they can be part of
the solution to better the quality of the world. It is then necessary to re-evaluate the
context so that strategies in the opposite direction can be developed. The creation of
objects has become a technical activity, since there is a great tendency for the use
of tools and little reflection about the project actions. In the contemporaneity, the way
of designing excessively valorizes the renderings and disregards the specificities of
place, space, materials and important elements of an authentic experience of the world.
To Walker [3], this “removal of consciousness by process” contributes to unsustainable
practices of project and production, such as the exploration of labor force, the waste of
non-renewable natural resources and energy, the environmental degradation.

To question the design practices, to review the principles which are intrinsic to the
process in design, to promote the dissemination of options oriented to sustainability and
to contribute to a new consciousness on the consumption are attitudes that can help the
inclusion of environmental and social requirements in the design practices. This
position should be emphasized at the beginning of design education, allowing the
concern with the environmental impacts to be incorporated into the mentality of the
designer and the practice to be developed from the first projects. Only then is it possible
to change the conventional patterns of design required by the market. The design
practices can boost social, environmental and economic changes in many ways.
Manzini and Vezzoli [4] affirm that initially, sustainability in the design was applied in
the reduction of impacts in the environment, using alternative materials and cleaner
processes directed to the measurable, tangible factors. The relationship between sus-
tainability and aesthetics, symbolic and affective aspects is still little explored in the
elaboration of the projects.

While adopting a view to sustainable development, through the analysis of what
users have experienced, the project will allow the designer to rethink time, tradition,
aesthetics and perception to understand which physical characteristics of the products
involve feelings that can extend their use, optimizing the commitment with the sus-
tainability through affection, according to Borjesson [5]. Also concerning an approach
to the intangible aspects, Chapman [6] highlights the inspiring strategies to extend the
products’ life, investigating the emotionally durable design.

Thus, it is possible to see a project itinerary that - beyond the practical and technical
aspects - facilitates the construction of affections and memories. Besides that, it
simultaneously stimulates reflexive attitudes in the design practice oriented to
sustainability. Finally, it needs to be relevant, from the social, environmental and
economical point of view, whether in the short or medium term. It is still added that,
while entering the symbolic universe of a specific culture (immaterial or material),
affections that motivate the attachment of users to artifacts, which represents an
obstacle for the fast discard can be aroused. The proposed itinerary was developed
according to the transclassic science described by Biirdek [7] in based on Siegfried
Maser in 1972. The transclassic science brings to design theory the possibility of
grounding the action, analyzing it, criticizing it or correcting it. It should be noted that
the itinerary starts from the static and rational method, according to the Feyerhabend
[8] thought, all the statements for the analysis are evident; there is no refusal under any
conception; it is admitted that behind an individual choice, reality may be another; and
any methodology, whatever it may be, has its limitations.
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2 Sustainability, Design and Affectivity

The concept of sustainability is complex, since it is related to many areas of human
knowledge. In a general way, when there is a concern about the life quality of people and
the environment, in which the responsible parameters for the use of natural and tech-
nological resources are stablished, it refers to sustainability. The implications of sus-
tainability are varied in nature. They go through the balanced distribution of income,
elimination of social inequality, welfare and social peace, efficiency in the use of natural
resources, waste, air quality, democracy, among other factors that are indispensable to
human life. These factors reinforce the commitment with the necessity to think about the
development of products that incorporate sustainability. For Birkeland [9], the design
needs to incorporate a new vision in its actions, such as: to redefine the objectives that
focus on the social and economic equality; to create positive synergies that provoke
changes; to re-evaluate the concepts of design that consider social transformation; to
encourage the eco-efficient production; to focus on the development of methods and
appropriate tools for sustainable development. In this context, it is essential that the
designer adopts project practices that are adequate to the principles of sustainability. We
cannot lose sight of the fact that in the use of natural resources, questions as the
generation of solid waste and promotion of satisfaction of individuals are involved. The
way artifacts are designed and produced must be the object of reflection, in such a way
that damage is softened. Analyzing this issue, Thackara [10] highlights that approxi-
mately eighty per cent of the environmental impacts produced in the planet comes from
decisions made by designers.

In the perspective of a sustainability-oriented design, it is possible to verify criteria
related to the selection and reduction of use of resources in the whole product life cycle,
as well as to the clean production. Also, facility of installation and transport are
acknowledged as tools for promotion of sustainable awareness. This vision reveals
criteria which are oriented to sustainability and, because of that, they can be explored in
the elaboration of projects that guarantee longer duration of the products’ life. As it is
known, the product can be eliminated because of the wear from overuse or for not
having achieved the practical, aesthetic or symbolical expectations. They can also be
discarded as a consequence of physical damage, among other factors.

From the design perspective directed to sustainability, an effort must be made to
have a designed object maintained in the user’s life, exploring and highlighting the
possible changes of meanings. Unfortunately, this aspect is little explored. In particular,
the affective relation between the user and the object must gain space in academic
discussion. The affective dimension is manifested through the positive feelings related to
people, places, objects, experiences, among other aspects. According to Damasio [11],
affection is something manifested through emotions or feelings in a relation among
people, objects or situations. In this relation, love is the focus, as assured by Russo [25].
Csikszentmihalyi [28] highlights that the affective connection between objects and their
users interfere in social practices, interpersonal relations and experiences, influencing,
thus, people’s behaviors and attitudes.

The attachment bond between users and objects aiming at the prolongation of the
use was conceptualized as affective sustainability by Borjesson [5]. The application of
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this concept can be visualized from two perspectives. The first one verifies how the
object is processed in the mind of the user as something affectively sustainable. It
means that the object must be understood in relation to the function and aesthetics. It is,
then, positively acknowledged, awakening tradition and nostalgia. The second
perspective regards the way in which designers can include, in the design process, the
promotion of affection. This way, it is observed that the way to sustainability that
highlights the immateriality is found in the development of objects that have the
following characteristics: they do not feature a specific time; they value the traditions;
they allow intuition to be relevant during the design process; they explore their own
needs and roots.

The designs that aim at meeting the mentioned assumptions need to manifest the
affections and the memory; to interact with the experiences lived by the user; to
acknowledge the local and regional traditions; to use the simplification as the principle
of aesthetic configuration; to consider affection, emotion and pleasure in regard of the
emotional joint understanding (affective and cognitive components); to connect the past
with the future, according to Ekkekakis [12].

In this perspective, the present paper aims at contributing for awareness about
sustainability through adequate practices in the elaboration of the design. Then, while
exploring forms, trajectories and use of everyday artifacts, the design will be able to
manifest affective connections with the users. Considering Ekkekakis [12], affections
are sensations of pleasure, disgust, tension, calm, energy or tiredness. Desmet and
Hekket [13] add that the affective state assumes subjective experiences that highlight
feelings of pleasure and unpleasure.

The affective bonds that are stablished in the relation between users and objects
evoke the positive experiences involving pleasure, contentment and enthusiasm,
arousing good memories. The affections are processed as a central feeling in people’s
memories, generating various meanings and evoking different memories. According to
Cardoso [14], the memory is placed among the factors that influence the development
of affective bonds the most. The establishment of a vehicle of long duration is pro-
moted by the affection. Considering Russo and Hekkert [15], some aspects of this
feeling are: there is continued pleasure in the interaction; the object arouses affective
memories related to people, places or pleasurable experiences; the object is related to a
common symbolic meaning and, for that, they are shared in the social environment.
This affection of long duration overcomes the transitory feelings, as attraction at first
sight or a simple fad. These are feelings that arouse a special relation of long duration,
having relevant meanings in the user’s life.

3 Methodology

This article presents and discusses the ongoing investigation that used a mixed non-
interventionist and interventionist methodology of qualitative basis, which was
developed in four different moments:

(a) Review of literature that provided knowledge about the themes: sustainability,
genealogy of forms, artifacts’ social life and design processes;
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(b) Construction about the analysis of the formal genealogy and the social life of
many objects of everyday use. It is held by the selection of objects that are
representative of the material culture to understand the possibilities of the affective
vehicles incorporated into the design of products;

(c) Preparation of two itineraries of design:

e [tinerary 1, designed as a classic itinerary. Its elaboration is based on some
authors’ classic methodology: Lobach [16]; Munari [17]; Bonsiepe [18],
Baxter [19]. These authors were chosen, since they are the most frequently
cited in the syllabuses of product design courses in undergraduate courses of
Design in Portugal and Brazil;

e [tinerary 2, elaborated according to the principles of user-centered design:
Krippendorff [20], Brown [21], Sanders and Stappers [22]; of sustainability
based on the affections and positive memories: Chapman [6]; Walker [3];
Borjesson [5], Woodward [23], Desmet [24], Russo [25], Pantaledo [26],
Csikszentmihalyi [28]. In this script, many activities focused on ideation were
suggested, such as storytelling, mood boards, drawing, as well as methods of
analysis of the forms’ genealogy and reconstitution of the artifacts’ social life.
The design process aimed at reinforcing the social and environmental com-
mitment in the design project learning, from the incorporation of affections and
positive memories associated to the use in order to extend the life cycle of
objects and postpone its discharge. Sessions with the sample and control
groups were planned, according to the protocol of quasi-experience.

(d) Verification and evaluation: at this stage, the aim was to verify the hypothesis
through the verification and evaluation of the achieved results in the real context
of learning. For the concretization of the sessions of quasi-experience control
groups and sample groups with similar characteristics were created, with under-
graduate students of Design from Lisbon School of Architecture and Universi-
dade Federal da Paraiba (UFPB). To both control groups the use of itinerary 1
was suggested. And itinerary 2 was suggested to both groups of sample. At the
end of each working session, the participants answered an evaluation question-
naire about the results obtained with the itinerary which was suggested.

4 Projects’ Itinerary and Its Applications

The projects’ itineraries were developed on the basis of literature about project
methodology. The first project itinerary, denominated as “classic”, considered the
problem as a starting point and the solution as the result. The literature related to the
classic design methodology was the basis for this itinerary. The authors referred to were
selected according to the frequency they are cited in syllabuses of product design
courses in reputable under graduation courses in Portugal. Design, Objects and
Memories (DOM) was the second itinerary that was developed. It is based on user
centered design principles; it considers several issues on sustainability, namely those
which are focused on affections and memory. The two itineraries which were
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developed demonstrate differences in relation to the stimulus to the reflexive attitudes
related to sustainability from the perspective of affections and memory.

The formulation of two design itineraries based on two different methodological
paradigms, was intended to evaluate, through the quasi-experience if it is possible to
stimulate reflexive attitudes towards sustainability that are focused on affections and
memory.

4.1 Results and Discussion About the Application of the Itineraries

The application of the itineraries of design occurred from the development of the quasi-
experience which was planned to evaluate if an itinerary of design that considers forms,
trajectories and uses of everyday objects, with a focus on affections and memories, is an
efficient strategy to stimulate reflexive attitudes oriented to sustainability. The quasi-
experience is an instrument considered as an active interventionist methodology, in
which the investigator elaborates and participates in some steps; it keeps distance from
the artificiality of the experience and allows the events to occur in the real configu-
ration. As defined by Shadish et al. [27]: “Quasi-experiments share with all other
experiments a similar purpose — to test descriptive causal hypotheses about manipu-
lable causes - as well many structural details, such as the frequent presence of control
groups and pretest measures, to support a counter factual inference about what would
have happened in the absence of treatment.”

The quasi-experience took place after the selection of the control groups and of
sample that were constituted by designers in formation. The participants were selected
in the design courses of Lisbon School of Architecture (Universidade de Lisboa —
Portugal) and Universidade Federal da Paraiba (Brazil). In each of the institutions two
project workshops took place, in which two groups were constituted: the control and
the sample ones. As already mentioned, in the workshops constituted by the control
group, the itinerary of design 1, the classic one, was demonstrated. In the workshops of
projects for the sample groups, the itinerary of design 2 (DOM), took place. During the
workshops, the same briefing aiming at developing kitchen and table utilities was
presented. Each one of the project workshops was composed of five meetings with four
hours of contact, totalizing twenty hours of work conducted and followed up by the
researcher. The participants involved handed in three panels in A3 format, containing
the following information: description of the phases of the developed process (panel 1);
representation, description and justification of the concept, with the use of ideographic
schemes, drawings, materials, technologies of production, etc. (panel 2); and repre-
sentation and communication of the proposed objects, with the resource of technical
drawing (2D and 3D), renders and others (panel 3).

We opted to request individual works, although information sharing was part of the
process during the meetings. This interaction happened, especially in the DOM itin-
erary. Each project itineraries that were used were evaluated through the questionnaires
which were answered by the participants. The final results were interpreted by the
researcher.

In the workshop with the itinerary 1 (classic), the participants were passive. In this
aspect, the behavior was very similar between the one adopted by participants from
Lisbon School of Architecture and UFPB. The concerns of the participants in both
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institutions concentrated on functional issues and interactions with the other participants
did not take place. The questions related to sustainability were just considered by one
participant, but she did not include them in the final panels. In the workshops in which
the itinerary 2 (DOM, design, objects and memories) was used, interaction among the
participants was observed. In the first moment, they seemed to be reticent with the
proposed process. However, little by little they started to interact and to identify
affinities among many personal narratives. Also, in this aspect, in both institutions, the
participants’ behavior was similar. In this itinerary, the activity that motivated the
participants the most was the sharing of ideas, registered in post-its. They showed
enthusiasm in supporting the work of the other participants with recommendations.

The works which were elaborated aroused affections and rescued memories from
the participants, since they were developed with the involvement of the personal his-
tories, regional and cultural habits. From the works that were presented by the par-
ticipants of the sample groups from Lisbon School of Architecture, we highlight the set
of teapots and coffee cups, developed by Débora Nascimento. The project was elab-
orated from the memories of the participant, who used to drink coffee with her father -
from Brazil - and from her perception of the relevance of the cork and the painting of
the tiles in Portuguese culture. The second work, developed in the sample groups from
UFPB, by Thais Golzio, verified the importance of the coconut for the Northeastern
people’s habits. In the Northeast of Brazil, the coconut and its water are particularly
special and one of the common habits is to grate its “meat”. The participant rescued the
popular utensil, common in regional fairs, developing a project of a new coconut grater,
rescuing habits and optimizing its function and ergonomics.

When the work was released in the control groups, it was believed that the classic
itinerary did not provoke stimulus and that projects were not interesting. Nevertheless,
the classic itinerary was very well evaluated by the participants. They affirmed that they
easily absorbed the process, besides highlighting the organization and the detailing in
which the content was transmitted. But they did not achieve the concern in relation to
sustainability with a focus on the affections and the memory in any of the projects that
were developed.

In the sample group in which the itinerary of project DOM was applied, the request
of personal references and interaction among participants was highlighted. The process
involving the analysis of genealogy of forms, the study of the social life of the objects,
the rescue of affections and memories allowed participants to understand the relevance
of the objects for people, making them reflect about the extension of the use of objects
in the users’ life.

4.2 Results and Discussion About the Application of the Questionnaires

The questionnaires were applied at the end of each workshop. Thirty-six answers were
presented: ten from the participants from the workshop of the classic itinerary that took
place at UFPB; eight from the workshop participants of the classic itinerary from
Lisbon School of Architecture; eleven from the workshop participants of the itinerary
D.O.M. from UFPB; seven from the workshop participants of the itinerary D.O.M.
from Lisbon School of Architecture.
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In the questionnaires, there were open questions as well as questions using the
Likert scale from 1 to 5 to identify the level of satisfaction of the participants: 1
corresponding to minimum and 5 indicating the maximum classification. The analysis
of questions, in which the Likert scale was adopted, contained graphics in columns,
with percentages. The open questions were evaluated on the basis of a qualitative
analysis. The participants reported that in other project experiences, they felt confused
and insecure concerning the route to be adopted. In both itineraries proposed, a clear
script containing the steps to be followed was available. Probably, for this reason, many
participants affirmed that the experience developed in the workshops enabled a better
understanding of the importance of planning and carrying out the steps during the
project process.

In the first moment it was believed that the classic itinerary could be uninteresting
and discouraging. For this reason, the emergency of negative criticism was expected in
the evaluation of the workshops that were carried out in the control group. Neverthe-
less, the classic itinerary was well evaluated by the participants. They felt encouraged
and affirmed that the experience provided a better understanding of the process, plus,
they highlighted the organization and the detail with which the contents were trans-
mitted. In relation to this itinerary, the participants highlighted, as a positive charac-
teristic of the workshop, the organization and the demonstration of how the steps
should be carried out.

During the workshops using the DOM itinerary, the request of personal references
and the interaction among the participants were highlighted. The personal references
worked as a starting point of the project process to trigger affections and positive
memories. They stimulated the participants and contributed to interaction. However,
students demonstrated insecurity, since it was their first contact with an itinerary that
required a personal and reflexive involvement concerning the social and environmental
aspects. For the most part, the participants demonstrated satisfaction with the task,
although it was developed in only twenty hours.

80%
70% M Classic - UFPB
60%
50%
Classic - Lisbon School of
40% Architecture
30%
20% Proposed - UFPB
10%
0% Proposed - Lisbon School of
1 2 3 4 5 Architecture

Fig. 1. Answers to the question: Please point out the importance of the knowledge and
competences that you acquired during the workshops of projects for your design education.
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When the participants of the quasi-experience from UFPB were questioned about
the interest in the knowledge and competences which were acquired in these work-
shops, the answers indicated a level of satisfaction between average and high in both
developed itineraries. As it is observed in Fig. 1, 30% of the participants presented
their level of satisfaction as 4; while 70% indicated the level 5 in relation to knowledge
and competences acquired in the workshop referring to the classic itinerary. In Lisbon
School of Architecture, on the other hand, when questioned about the same itinerary,
25% indicated level 3 of satisfaction about the workshop referring to the DOM
itinerary, 50% indicated level 4 and 25% answered level 5. At UFPB, 72,7% indicated
level 5, and 27,3% pointed out level 4. In FAUL, while evaluating the same itinerary,
28,5% pointed out level 3 of satisfaction, while 71,6% indicated level 4.

As it can be observed, both itineraries were well accepted both by the participants
from UFPB and from Lisbon School of Architecture. The classic itinerary, despite
being a process which is commonly developed, was well evaluated by the majority of
participants. The DOM itinerary was easily assimilated by the participants and gen-
erated motivation and interest in relation to the possibility of arousing affections and
memories in the user. The data collected allowed a detailed vision in relation to the
design projects which are commonly executed in product design. It was observed that
the participants, even featuring a lot of diversity, such as geographical location,
financial condition, aesthetic sense, world vision, among other aspects, demonstrated
many similarities in relation to the understanding of the design processes that were
developed in the workshops.

5 Final Remarks

The configuration of the design itinerary through the form, trajectories and use of
everyday objects, with a focus on the affections and memory, was not a simple task. On
the contrary, the analysis encompasses reflections from many perspectives. The chal-
lenge was to formulate an itinerary which is oriented to sustainability, rescuing the
classic vision of acknowledged authors in the area of design and highlighting the
principles of user-centered design. This process led the designers in formation, par-
ticipants of the itinerary application, to quickly identify the steps, feeling stimulated to
think about how affective bonds can be incorporated into the process.

The DOM itinerary provided the systematization of the process, motivating actions
of easy absorption and aroused interest about sustainability, even the interest of that
designer with little concern about environmental and social issues.

The study and reflections about sustainability, namely, on the perspective of the
longevity and the attachment to objects, in addition to the inclusion of aspects which
are related to the affective bonds, contributed to awareness, as well as to the envi-
ronmental and social responsibility of the designer. From these techniques which were
adopted in the proposed design itinerary, it was possible to rescue previous experi-
ences, to value and acknowledge habits, traditions, music, crafts, among other cultural
references; and to arouse affections and positive memories between the object and the
user.
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When the proposed itinerary was applied, it was observed that the inclusion of

human, cultural and affective aspects in the projects was noticed as something inno-
vative and little explored from the perspective of sustainability. All the process was
directed with the objective of causing reflexive attitudes in the designers. Then, the
D.O.M. design itinerary, with a focus on the affections and memories, turned out to be
an efficient strategy to stimulate reflexive attitudes oriented to sustainability.
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Abstract. Some mobile applications present a level of complexity with respect
to the functionalities of the graphical interface that are not easily understood by
all users in a first approach. The use of instructional overlays (IO) or coach
marks is a technique used to guide users to where these features are located in
the interface by using a darker layer superimposed to the interface (overlay)
where elements are placed such as arrows and text (instructional elements). The
effectiveness of the 10 was tested by measuring the completion time of a pre-
established flow in a prototype. A between-subject design was used, with one
experimental group completing four tasks with the help of 10, and the control
without. Results show a tendency for lower times to complete tasks with
instructional overlays, however, due to the reduced sample, a larger study is
needed to confirm this result statistically. Interaction design of non-trivial
interfaces should consider the implementation of instructional overlays.

Keywords: Usability - UX - Interaction design - Mobile apps design -
Instructional overlays + Coach marks

1 Introduction

The number of applications for mobile devices in major reference stores today exceeds
6.5 million, according to data taken from the website Statista [1]. Some of these
applications have a degree of complexity regarding the functionalities of the graphical
interface that is not easily grasped by all users in a first approach. The use of
instructional overlays (IO) or coach marks is a technique used to show users where
these features are located in the interface by using a darker layer superimposed to the
interface (overlay) where elements such as arrows and text are placed (instructional
elements).
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In this investigation, we tested the effectiveness of this technique by measuring the
completion time of a pre-established flow in a prototype. We had two independent
groups in which the control group completed a proposed flow without the use of 10 and
an experimental group that completed the proposed flow with the use of I0. The
dependent variable considered was the time to complete the proposed flow in the
prototype.

The use of smartphones in recent years has grown massively, and its number is now
counted in billions, rising from 2.1 billion in 2016 to 2.53 billion in 2018, according to
data taken fromStatista.com website [2]. Although the screen size of these devices have
been growing in recent years, and users preference for larger screens has also grown in
recent years [3], the average number of devices sold is 12,4 cm (4.88 in.), and one
study found that screen size does not influence perceived usability, but significantly and
positively influences the effectiveness with which users conduct their daily searches for
information when they tap into the mobile phone. The same study also suggests that the
ideal size for a smartphone is 4.3 in., as it is beneficial for transport and handling and to
perform searches using the browser [4]. Another study also indicated that the conve-
nience, mobility, efficacy of introduction of information and ease of reading are the
factors that most affect mobile use [5].

Although 4.3 in. is a size considered ideal for a mobile phone, transferring what
used to be data and buttons from a desktop computer to a small screen is suggested as a
task that can become impossible if we use a trivial approach [6].

In an aging population in developed or developing countries, whose age range over
65 is expected to occupy 27% and 15% respectively by 2050 [7], designing experi-
ments for mobile devices becomes a challenge even more as age increases because
there are negative differences in the visual processing of information [8].

“If you can not make a self-evident page, you at least need to make it self-
explanatory” [9]. When Steve Krug published this phrase in 2006 the iPhone had not
yet been released, however, after 12 years, his words and his book, which referred to
web pages, continue to make sense not only for the web experience but also in
smartphones user experience. However, when an interface cannot be “self-evident” and
“self-explanatory”, it is occasionally used by some professionals in the area of “User
Experience” (UX) and “User Interface” (UI) Design a technique from which we can
remove the “self” and designate only as “explanatory”, this technique is often called
“instructional overlays” (IO) or coach marks, amongst other names, see Fig. 1.

The use of this technique has generated much controversy amongst UX and Ul
professionals, some of whom are evangelists and others completely discredit their
effectiveness. A recent study has hypothesized that the use of smartphones causes a
decrease in analytical thinking [10]. In a paper titled “Brain Drain: The Mere Presence
of One’s Own Smartphone Reduces Available Cognitive Capacity”, the authors [11]
concluded that the mere presence of a smartphone may further limit cognitive ability by
stealing memory resources and intelligence fluidity. Searches that took days in libraries
are now completed in minutes [12]. Still alluding to Steve Krug’s book, “Do not Make
Me Think!”, How much are smartphone users willing to think about their interaction
with the device?

The closest studies that exist on the subject are about the use of visual clues as a
way of indicating elements that are off the screen, that presents a new approach for the
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' TAF TO MANAGE
YOUR SOURCES

TUTORJAL

TAF TO PISMISS

Fig. 1. Example of Instructional overlays or coach marks [19]. Usually, the text is similar to
handwriting and the arrows resemble hand drawn arrows. The arrows and text are placed on a
black background with faded transparency over the view of the application on which it is
intended to help the user. Transparency fading is usually within the range of 90 to 95%.

indication of points of interest that are occluded by other objects in a geovirtual 3D
environment [13], however does not present data on the efficacy of the technique used.
In another study also on the application of visual clues, was tested a new kind of
visualization of information outside the screen that was designated Wedge. The Wedge
algorithm was developed to take into account several factors, among which, to avoid
the overlap of elements. This is one of the pertinent points for the current research since
there is an overlay of a new layer of information on the presented view. The Wedge
study concluded that there was a significant improvement in Wedge’s accuracy over a
concurrent (Halo) system, but does not point to interface overlap results [14].

A 2014 study suggests that modifying the elements of the UI by hiding elements
that the user tends not to use can help improve the user experience [15], indicating that
it is pertinent to know what elements of the interface are really important to the user. In
the current society where users want to access information more and more rapidly, and
this is also why they invest frequently in the updating of their equipment, it is not
appropriate to add information that leads to the loss of time in accessing information
unless it is strictly necessary.

One study hypothesized that the use of visual clues could improve the insertion of
text on virtual keyboards of mobile devices in less experienced users. The experience
was made as follows: at each stroke of a letter, other letters gained emphasis by offering
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a visual clue, as the letters were converted to bold, by prediction of which character
would be pressed next. The results obtained in this study indicated a significant
reduction of the time in the introduction of text.

The study that comes closest to the project topic is a study whose hypothesis is that
the inclusion of examples (faded), that is, that appear and disappear, facilitates learning
[16]. This hypothesis was tested with the use of the mentioned technique in a computer
game for learning mathematics in which the calculation screens of the control group did
not present visual aids of how to perform the calculations. These visual aids were
presented to the experimental group in the form of text and arrows that appeared and
disappeared. The results of this study showed that faded instructions, help to improve
the learning of contents in the computer since the experimental group obtained better
results in the game.

Another study tested the use of prompts or popups, with some tips on how to solve
calculation problems and concluded that students with access to aid prompts obtained
better test scores [17].

Although there is a growing number of studies in the UX area for mobile devices, a
study on the use of instructional overlays or coach marks to provide indicators of its
effectiveness has not been found, so this current research is important for UX and UI
professionals, and to the companies that develop applications, who need to decide
whether or not to invest resources and time in the creation and application of
instructional overlays. The concern of companies developing applications for both
computers and mobile devices today is highly focused on the speed of access to
content, so any information that can bring data to evaluate the effectiveness of a
technique that will bring another layer of information to an interface of an application is
an added value.

Considering the constraints of space on the screen and the amount of information
that may need to be shown in a particular view of an application, the integration of
elements that can help guide the user and retain information in his memory, lead to the
hypothesis that the use of instructional overlays helps users to interact more effectively
with smartphone applications. This hypothesis will be tested by analyzing data refer-
ring to the time used by the study participants (dependent variable) to complete a
particular flow in an application prototype specially designed for the study. The study
aims to evaluate participants interaction in an application context and in a graphical
environment as generic as possible so that the data collected can not only reflect what
could happen if the participants were using any application that uses the IO technique,
but also that it is easy to replicate.

2 Methodology

2.1 Study Design

A between-subject design was used. Participants were assigned to the control or
experimental groups through the use of computer-generated randomization [18]. The
control group completed a proposed flow without the use of IO and the experimental
group, completed the proposed flow using IO.
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2.2 Sample

Thirty participants of both sexes, 12 female, and 18 male, between the ages of 18 and
55, participated in the study. The 15 participants of the control group had an average
age of 35 years old (sd = 10; min = 18; max = 54) and the fifteen of the experimental
group an average age of 37 years (sd = 9; min = 24; max = 55).

The criteria for selecting participants for this study was: (1) age between 18 and 65
years; (2) use of an iOS or Android smartphone for a year or more; (3) scholarity higher
than the 9th grade; (4) Portuguese as the mother language. (5) good visual acuity for
near vision.

(1) age of the participants: the sample is intended to be as comprehensive as
possible in terms of age range. (2) the premise of using a smartphone for more than a
year is important since a period of contact time with devices of less than one year could
cause a parasitic variable in cases of poor perception of the independent variable
(instructional overlays). (3) scholarity above grade 9 will ensure that there is minimal
contact with learning materials, and since the study is based on a layer that is super-
imposed with learning instructions for rapid apprehension, this factor is important.
(4) Portuguese as the mother tongue is also important since the instructions will be in
Portuguese. (5) good visual acuity at close range to ensure that vision does not detract
from understanding the interfaces and the implementation of the proposed actions. The
use of corrective eyeware is accepted for the accomplishment of the tasks.

2.3 Materials

For the test, we used three smartphones with a screen dimension ranging from 4,7 in.
(iphone 6s) to 5.5 in. (Nokia 6.1).

We used a prototype of a mobile application, with two variations, one of them
without 10 (for use in the control group), and the other with 10 (for use in the
experimental group).

For prototypes creation, we used Adobe XD. The prototype was designed in
Adobe XD and the web application (prototype) was installed in the device also through
Adobe XD app hosting. Videos of every interaction with the prototype were recorded.
For ios it was used the system assistive touch to create a custom gesture to turn visible
the clicked area and the screen recording feature of the ios. For android, AZ screen
recorder was used. For movies visualization and time measure QuickTime was used.
For statistical and data analysis we used SPSS.

As a prototype, Smart City Sense application project [20] was used, that involves
the conceptualization, design and implementation of an information technology plat-
form where the wealth of data collected by citizens (volume, variety, and detail), is
aggregated with data collected by a variety of other existing sensors in the city, giving
in real time, a clearer and more vivid vision of the global “pulse” of the city. This app,
among several functions, it could be used to obtain information about the city or to
report information about the state of the city in various domains such as cleaning or
safety.

In order to test the effect of IO, a navigation interface that could not be trivial was
created. The navigation button in the application (Fig. 2) consisted of an arrow
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pointing downwards (down navigation), an arrow pointing to the left, which recedes
from the previous action and a button with a plus sign (+) in the center, to enter a menu
or sub-menu.

vV
< +

Fig. 2. Button of the navigation interface.

As for the use of IO, several studies suggest that short-term visual memory only
allows the storage of 4 to 5 objects [21, 22], we did not exceed 5 10 (E.g. Fig. 3)

Para navegar para baixo
clique nesta seta

Ok! Continuar ‘

Fig. 3. Instructional overlay example

2.4 Procedures

Tests were performed in a closed room where only the experimenter and the participant
were present. The mean duration of the tests was 10 min, ranging from 8 to 12 min.
Participants were not informed of the methods and purpose of the study.



74 P. Noriega et al.

About 2 min were used for an initial conversation and the completion of a form that
collected various information such as demographic data (age and sex), literacy and how
long they were using smartphones. Participants also signed a consent.

After completing the form the participants were given a mobile phone with the
prototype installed. Before the test started, screen recording was enabled on the device.

During the test, the experimenter provided the objectives, prior to each of the four
tasks to be performed. Participants were instructed that after the beginning of the tasks
there would be no possibility of questioning the experimenter.

The tasks requested were as follows:

Task1: Within the app there are several types of information. In this task, you are
asked to find the weather information, for the next day. Users should be able to find the
weather menu and in the submenu find ‘see tomorrow’. The task must be performed
within the estimated time period and should not cause confusion.

Task 2: In the app, there is a zone with personal information, in this task you are
asked to access this area and change the profile photo. Users should be able to find
where they can change their data (first and last name) and profile photo. The purpose is
to change the profile photo. The task should be performed close to the estimated time
period and should not cause confusion.

Task 3: App users can report. In this task, you are asked to report a negative event.
Users should be able to find the ‘REPORT’ menu and be able to make a report, this
being of the event type negative, with a priority, a parameter and added a photo. The
task must be performed within the estimated time period and should not cause
confusion.

Task 4: There are challenges that encourage the community to provide live
information about their neighborhood. In this task, the user is asked to find a challenge
to do. Users should be able to find the ‘CITY STATE’ menu and then click on ‘Active
Zone Challenges’ and load a challenge that is free. The task must be performed within
the estimated time period and should not cause confusion.

When all tasks are completed the interface turns black and indicates that the test is
over. The phone is delivered to researchers who turn off the screen recording and
transfer the video to the computer.

After all the sessions were completed the videos were analyzed in order to survey
the times corresponding to each task.

3 Results

After data for each time task being collected from videos, it was exported to SPSS.

Average time of the four tasks for each participant was computed. In Fig. 4, we
present that average results in the form of boxplots, for the use of instructional overlays
and with no use of instructional overlays.

Average, median and standard deviation of participants that used instructional
overlays (experimental group) was respectively, X = 51,73, M = 37,5 and SD =
34,72. For the control group, that did not use instructional overlays values of average,
the median and standard deviation were respectively, X = 60,15, M = 49,25 and
SD = 32,46. A t-test for independent samples was performed to check differences, and
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Fig. 4. Boxplot of the time of tasks by use or no use of instructional overlays

there were no significant differences between the two groups (t = -0.69; p > 0.1).
Although there is no statistically significant differences, the observation of boxplots and
medians reveals a trend towards higher time when the instructional overlays are not
used. Probably, with an increase of the sample, a difference in the value of the statistical
significance can be verified.

A more thinner analysis of the results obtained by task is presented in Fig. 5 and
Table 1. Statistically, there are also no significant differences in any of the tasks
(p > 0.05). However, the observation of the boxplots and the values of the medians,
also show a tendency towards a time of accomplishment highest in the task without
instructional overlay. We can observe a more noticeable difference is in task 4 (With
overlay median = 51 s. With no overlay media = 78 s). Task four was more complex
because it was where people had more doubts about where to find the information

Sessions was recorded and a qualitative analysis was performed. In the comments
concerning the instructional overlays made by participants in that condition, about 70%
of participants declared some discomfort with the presence of instructional overlays.
A lot of users after 2 or 3 instructional overlays wanted to quickly pass it through.

4 Conclusions

The negative comments with instructional overlays may be explained as caused by a
change in the usual operating mode of app users. However, that does not mean that
from the cognitive performance point of view there can be no advantage in using
instructional overlays.

This study clearly has a statistical limitation because of the small sample size.
Nevertheless, from the trends observed in the boxplots, and from a more qualitative
analysis of the participants’ comments during the tests, we conclude that for a company
to know whether or not to invest in instructional overlays, it depends of the novelty or
complexity of the tasks to be performed.
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Fig. 5. Boxplot of the time of the four tasks by use or no use of instructional overlays

Table 1. Descriptive statistics for the use or no use of instructional overlays in the 4 tasks.

Task 1| Task 2 | Task 3 | Task 4
Use of instructional overlays Average | 60,9 17,2 |63 66

Median |44 8 49 51

SD 61,8 258 39,5 |332
No use of instructional overlays | Average | 67 13 74,7 |85

Median |51 9 52 78

SD 56,6 |12,6 44,1 |57

If the app is simple and respects usual mental models or operating modes, the
company should not invest in the use of instructional overlays. However, if it is
predictable that users will have to create new mental models and use different types of
operating modes, the company should consider investing in the use of instructional
overlays.

The latter case may also apply to users not accustomed to using apps like elderly
people. In this case, it would be interesting for accessibility reasons, to consider the use
of instructional overlays as an option, of course, if there is a temporal and financial
availability of the company.

It is also important to note that during the tests most participants demonstrated
annoyance after the third coach mark, so it is advisable not to use several coach marks
at once and their use should be in context.
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Abstract. Organizations that develop work in neighborhoods with complex
social problems can benefit from collaboration with communication designers.
This paper presents a study of a co-design project, developed with young people
from Rego Neighborhood, in Lisbon, with the purpose of creating the image for
an event called “Festival Passa Sabi — Geragdo RG”. The preparation of the
festival consisted of a set of meetings that involved IPAV workers, residents,
former residents and the young people that we considered to have good lead-
ership skills and responsibility. The graphic images and medias were created in
close collaboration between the designers and young leaders. The responsible
work carried out by the young leaders involved allowed them to acquire skills so
that in the future they could lead other similar projects, building bridges between
different communities. We therefore believe that this study may help other
designers who work in the social field.

Keywords: Social design - Communication design *
Conflicts within communities + Co-design - Participation design -
Collaborative design

1 Introduction

Our interest in the theme presented in this paper is based on ethical values, which led us to
take an active attitude towards social inequalities, realizing the potential that the practice
of design can have for intervention in needy and socially stigmatized communities. The
practice of design in the specific context of social neighborhoods, as long as it includes an
appropriate and respectful social and cultural component, can result in benefits for the
residents. The feeling of unease towards the social reality that is experienced in certain
neighborhoods in Lisbon, particularly when there is great conflict between and within
different communities, led us to look for design methods suitable for these realities.

We place ourselves here in a less current, non-commercial position as designers,
where the idea of intervening in socially difficult urban contexts results not only from
our nonconformity, but also from the motivation we obtain from undertaking actions
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that contribute to the well-being of communities in these neighborhoods. In the case
study of the action developed in the Rego neighborhood, the goal was to run a short
action covering cultural aspects, but with potential for “social transformation”,
including a collaborative design project.

2 Social Design and Participation

In order to better contextualize the proposal that we developed, we need to mention
important concepts discussed by several critics and designers. The 1960s were the main
origin of what we now call social design. Particularly of note is the importance of the
“First Things First” manifesto (1964) written by Ken Garland and signed by a group of
graphic designers, photographers and students, inviting designers to communicate
meaningful products that have an educational and social impact rather than creating
projects limited to encouraging consumption.

The manifesto makes an appeal and positively questions, offering a new attitude for
designers in their interaction with society, and in essence of the ideas expressed, and
the text is still relevant today (having been resumed in the year 2000) [1]. Alongside
other texts, we have Vitor Papanek’s “Design for the Real World: Human Ecology and
Social Change” (1972) [2], which is an essential reference in the defense of an ethics of
accountability for design professionals regarding the new problems that society faces.
More recently, in 2014, Vitor Margolin stated that: “It may not be realistic to believe
that designers will save the world, but it makes sense to recognize that design — when
practiced with ethical conscience — is one of the most powerful tools humanity has ...
Design is the activity that flows from our ability to respond to problems, starting from
the imagination in the direction of action” [3].

In 1972, Reyner Banham (architecture and design critic) mentioned the concept of
Participation during a conference organized by the Design Research Society.
According to Banham, the idea of including the users’ wishes in an architecture or
design project was something innovative, and his presentation signaled the emergence
of the concept of participatory design [4].

Community members’ participation in a social design intervention is vital to pro-
vide a detailed survey of the situation of conflicts that are intended to be reduced and so
they can be mobilized to carry out a social or cultural intervention. In this type of
project, for the benefit of the community, it is necessary for designers to work with the
people in the community, giving them the opportunity to express themselves, assert
their opinions without constraints, and get involved in projects. Rather than creating
eye-catching images, the designer must understand the exact meaning and root of the
social problems identified. Often his or her work can only be only part of a larger
system, and it is crucial that issues of substance that relate to the social context are
explored so they can be integrated into the project [5].

A preparation process is necessary, including an accurate diagnosis of the context
where the action is to take place, ensuring active participation in the project by com-
munity members. Without residents’ motivated and voluntary participation, it will be
hard for the action to be implemented, let alone to achieve the desired success. This
involvement of chosen individuals from a neighborhood to be part of a design project is
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a participatory process, also referred to as co-design, which means “designing with
others” [6]. In a co-design action, there is thus a dialogue between the designer and the
people in the neighborhood (those who demonstrate the greatest ability to undertake the
necessary tasks), and they also have decision-making power, which requires mutual
learning among the actors involved. Participants can contribute to the “idea, concep-
tualization, from/to the prototype or selection of the proposal, to the design specifi-
cation, and finally to the detailing, implementation, construction or contributing to the
design results/solutions” [7].

There is a wide range of situations that can be included in participatory design,
involving the most active members of the community and making use of their ideas and
expertise. In a co-design process, the designer decides on the final solution to be
adopted and knows how to integrate this participatory collaboration.

3 The Rego Neighborhood and the Work of IPAYV in the Field

As a consequence, in part, of the PER — Special Rehabilitation Program of municipal
re-housing policies (started in the 1980s), internal conflicts pre-existing in the Bairro do
Rego in Lisbon were intensified by the buildings constructed for this program. This is
particularly in the area of Santos ao Rego, where we worked, which presents physical
characteristics that result from the policies followed by Lisbon City Council during the
construction of this social accommodation for rehousing (Fig. 1). The PER buildings
are characterized by a typology of definitive rehousing models, with dense, tall con-
structions inhabited by different people who had come from dwellings in shacks [8].
Despite their improved living conditions, the PER buildings did not help bring the
communities together [9] and they were not able to counteract the socioeconomic
segregation and spatial zoning that affected the now-rehoused populations, but instead
contributed to making their situation much worse, leading them to become stigmatized
areas [8]. The communities that came to occupy the neighborhood of the PER
rehousing are socially excluded due to their fragile socio-economic profile and low
academic and vocational qualification. The housing projects for the Santos ao Rego
neighborhood were built without any concern for the particular characteristics of their
future tenents, not following a participatory, inclusive process with residents, and
losing their habits and customs [10]. For this reason, occupancy of the new housing
was joined by a trend towards rejection by the people who came to occupy the
dwellings of the neighborhood [8].

The residents of the Rego neighborhood fall into three main groups: the gypsy
community, the community of immigrants (or descendants of emigrants) of African
origin, and a group of Portuguese Caucasian people. With very diverse ethnic and
cultural groups, there are frequent conflicts and disagreements between and within
them.

Many members of the gypsy community remain closed to coexistence with other
external groups, due to their traditions and customs [11], and many social stigma
problems remain in the Rego neighborhood.

It is possible to observe very different socialization characteristics in the community
of immigrants (or descendants of emigrants) of African origin, and they are better
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Fig. 1. Perspective of the intervention location in one of the PER groups in Rego Neighborhood
where we can observe a gallery hall, a place of daily coexistence among the residents, one of the
inner courtyard where IPAV intervened and an external view of an apartment complex displaying
PER building characteristics. (Photos: December 2017)

integrated into Portuguese society and culture. It is a community with more varied day-
to-day coexistence and a greater propensity to socialize without prejudice. A taste for
celebrations and festivities was observed in this community, with regular get-togethers,
sharing music and food in the neighborhood courtyards.

Since 2013, the IPAV (Padre Anténio Vieira Institute) has intervened in the
Santos/Rego neighborhood with social projects, starting with the “O Nosso Km2” (Our
square mile) project — an initiative of the C. Gulbenkian Foundation [12]. The project
started with a first phase of identifying the most dramatic social problems in this area.
Subsequently, a local structure was created to combat the marginalization of the
population and the neighborhood’s closedness in relation to surroundings. Finally, it
sought to empower some neighborhood people and associations to create and take on
new initiatives themselves later on.

Due to the IPAV’s work, we note that in recent years there has been greater
openness on the part of the various communities, particularly the gypsy community.
The “O nosso Km?” project ended in 2016, with numerous changes being observed in
several spatial and social aspects: “we used to say that when we arrived it seemed that
the street was very narrow and the buildings were very tall, and today the feeling we
have is that the neighborhood has opened up, and so it seems that the street is suddenly
much bigger and that the buildings are not so high. Because in fact it was a neigh-
borhood that was very difficult to get into [10]. Much of this work to open up the
neighborhood was thanks to the creation of friendly, trusting relationships between the
IPAV technicians and the residents, established through daily work in the field that
contributed to more peaceful life among communities: “My volunteering consisted of
giving ballet lessons to girls (...) that was important to them! (...) The other activity of
painting the lots also had an impact because it stimulated the idea that we all have to
help ... it was these small activities that changed people’s mentality and helped them
trust us” [13].

Of this work it is important to highlight two important [PAYV initiatives in Bairro do
Rego, which positively marked the residents’ memories. We should mention the
impulse given by the IPAV to the residents in creating the Passa Sabi Neighborhood



Communication Design as Tool for Social Transformation 83

Association (the term “pass sabi” comes from crioulo, meaning being well) and the
Festival da Ponte (Bridge Festival, belonging to the project “O Nosso Km?®), which
received support for its second edition from the Master’s Degree in Communication
Design at FA-Ulisboa to create the image for the Festival’s advertising campaign. This
fieldwork performed by students and needy communities was the origin of this
research, where students acquired pedagogical competence such as: “further develop-
ment of essential ethical and social awareness in professional practice; a further
development of critical faculties; [and] appreciation of the importance of cultural
identity when doing design” [14].

However, at the beginning of March 2016, despite the constant stimuli of the IPAV,
attempts to meet with the neighborhood residents presented a challenge, highlighting a
general lack of interest in the initiatives launched in the projects, including the
neighborhood association. After a thorough analysis of the history of the place and the
IPAV’s actions in it, we came to the conclusion that there were several aspects of the
institute responsible for this change in behavior, highlighting: the transformation of the
“O Nosso Km?” space into a space dedicated mostly to office work, with the focus
going to work in the network of partners and the constant turnover of the team that
were in the field.

4 Communication Design in the Passa Sabi Festival Planning
Process

We identified one of the biggest problems in the field as being the demobilization of
contact networks between IPAV members and the community in the Rego neighbor-
hood, partly due to the constant turnover of the institute team. Given the fragmentation
of the network, it was urgent to re-establish bridges between the two parties. Without
this, any future action by the IPAV in Rego would be ineffective.

In February 2016, IPAV was confronted with little uptake of the “Lideres Ubuntu”
initiative, namely the youngsters of the Passa Sabi association. This activity sought to
empower young people from the Rego neighborhood following the principle of “ser-
vant leadership” [15]. Therefore, we believed that it was necessary to set a specific
objective in line with the interests of young people to enable them to become active.
The objective was to hold a neighborhood festival, since resumption of the “Festival da
Ponte” was revealed to be a common desire transversal to all generations and com-
munity groups, and was the initiative remembered with the greatest affection by
residents.

We started by creating a list of names of potential candidates with leadership skills.
These young people aged between 15 and 30 stood out for their participation in the
activities developed for the neighborhood by the IPAV over the years. This list was
created by the [IPAV team with the help of Mariana Jeca (a member IPAV staff) and
Eugénio Silva (president of Passa Sabi Neighborhood Association). The initial
approach with young people took place through telephone contacts and social networks
provided by the Mariana Jeca and in some cases in person on the street. From this
point, it was possible to schedule the first of 11 meetings that were to be held during
June 2017 to plan the Festival.
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The first meeting was attended by 13 young people from the three community
groups, involving the support of technicians from the institute (Fig. 2). We opened with
an exercise to break the ice, consisting of a brief individual presentation, where each
person was asked to say their name and a passion without which they could not live.
Although all the people already knew each other, this exercise was fundamental to
break the tension and the resistance to coming closer. From here, we started by defining
the “action fronts” that we wanted to work on, establishing activities for children, the
presence of live African and Gypsy music and the sale of food at small stalls as the
structural elements of the Festival’s program. We set a date and time for the day, ideas
and resources for the activities, names of potential artists, potential residents interested
in selling food, and suggestions for obtaining and distributing profits.

ST
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Fig. 2. Moments from the first and second preparation meetings for the Festival. In the left
image we can see the participation of the young people in organizing the initiative. In the right
photo, we see the conversation with the neighborhood women interested in selling food at stalls.
Photographs by Mariana Jeca, June and July 2017

In spite of the general enthusiasm and commitment of the young people, the second
meeting — focusing on organizing food in small stalls with women from the neigh-
borhood — had practically no support from the young people (Fig. 2). We asked them
how we could engage more locals to help with the event. They argued that the initial
approach should be more focused on questions about what they would like to see
happen [16]; that regular rather than occasional events would not only contribute to the
credibility of the team in order to achieve possible collaborations and financial support,
but increase residents’ participation [17]; and that technicians on the ground should be
less concerned, leaving the implementation of the action in the hands of the partici-
pants, forcing them to take on responsibility and commitment [18]. At the following
meetings, the number of young people varied, with an average of 5 to 7 participants per
meeting.

The moment of greatest tension arose during the fourth meeting, when we tried to
restrict the number of food and sales items on the stalls. At a meeting that comprised all
the young people, technicians and residents, there was disagreement among some of
the residents regarding these restrictions, with a tense atmosphere that clearly came



Communication Design as Tool for Social Transformation 85

from past situations. Despite this situation, the following meetings were held without
further incidents.

The creation of the image for the Festival took place using a participative process of
co-design, in a meeting with the young people dedicated exclusively to communication
design. We had detected in previous situations that the creation of names for the Festival
and setting objectives and structuring concepts were challenges for the residents of the
neighborhood. We thus sought to provide the young people with the necessary tools to
help them “unlock”, starting with creating the concept and name for the Festival, then
developing the image for the poster — in this case, symbols, graphic language, message
and discourse tone with which they identified — and ending with the strategy and choice
of means of dissemination. The meeting was attended by 5 young people.

We started with a brainstorming of keywords that they associated with the Festival,
in which the participants suggested words such as: autonomy; community; neighbor-
hood development; fun; and meeting/socializing. Based on these elements, we tried to
combine words and create acronyms that would allow us to define a name for the
Festival. After several proposals, the name established was “Festival Passa Sabi —
Geragdo RG”. The word “Passa Sabi” clearly came from the positive memory left by
the actions of the Neighborhood Association, while the expression “Generation RG”
(Rego Generation) expressed a desire by this new generation of young people to work
for the benefit of the residents and communities. For them, the message transmitted by
the name to the festival was loaded with symbolism, which related to the history of past
actions, opening a path to the future they wanted for the neighborhood.

We proceeded to a second phase, aimed at developing an image for the Festival.
The young people present expressed the importance to them of creating an identity
symbol for the Festival, but when we asked them about the message they wanted to
convey, they did not know how to answer. The young people also explained that if the
image of the poster only included text, no one in the neighborhood would read it, since
images/photographs would always be needed to capture their attention. During the
meeting, one of the young people was drawing some ideals on a piece of paper without
apparent purpose, composing an image from three main symbols: buildings, a hand and
a path. We made an interpretation of the possible message that the symbols could
convey together, in which the hand would represent the people and the work of the
community in building a path to a better neighborhood (represented by the road and
buildings). In other words, the people’s work is what makes the neighborhood. The
young people received this interpretation enthusiastically, arriving at an image that
everyone accepted as their own, thus providing a new image of the Festival (Fig. 3).
We choose representative buildings from three different areas of the neighborhood, thus
opening the initiative to all residents — even if they belonged to different territories. We
established black, blue and white as the main colors, which were present in the rec-
ognizable graffiti on one of the main entrance facades for the neighborhood. In the end,
the young people reviewed the poster created, commenting that “the image was
excellent!” [19].

In the third phase — aimed at the means and strategy of dissemination — we sug-
gested the creation of different communication media for the two existing audiences:
the placement of posters on the streets to publicize the activities that would happen in
the morning for children; and the launch of another poster on social networks for the
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Fig. 3. Posters promoting the Passa Sabi Festival. At the top, a poster with the names of the
artists for the night program, at the center of which we can see the identity symbol created at one
of the meetings with the young people through a participative process of co-design. Below, three
examples of the artists’ individual posts released on social networks

older people, containing the names of artists who would perform in the evening. The
posters on the street and social networks were more than enough and, furthermore, in
these contexts part of the dissemination is by “word of mouth” [20].

After the meeting, the images for the different media were worked on by the
designer, always accompanied by young people’s opinions. The biggest obstacle was
the short time frame for creating the images, which involved, on one hand, bringing the
date of the Festival forward — thus compromising the dissemination time that would be
necessary — and, on the other, that in these contexts the time spent on planning and
executing any initiative by the people is extremely short because of the speed and
efficiency with which they mobilize resources and means.

The Festival was held on July 29, 2017, from 11:00 am to 2:00 am the following
morning, and took place in the inner courtyards and the vacant space in the neighborhood
(Fig. 4). It was aided by 5 members of IPAV staff, 5 volunteers (2 of whom belong to the
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Fig. 4. Key moments of the Passa Sabi Festival. From left to right: Games and activities with
children performed in the inner courtyards; Cultural dance by the gypsy community at the end of
the afternoon; Children watching a music performance by gypsy artists; Live music at night with
performances by artists from the African community of Rego; Team photo of the people involved
in the Festival, with the presence of IPAV technicians, young people and volunteers for the day.
Photographs by Mariana Jeca, IPAV, July 2017
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gypsy community) and 8 of the young people who were involved in the process of
creating the festival. The Festival opened with activities for the youngest, with the par-
ticipation of more than 50 children from inside and outside the neighborhood, and the
positive spirit that was felt was noted: “The parents liked it very much, because the
children came home cheerful, happy, they enjoyed the activities, had no reason to
complain, they had food, everything was good” [19]. The evening’s program opened with
a performance by Gypsy musicians from the neighborhood. This was one of the biggest
successes of the night, and it was the first time, in an IPAV action at this location, that
young people from the gypsy community were able to perform on stage, bringing together
different gypsy families from various parts of the neighborhood in a unique moment and
celebration: “... it was good to see how all the communities in the neighborhood came
together and had fun at the event.” [17] The night of music reached its peak with a
performance by artists from the African community of Rego, accompanied by the sale of
food at the team’s stall.

The internal IPAV survey and individual interviews with the young people showed
that they valued what they had learned throughout the process: developing their skills
to take on responsibilities (and commitments); increasingly their trust in the other;
skills and concepts learned about how to organize an event of this nature; developing a
greater understanding of the preparation of dissemination materials; the ability to cope
and respond to stressful situations; and learning related to the relationship between
generations and interculturality [21].

5 Conclusion

The work and responsibility taken on by the young leaders involved in the Passa Sabi
Festival process allowed them to acquire skills to set up events that can keep providing
moments of exchange and shared identity among the different communities, thereby
making themselves active elements of the neighborhood association.

The literature review and the experience acquired in the field have reinforced how
indispensable it is to have persistent, continuous and regular work on the relationship
with members of the community, establishing relations of friendship and trust. In order
for a social design action to succeed, these relationships must be established between
the staff and designers of the organizations that are in the field, and the residents,
leaders and collaborators in the communities themselves.

Our experience in communication design has been enriched, particularly in peda-
gogical and social intervention aspects. We can say that this project, through its social
action led using co-design achieved the objectives proposed and exceeded our expec-
tations, and allows us to face similar new actions with more skills and new knowledge.
We understand that it is essential for the community to see itself in the image, symbols,
graphic language, tone of the speech and message, in the promotional media. If these
media do not contain elements that the community recognizes and sees itself in, they
will be rejected. Designers should be aware that members of communities will not know
immediately which symbols they feel represent them. They will only be able to do so
using tools, principles, games and activities organized by the designers that allow them
to decode these symbols and elements over several meetings with the designers.
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Abstract. In the scope of Branding projects, the (re) designing of the Visual
Identity of Brands or in the scope of audits of Brand Image, we proceed to the
research on Brand Marks. This analysis falls on the Brand Marks that will be
intervened, but also on Brand Marks of competitors or cases considered as good
practices. The research stage on Brand Marks is common in academic or pro-
fessional projects and students and professionals have difficulty in giving
meaning and usefulness to the information collected. The most widely used
visual analysis tools allow for the characterization of samples made up of Brand
Marks, but these do not help in the extraction of specific conclusions centered on
meaning and design. This article describes the development of the competitors
map, the Visual Research Tool which allows the objective analysis of Brand
Marks, which allows for decision making about the design effectiveness of an
isolated Brand Mark or about its (re) design by comparison to a sample of
competing Brand Marks. This Visual Research Tool has been developed
through literature review, analysis of other tools, the inclusion of a semantic,
syntactic and pragmatic analysis, which also includes classifications such as the
iconicity scale or the Vienna Classification, as well as principles of visual
rhetoric. Using visual and symbolic data, this Visual Research Tool supports
professionals and students to create strategic strategies for Brand Visual Identity.
This article reports on the creation and evaluation of the Brand Marks’ com-
petitor map.

Keywords: Brand identity + Brand mark - Competitors map - Visual analysis -
Syntactics - Pragmatics + Semantics
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1 Introduction

Most designers start a Brand Visual Identity design project with a research phase that
includes collecting information on Brand Identity and analysing other competing
brands. Research is an intrinsic component of design activity and the way in which the
context of problems is known, and solutions are found [1].

Clarifying Brand Identity is essential to defining Brand Personality, which consists
of a set of Brand Identity features combined with strategic attributes according to a
market context (needs for differentiation and appreciation of the Brand Identity).

During a phase of research on the market context different data such as public
maps, consumer profile and expectations, fashion and tendencies, legislation, com-
peting brands and products and their communication media, symbols, etc. are collected.
The research on the communication of competing brands aims to ensure the identifi-
cation and differentiation capacity of the Visual Identity Brand system to be designed.
A Brand Visual Identity system is composed of selected graphic signs, designed and
organized so that they express a certain Brand Personality in a particular market and
culture. The Brand Mark is one of the many components of the Brand Visual Identity
system, but it is the most important in that it is one of the most used (only the name is
repeated more) to identify the brand and the one whose meaning is the brand [2, 3].

In this way, the result of the design of a Brand Mark depends both on the
knowledge about Brand Identity and on the Brand Marks competing. Knowing the
competing Brand Marks is relevant to identifying common graphic codes and
denominators that can be followed or can be graphically contrasted.

In the design project, the use of tools for data visualization and or thought through a
variety of visual techniques has become frequent [4]. During the research phase, most
designers tend to collect Brand Marks in a particular industry or market. However, the
collected Brand Marks are analysed empirically and superficially, from a digital folder
or through mood boards.

The idea that the Brand Marks can constitute the research data and the need to
extract useful information from the research will have led to the appearance of the
competitor map as a Visual research tool, that is, a way to map the variables of a
diverse nature that influence a problematic in a context [5]. As Elikan and Pigneur [6]
refer, the Visual research tool helps to increase understanding skills about wicked
problems and to find ways to improve the state of things.

2 Methodology

This study began with the question: How to create a Brand Marks analysis process that
uses defined and common parameters in order to obtain useful information for the
(brand) Visual Identity (re) design project?

And as a hypothesis: Brand Marks can be analysed in terms of semantics, syntactics
and pragmatics, using categories that allow us to gauge the role of each infra-sign
(graphic components that form the sign. The meaning of the sign is more than the sum
of the parts).
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According to Avdiji [7] a Visual research tool implies the definition of an ontology
that delimits and articulates the management of the wicked problem (components and
semantic characteristics that define and help to understand based on academic theories
and knowledge and on practices that may be common); that ontology can be common
and shared; that the tool facilitates the analysis of the problem and enables hypotheses
or prototypes to be generated.

Thus, given that Brand Marks result from a correlation between the selection of
conventional symbols, the way the graphic signs are designed and how they are used in
a given context and culture, it was considered that the ontology should be based on the
three levels of semiotics proposed by Charles Morris in 1937 [8]: semantics (what is
represented); the syntactic (how it is represented) and the pragmatic (how it is
understood by the recipient in a given context and culture) and from this point on
include other design principles proposed by authors like Dondis [9] and classifications
used at the international level as the Vox-ATypl classification to classify typefaces into
general classes or the international classification of figurative elements of Brand Marks
- Vienna Classification (VCL), established by the Vienna Agreement in 1973 [10].
Thus, a non-interventionist methodology based on literature review was selected in
order to identify the most relevant parameters for the analysis of Brand Marks, but also
to define and clarify them.

In order to ensure that the ontology can be shared, a decision was made to compile
the map of competitors from a Brand Marks’ analysis sheet, including support tools
that aim to make it more common and easy to use. A choice was made to develop a
printed analysis form and a digital version.

The competitor map tool should generate quantitative and qualitative results cap-
able of characterizing the Brand Marks of an activity sector, allowing to generate
hypotheses or prototypes, namely by the relation between Semantics, Syntactics and
Pragmatics.

3 The Competitors Map as a Visual Research Tool

The most used visual analysis tools only allow for the characterization of samples of
Brand Marks, and they do not help specific conclusions to be extracted, and even less
information about meaning and design criteria.

The mapping of competitors arises as a consequence of the limitations of other tools
such as mood boards and classifications of graphic signs.

Mood boards are collages used to arouse feelings and meanings together from
records of images, photographs, fabrics and other items arranged on a horizontal panel.
Thus, mood boards are unsuitable for the analysis of Brand Marks since they
emphasize certain components over others and because they are good for identifying
sensations but are of little use for extracting descriptive and objective data (Chang,
Diaz, Catala, Chen and Rauterberg [11].

Authors such as Mollerup [12], Haig and Harper [13], Chaves and Belluccia [14],
Wheeler [15], Solas [16] and Gonzales [17] and Costa [18] have proposed taxonomical
classifications for the study and organization of Brand Marks. However, in addition to
lacking consensus, classifications tend to organize the Brand Marks by classes with no
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clearly defined boundaries and too broad to study the infra signs that make up the
symbol and the logo.

One of the first studies that we can name as a competitor’s map was developed by
d’A Valls (1980 and 1981) on international banking entities. In his study, the Brand
Mark of 611 banks from 80 countries were collected and organized into the categories:
iconic, realistic, figurative, abstract, linguistic, acronym, initial, iconic-linguistic. The
results obtained by d’A Valls (1980 and 1981) describe the existing reality in that they
detect common denominators as to the most frequent symbols, typography, colors and
compositions in the Brand Marks of the banks, but they are of little use for decision-
making for design.

In his doctoral thesis, Fernandez Ifurritegui [19] developed a process of semiotic
analysis of Brand Marks, decomposing them into components through an empirical
process of discovering design and meaning. In the dissertation, Ribeiro [20] analyzed
each graphic component separately: color, symbol, logo, composition, but without
presenting an analysis structure of each component.

Coelho [21], advanced towards the work of Fernandez Ifiurritegui, seeking greater
objectivity through drawing criteria explained by Dondis [9], Bertin, Arnheim, Elam
for the definition of categories of analysis. Chaves and Belluccia [14] proposed quality
indicators to evaluate Brand Marks, which fall into the judgment and experience of the
designer: Generic graphic quality; Typological adjustment; Stylistic correction;
Semantic compatibility; Versatility; Shelf life; Reproducibility; Readability; Intelligi-
bility; Pregancia of the Form; Empathy; Singularity; Declination.

From 2005, in an academic context, Raposo [3] began to consolidate the com-
petitors’ market as a way of analyzing the Brand Marks of a given sector. Through
direct observation and an empirical analysis, the data was then arranged in grids and
panels where it was sought to categorize brand concept, associated images, typography
used, predominant colors, selected symbols, predominant shapes and style/tone or
graphic expression, among other aspects. In 2008, videos on HP’s rebranding showed a
parallel between Raposo’s competitors’ map in 2005 and the Moving Brands process, a
fact that has revived interest in this proposal.

Based on the academic experience and his research group, Helmann [22] advanced
a proposal for analysis and design of Brand Marks based on the principles of rhetoric.
And in 2018, through the work of Jacome, there was knowledge of the proposal for
analysis and description of Brand Marks proposed by Francisco Calles [23].

4 A Brand Marks Analysis Sheet for the Competitors Map

The methodology applied here was based on research already developed in the field of
questionnaires on Brand Marks. It should be noted that important elements of the work
already developed by Héctor Contreras Jacome and Francisco Calles in 2017 were
used. For this methodology, Ribeiro’s master’s dissertation [20] was also important, in
which they did a survey of municipal Brand Marks, organizing them by several cat-
egories, as we suggested in our proposal. In this organization, the municipal brands
were evaluated in terms of the number of colors they use, type of shapes, type of
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typography and orientation of the composition of Brand Marks. The principle they used
was also one of our starting points.

In order to characterize the nature of the identity of the brands to be analyzed, four
categories were defined: Public; Private with sole proprietorships; Private in a part-
nership; and Mixed. These categories were based on the type of company that could be
constituted in Portugal.

We can find a variety of information about the brand architecture written by several
authors, one of them being Mollerup [12], who proposed a way to organize the identity
as follows: Monistic Architecture is when there is only one brand in one or more
products; Endorsed Architecture is when there are several products with their own sub-
brands that depend on a parent brand to function; Pluralist architecture is when there
are several products with own brands that apparently are not related; Mixed structure is
when there are different architectures previously mentioned running concurrently.

Regarding brand names, the authors Rodrigues [24] and Costa [25], mention that
the name of a brand can be classified in several ways. This classification can have the
name as a descriptive, patronymic, toponymic, suggestive or abstract referential. The
descriptive name of a brand describes the nature of the business, product or service in a
direct way. Federal Express, founded in 1973, now known as Fedex and Coca-Cola,
announced in 1886, are considered descriptive names. The Patronymic is an allusion to
the names of the brands that are based on the names of people, be it the founder,
inventor or owner of the patent. Colgate was based on the name William Colgate
(1804), Ferrari at Enzo Ferrari (1929) and Nestl¢ at Henri Nestlé (1866). The Toponym
refers to the names of a brand that refer to the place of origin or initial action of the
institution. TAP, Transportes Aéreos Portugueses, and Porto. Referring to the com-
munication of the city of Porto are names that represent their place of origin, Portugal
and Porto, respectively. The Suggestive can be considered as metaphorical names.
These reveal the nature of the business indirectly and refer to its product through a
common quality that ultimately provokes associations. Jaguar, a car brand, has made an
association with the animal’s qualities of stature, strength and agility. Abstract refers to
a name that has been “found” but has nothing to do with the company or product it
represents. This requires good communication and investment to achieve the intended
effects. “Oi”, a telecommunications company, was based on the simplicity of the “Oi”
greeting always given at the beginning of its communications.

In addition to referentiality, the composition of the name should also be analyzed. It
is divided into Indivisibles, Compounds, Acronyms and Acronyms. The Indivisible
names are already existing words, which cannot be divided or separated. Compound
names are neologisms, completely new words that emerge from onomatopoeia, bits of
words, or the junction of different words. The Lubrax, came from the result of the sum
of the words Lubricant + BR + Grease. The word BR is the representative and
denominative acronym for Brazil. Acronyms are contractions of a name composed of
several words with an excessive dimension that creates difficulties in reading, pro-
nunciation and memory. IBM, International Business Machines Corporation, CNN,
Cable News Network or MTV, Music Television are examples of acronyms. Acronyms
are the result of the union of letters or initials of a compound name, but pronounced as
a single word as the UN, United Nations.
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As mentioned, the organization of the questionnaire follows the subdivision of the
semiotics proposed by Morris in 1937 in the semantic, syntactic and pragmatic cate-
gories. Where he says that semantics is the reflection on meaning; the syntactic are the
principles that control the organization of signs; and Pragmatics is what influences the
recipient in recognizing the message, such as the context in which it is inserted and its
own culture. In the field of semantics, Skaggs [26] states that “meaning” may refer to
what the sign represents or may be referring to an understanding that one has about
what the sign represents. He also states that there are different levels of semantics
depending on the interpretation. For this, as he defines, there are four ways to have an
effect on the receiver of the message. They are presence, expression, denotation, and
connotation. The presence and expression refer to more affective records, that is, more
intuitive, since denotation and connotation refer to more cognitive and intellectual
registers, that is, more influenced by culture, experiences or personal beliefs. In order to
obtain a more concrete result than is represented, we opted to use the Vienna classi-
fication because it is an international system that classifies the figurative elements of
marks. The Vienna classification was established in 1973 and is currently administered
by the World Intellectual Property Organization (WIPO). It is a hierarchical system that
is developed from the general to the particular, classifying the elements of the Brand
Marks into categories, divisions and sections based on their form.

In the field of syntactics, such as Delahunty [27] reference in their master’s thesis,
brands have to adapt constantly due to technological advances, originating identity as if
they were living organisms, being able to have a new expression with each passing day.
Hewitt [28] recognizes that the first metamorphic label was created by the Swiss Karl
Gerstners in the 1950 s for a record store in Basel called “Boite a Music”. Many
authors have already reflected on these new ways of communicating brands. Kreutz
[29], gave rise to the identification of the type of “mutant brand”, Irene van Nes [30]
called it “dynamic identity”, Leitdo [31] gathered these and other observations and
concluding that for the creation and continuity of a visual identity system with dynamic
or mutant tags, there must be a structure that provides the identification of the prin-
ciples of morphology, syntax and narrative, providing the identification of the brand.

In order to create this analysis of the Brand Marks, it is important to distinguish the
Brand Marks from its visual identity. Therefore, it was decided to differentiate between
metamorphic and stable brands, and metamorphic brands refer to the brand graphics
with more than a graphic representation, contributing to their system of visual identity,
and stable brands refer to brands with only one visual representation of the Brand
Marks, and may have variants in the composition structure but not in its representation.
According to Costa [32], the Brand Marks may consist of the symbol, logo or a mix.
The graphic sign can be made up of the logo that is a linguistic or readable form that
derives from a typography; from the symbol which are iconic, geographic or abstract
forms that represent visually replacing words; or both together.

In terms of colors Poulin [33] organizes them by categories: primary colors, sec-
ondary colors, tertiary colors, complementary colors, monochromatic colors, analogue
colors, triadic colors and quadratic colors.

If the anatomy of the Brand Marks is so important to us, it revolved out to detail the
areas of the logo and the areas of the symbol. In the logo and according to Meseguer
[34] the calligraphy is the art of writing with beautiful letters, formed by traits that
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Fig. 1. Brand Marks’ analysis sheet based on Semantics and Syntactics levels

characterize personal writing. In contrast, lettering is drawn and not written. “In the
field of typography, we use the term calligraphy for forms produced by handwriting
and lettering for drawn forms. Therefore, calligraphy is written, and lettering is
drawing.”
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According to the authors Dabner, Stewart and Zempol [35], both the logo and the
symbol may originate in design or redesign. Design consists of creating a new concept
with a new image while redesign consists of updating, contextualizing or improving the
concept and image of the company. Leborg [36] and Coelho [21] refer that the con-
struction of both the logo and the symbol resort to activities such as rotation, repetition,
fragmentation, reflection, overlap, integration, union, stylistic change and omission.
The rotation arises when an object/element rotates, moving about a point or an axis,
and its movement can be circular or elliptical. Repetition occurs when several elements
with a single characteristic between them are placed and arranged in a composition.
The repeated element can thus be considered by its shape or repetition of its size.
Fragmentation can be considered as a subtraction of an element. This occurs when one
part of the element overlaps another and is subtracted from the main element, creating
fragmentation. Reflection occurs when an object or element is rendered symmetrically
from a vertical or horizontal axis. Overlap occurs when parts of an object lie above
parts of another object. The overlap appears in the first element over the second.
Integration or union is when two visual elements overlap and visually become a
composite form, representing only a new element. The combination arises when one
element changes its shape because of another element, being influenced to its modi-
fication of the form.

The omission of an object appears based on the negative and positive having as
reference values the opaque and transparent, light and dark, convex and concave, solid
and hollow. The stylistic change is considered a modification and/or variation. The
modification consists of a small change of an element without losing its basic char-
acteristics. A variation can be considered by the repetitions with variable changes of
scale/displacement, height or width. We also verified that there was a need to integrate
other elements such as kerning, only for the logo, and extension for both cases. The
extension consists of an extension of a visual element such as the terminal of a letter
and the kerning consists of the adjustment of the spaces between letters.

In the logo there may still be a third option of its origin. This consists of the absence
of typographic alteration, using an existing source and not making any changes. Also,
in the more detailed scope of the logotype, the typographic form is currently made up
of classes based on the division made by the International Typography Association -
ATyP in 1962 and Maximilien Vox in 1954 [37]. A classification of nine types was
proposed, where the main characteristics were grouped based on the centuries in which
they were created. In 2010, ATyplI updated its rating. The typographical classification
in the class Classicals we group the Humanist, Garalde and Transitional; In the class
Moderns we group the Didone, Mechanistic and Linear and within the last class we
have Grotesque, Neo-Grotesque, Geometric and Humanist; In the Calligraphic class we
have the Glyphic, Script, Graphic, Blackletter and Gaelic; Finally, we have the Non-
Latin class.

For both cases the shapes, as Poulin [33] points out, can be solid or contoured,
opaque or transparent, smooth or textured. Both Poulin [33] and Leborg [36] further
point out that there are three categories of forms: Geometric shapes that are based on
mathematical formulas related to the point, line and plane, and their contours are
regularized, angular or straight; Organic forms that are created from nature and are
usually jagged and smooth; Random forms are created from the imagination and have



The Brand Mark Competitors Map as Visual Research Tool 99

no sense of order. Poulin [33] goes further, reinforcing the idea that there is a difference
between the term’s “shape” and “form”. The “shape” is related to the two-dimensional
forms and the “form” with the three-dimensional forms.

In the detailed scope of the symbols, Lupton [38] states that the sign can be divided
into three basic types: icon, symbol and index. An iconic sign possesses physical
resemblance to the idea it represents. An arbitrary/symbolic sign is an abstract symbol,;
its representative form bears no resemblance to its meaning. An index directs the idea
to its object but does not represent it in an abstract or pictorial way. If we think of a
chair as an object and analyze it as to its typology of sign, we will define that: the
design of the chair is iconic; the written word CHAIR is an abstraction that has no
similarity to the object nor does it sound like it; and the shade of the chair or a desk are
indexes of the chair.

The scale of iconicity used was proposed by Laginha, Raposo and Neves in 2016
[39], who compiled all the information that several authors had previously carried out
on their scales of iconicity. To validate their scale, they tested it with the evolution of
some well-known brands, namely Apple, Shell, Peugeot and Quaker. Concluding that
the scale proposed by them allows us to perceive that these Brand Marks benefit from
artificial appearance and formal exaggeration, contrasting with the environments in
which they are used and analyzed.

Helmann [22], refers to the terms chosen here to characterize the forms of cir-
cumscription, addition, transposition and omission used in the Brand Mark.

In the forms of Helmann circumscription, he explains that the metaphor, which
means in Latin “to carry a meaning”, is composed of 3 parts. “(A) The intended
meaning or tenor, (1) what is actually said or vehicle, and (A1) the point of comparison,
which creates an analogy between (A) and (1).” Thus, creating a new way of conveying
the same meaning, being that it is necessary to interpret in same way of transmitting
what is said.

The metonymy from Latin means “denomination”, and for the author the meto-
nymy consists of two parts: “the actual term (A) and the related term that is used
instead (B). In a casual relationship, the cause may be stated while the effect is meant or
vice versa. There are two ways to relate to each other: using the inventor to represent
the invention or the raw material to represent the product, or vice versa.”

The brand of an entity contains in its Brand mark a figurative aspect which has a
casual or spatial impact, or which has a temporal relationship with that entity itself.
Thus, metonymy is used to transcribe factual characteristics of the detaining entity. The
synecdoche has its origin in the Greek language meaning “simultaneous understand-
ing”. Unlike metonymy, synecdoche is only representative in that one part represents
the whole, or the whole can represent a part. In a Brand Mark, the word of the logo may
represent part of a product or service, thus representing the whole or vice versa. Or the
symbol can also play that role.

Onomatopoeia comes from the Greek language and means “to compose a sound”.
In a Brand Mark the onomatopoeia is represented as the way of presenting the sounds
as they appear naturally. The emphasis in Greek means “image, appearance.” In a
Brand Mark, it is the way the letters or words gain prominence in front of the others,
with change of colors, shapes or accentuation. In Greek euphemism means, “the use of
words for a good omen.” In Brand Marks, euphemism is widely used in symbols, using
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elements and/or objects to positively illustrate brand identity. Hyperbole also comes
from Greek and means exaggeration. In Brand marks, hyperbole manifests itself with
the disproportionality of certain forms/shapes, letters or words.

In addition forms Helmann [22] explains that alliteration, which means “nearest
letter of alphabet” in Latin, is usually the repetition of the first sound consonant in a
sentence. In the Brand Marks, the common one is to observe the symbol composed by
the first letter of the logo. The anaphora, which means in Greek “to load”, is trans-
mitted, in the Brand Marks, by the repetition of the few letters of the logo in the symbol
or by the repetition of the letters in the logotype forming a symbol. The polyptoton
comes from the Greek and means “numerous cases”. Its manifestation in Brand Marks
is the use of the same element, repeating it in different ways. The diaphora means in
Greek, “difference, in separation.” In Brand Marks are letters of the logo that are
highlighted and repeated along the Brand Mark. The Climax and the anticlimax has as
meaning “graduated ascent” in Greek. Its way of representing in Brand Marks is the
increase or the diminution of some elements that compose the logo. Helmann [22]
explains that the parenthesis, which means “put to the side” in Greek, can be repre-
sented in Brand Marks by the addition of letters, shapes or colors in the logo. The
anastrophe, which comes from the Greek language and means “turning back”, is the
representation of distorted or mirrored lefts in the logos.

In the forms of omission, the same author refers to the ellipse, which in Greek
means “omission” as a convention form for Brand Marks that omit letters or parts of
letters or parts of symbols.

To conclude this proposal, we have the Pragmatics which, as previously mentioned,
it is what influences the recipient to recognize the message. Therefore, we opted for
more open questions, where we intend to perceive what was perceived by the inter-
preter in relation to the name and in relation to the entire Brand Mark.

S Previous Results and Next Steps

The results of the panel of experts indicate that, although widely discussed in the
specialized literature, several concepts generate problems of understanding. In this
sense, the inclusion of a brief definition and the use of graphical examples proved to be
relevant for the homogeneity of results.

The division of Brand Marks analysis into Semantic, Syntactic, and Pragmatic has
been assertive, although data on Pragmatics are not yet available. It was possible to
define identification and analysis parameters of the Brand Marks’ infra-signs, allowing
for the detection of common denominators.

We are aware of the limits of the analysis form with regard to the comprehension of
each parameter, as well as the need to include Pragmatic analysis. There remains a need
to ensure a precise practice-oriented terminology that allows the use of the tool to be
standardized.

However, the organization of the parameters in an analysis sheet allows combining
concepts from different domains (e.g. trademark registration, rhetoric, etc.), using them
in the inquiries or the analysis of Brand Marks.
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The next step will be to develop a functional prototype at the level of Pragmatic

analysis. In addition, it seems relevant to consider including processes of Computer
Vision and related fields such as Machine Learning and Deep Learning, in the
recognition, categorization and analysis of Brand Marks.
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Abstract. As the core element of the public oriented sign system, graphic
symbols play an important role in People’s Daily life. This study explores the
humanized design of the boundary dimension of graphic symbols from the
perspective of ordinary users. Thirty subjects were recruited for the experiment,
and the boundary size design of graphic symbols had 7 levels. The results
showed that people did have an obvious preference for the boundary size design
of graphic symbols.
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1 Introduction

With the development of economy and the change of people’s living pattern, the space
environment of human being is becoming more and more complex. Public oriented
sign system plays an important role in people’s cognition of new environment. As the
core element of the guiding identification system, graphical symbols also become an
effective means of visual communication for people to quickly remember a place or
location. Compared with text, graphical symbols in the promotion of memory and
communication, eye-catching has a clear advantage. As a symbol to convey informa-
tion to the public without professional training, graphical symbols of public informa-
tion are widely used and are attracting more and more attention from researchers.
Rousek et al. analyzed a series of graphic symbols of medical care and investigated
the influence of color contrast and complexity of these graphic symbols on normal and
visually impaired people [1]. Xiang et al. investigated and studied the understanding
degree of public graphic symbols of Guangzhou subway, and found that the under-
standing degree of some existing public information graphic symbols was low [2].
Taking the hospital signage guidance system as the research object, Gong analyzed the
application status and existing problems of graphic symbols in the hospital signage
guidance system through the field investigation of several hospitals [3]. Zhang theo-
retically discusses the methods and significance of emotionalized representation of
graphic symbols [4]. In his master’s thesis, Ma studied the influence of the size of
graphic symbols on the identification and aesthetics under different visual distances.
Some studies focus on the standardization of graphic symbols [5]. Mou et al. demon-
strated the necessity of standardization of urban public information graphic symbols by
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analyzing and comparing the symbol systems of Chinese and foreign cities [6]. Chen
et al. analyzed the current situation and existing problems of the standardization of
graphic symbols of negative form public information from the aspects of confusion in
use, rationality of existence and positioning of meaning, proposed standardization
principles and basis, and put forward suggestions on the revision of current symbols in
national standards [7]. Zhang et al. reviewed and prospected the series standards of
public information graphic symbols for signs in China, and introduced the main tech-
nical methods used in the revision of the standards, the comparison with international
advanced standards, and the application and promotion of the standards [8].

Well-designed graphic symbols should not only meet the basic functional
requirements, but also optimize the user experience. Horton systematically summarized
six design principles of graphic symbols from the perspective of ergonomics: Under-
standable, Importance, Distinct, Memorable, Size, Attractive [9]. Barr et al. defined
whether the graphic symbol design was successful or not [10]. ISO2 9186 stipulates
that symbols with 66% accuracy can successfully convey their meanings [11].

Previous studies on public-oriented graphic symbols are mostly theoretical dis-
cussions, there are some researches on the structure and size of graphic symbol body
[12—14], but few on the size of symbol border. In the related research of imagology, the
border is the most basic visual field and the most important form of image represen-
tation. Border is a kind of spreading information source, which visually gives the
observer a new and concentrated vision space, makes the concept of image more
specific and clearer, and endows the image with a shape, and defines the image’s
“specification” with the absolute size of the image and the relative size of the main part
[15]. This study discusses the boundary size design of graphic symbols from the
perspective of ordinary users, based on the user-centered design idea, it is hoped that
the objective data can be used to obtain the design requirements for the visual frame
size of graphic symbols to optimize the user experience.

2 Methods

2.1 Materials

After elemental analysis of symbols in common information graphic symbol standards,
four types of graphic symbols with different shapes (square, circle, horizontal length
and vertical length) were selected as experimental materials. In order to exclude the
influence of color on the cognitive processing of graphic symbols, the selected graphic
symbols are all black and white images. The complexity and familiarity of graphic
symbols are also important factors affecting their cognitive processing. All graphic
symbols are processed into a black graphic with a white background whose boundary
size were different by using professional drawing software. Boundary size is the
minimum distance between the graphic symbol and the border. Boundary dimensions
for each graphic symbol are 7 levels: 85, 82.5, 80, 77.5, 75, 72.5, 70 (see Fig. 1).
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Boundary size

(a)

i i i i i

Fig. 1. (a) Graphic symbol boundary size schematic diagram (b) 7 levels of boundary
dimensions

2.2 Experimental Design

A two-factor within subject design was adopted, the independent variables were
symbol category (4 levels) and boundary dimension (7 levels). 7 levels of boundary
dimension of each graphic symbol were presented at the same time. In order to exclude
the experimental order effect, all images were presented completely randomly.

2.3 Experimental Environment and Equipment

The experiment was carried out in a laboratory with a stable lighting environment
(illumination level around 3001lx). The equipment included a laptop (which was used
for experimenter to control material presentation and key response) and a large-screen
LED display (which was used to stimulate material presentation for the subject). The
experimental materials were programmed with e-prime software and projected directly
on the LED display screen through the laptop. The subjects were asked to choose one
of the seven boundary sizes with the most harmonious distance between the border and
the graphic symbol, and then reported it orally. According to the calculation relation
between the size of graphic symbol and observation distance specified in the standard
[16], the observation distance is determined to be 1 m, where the subjects could see the
graphic symbols in detail.

2.4 Subjects

Thirty adult subjects (15 males and 15 females) aged from 18 to 60 (39.2 £ 13.3 yrs.),
with normal vision or corrected-to-normal vision (visual acuity of 4.8 or above),
participated in this experiment. Mean age M = 39.2 (SD = 13.3). Details of the sub-
jects are shown in Table 1.
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Table 1. User information table

Category | Group Number of people
Sex Male 15

Female 15
Age 18-30 yrs | 10

31-50 yrs | 10

>50 yrs 10

2.5 Experimental Procedure

The experiment was conducted separately. After entering the laboratory, the subjects
were first tested for vision, and those with normal vision or corrected vision could
participate in the experiment. Then fill out the basic information form. After that, the
subjects were asked to sit in the designated position of the experiment and began to
read the instructions on the screen of the large-screen LED display silently. Participants
indicated after reading, then the experimenter illustrate the meaning of the instructions
again, to ensure that the participants understand the experiment process correctly.
Further, the experimenter stressed that “each group of seven graphic symbol has just
differences in the boundary size. Please oral presentation which one is the most har-
monious and beautiful, then tell me”. Practice test was conducted out to ensure that the
subjects can understand and master the experimental process. After the exercise, the
subjects were asked to explain the selection criteria, and once again to emphasize the
most harmonious and beautiful selection graphic symbol in the white background box.
Finally, start the formal experiment. The experimental procedure is shown in Fig. 2,
and the whole process lasts about 20 min.

The end

rest

stimulus

Meaning of
Time graphic symbol

instruction

Fig. 2. The e-prime procedure

3 Result

According to the selection of the subjects, the percentage of the number of people in
each boundary size for each type of graphic symbols was counted as an indicator of the
experiment. As shown in Table 2, four types of graphic symbols are chosen by a large



Boundary Dimension Design of Graphical Symbols 107

proportion of boundary size of 80. A repeated ANOVA result showed that there was no
main effect for graphic symbol margin profile category, F (3,87) = 2.689,
p = 0.078 > 0.05. Then variance analysis was carried out for different boundary sizes,
and the results show that boundary size has main effect, F (6,498) = 152.143,
p = 0.00 < 0.01. Further, the LSD post hoc test results (see Table 3) showed that the
percentage of the number of people in size 80 was much more than any other size. The
results indicate that people do prefer the boundary size of graphic symbols, and this
preference has nothing to do with the contour of symbols.

Table 2. The average percentage of the number of people of each boundary size for different
types of graphic symbols

Category | Size 70 | Size 72.5 | Size 75 | Size 77.5 | Size 80 | Size 82.5 | Size 85
Square 9.2 10 17.5 19.7 30 8.3 5.3
Horizontal | 5.8 7.6 222 17.1 28.1 11.7 7.5
Vertical | 4.5 6.5 20.2 16.6 29.1 13 10.2
Circle 5.8 5.4 21.7 17.9 333 5.8 10

Table 3. The P-value of the LSD post hoc test on the boundary size

Boundary size | LSD post hoc test result
70172.5(75 |77.5|/80 |82.5 85
70 .046 /.00 .00 |.00|.00 |.004
72.5 .00/.00 |[.00.00 |.229
75 .002|.00|.00 |.00
77.5 .00/.00 |.00
80 .00 |.00
82.5 .003

4 Discussion and Conclusion

The experimental results show that people have a general preference for the design of
symbolic boundary size. Based on the symbol type and experimental control in this
study, we conclude that when the distance between the graphic symbol and the border
is 80, which can achieve the most harmonious and beautiful visual requirements. When
the boundary size is too large, relative to the border, graphic symbols were not
prominent enough for visual searching, while when the boundary size is too small, the
graphic symbol looks like too full, and the boundary is not clear. The results of a study
in cognitive psychology in Japan showed that visual images with white space are more
likely to attract public attention [17]. Therefore, we propose that appropriate white
space is a very important visual design element of graphic symbols.

As an important carrier of information expression, graphic symbols play an
important role in the cognitive processing of information. Cognition and emotion are
interrelated and inseparable from beginning to end. Well-designed graphic symbols can
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enhance users’ understanding of graphic symbols and bring people a sense of beauty
visually.

Among the information that modern people get from the outside world, the pro-
portion of visual component accounts for 74% to 80% of the total [18]. In the context
of visual design in the development of mature, requires that the designers fully
understand the visual psychology of people, with a unique artistic creation will have to
convey the image connotation, text information into a more rational arrangement, in
order to use the appropriate ratio to design graphic symbol carefully each part of the
visual elements, make people feel harmonious pleasure when using graphic symbol.
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Abstract. The study assesses the detectability design of coins produced by
Bangko Sentral ng Pilipinas. Two sets of coins are currently in circulation: the
Bangko Sentral ng Pilipinas and the New Generation Currency Coin Series.
Three types of timed detection tests were performed under controlled conditions
to measure effectiveness (accuracy) and efficiency (duration) in detecting coins.
These tests differ in sense/s used to detect the coins: visual only, tactile only, and
both visual & tactile. Results show that BSP coins are generally easier and faster
to identify than NGC coins. Furthermore, subjects find it easier to detect the
obverse side of coins compared to the reverse. When using the visual sense only,
subjects respond faster as compared to only using the tactile sense, and show no
significant difference when using both visual and tactile senses. Thus, the tactile
design features of the coins may be ineffective for detectability.

Keywords: Coins - Currency * Design + Detectability -
Bangko Sentral ng Pilipinas

1 Introduction

1.1 Background of the Study

On March 26, 2018, Bangko Sentral ng Pilipinas (BSP) launched the New Generation
Currency (NGC) Coin Series. It is common practice among central banks to redesign
currency every 10 years to guard against counterfeiters, and the previous design had
already been in place for 25 years [1]. According to BSP, the newly designed coins
were thoroughly examined through an extensive and in-depth study by two of their
committees: the Numismatic Committee and the Currency Management Committee.
These were then reviewed by the Monetary Board and approved by the President of the
Philippines [2].

Two sets of coins are currently in circulation. The BSP Coin Series issued in 1995
has 7 denominations: the 10-Piso, 5-Piso, 1-Piso, 25-Sentimo, 10-Sentimo, 5-Sentimo,
and [-Sentimo. These denominations are composed of varying materials such as
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Copper-plated steel, Brass-plated steel, Nickel-plated steel, Copper-Nickel, and
Aluminum-Bronze [3]. The other set is the NGC Coin Series, which was met with
public criticism upon its release due to the difficulty in detecting and distinguishing the
design of some denominations [4]. In particular, these denominations are the 10-Piso,
5-Piso, 1-Piso, 25-Sentimo, 5-Sentimo, and 1-Sentimo. All 6 types of NGC coins have
the same metallic silver color, Nickel-plated steel material, and circular shape. The use
of such material is attributed to its wear and corrosion resistance capabilities [5].

According to BSP, the coins may differ in both obverse (heads) and reverse (tails)
design elements, edge profile, thickness, diameter, weight, shape, and color/material for
each denomination. Therefore, the tests to be conducted will also be structured under
three cases based on the sensory modalities which recognize these elements: (1) visual
only, (2) tactile only, and (3) both visual and tactile. To consider both younger adults
and older adults, the participants for the study will be divided into two age groups: 18—
49 years old and 50 years old and above. Additionally, since the visual aspect is a
significant factor in the study, subjects will be classified into with (VI) and without
visual impairment (NVI).

The design of the coins in circulation affects all citizens who deal with day-to-day
transactions, especially low-income workers (i.e. jeepney drivers, street vendors, tri-
cycle drivers) who primarily receive payment in coins.

1.2 Problem Statement

There is a lack of ergonomic assessment on the detectability design of the New
Generation Currency (NGC) and Bangko Sentral ng Pilipinas (BSP) Coin Series of
Bangko Sentral ng Pilipinas.

1.3 Objectives of the Study

This study aims to evaluate the detectability design of coins in current circulation,
particularly with the following objectives:

1. To analyze the differences in effectiveness and efficiency of the coins with regard to
series and face.

2. To analyze the differences in effectiveness and efficiency of the coins with regard to
the subject’s age group, visual-impairment, and sense/s used in detection.

3. To identify denominations/faces with low detection accuracy and the coins they are
commonly interchanged with.

4. To assess user satisfaction scores on the effectiveness, efficiency, and overall use-
fulness of each design feature as perceived by the subject.

5. To determine the dominant design features detected by the subjects.

2 Method

The experiment involves two parts: (1) a timed detection test and (2) a questionnaire to
be answered by the subject afterward.
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Before conducting each test, the coins were given to the subjects to observe. While
doing so, they were told to notice the differences in obverse design, reverse design,
color, edge profile, diameter, weight, thickness, and shape. This was to ensure that none
of the design features were overlooked. All tests were conducted under controlled
lighting (white light), noise, and temperature. Visually-impaired subjects wearing
glasses or corrective lenses were asked to remove them before the experiment.

2.1 Timed Detection Test

Three different testing procedures were conducted to measure the detectability of each
coin. Each test refers to the sense/s used by the subjects. Each test had a total of 32
participants in order to satisfy the assumption of normality (more than 30 samples) in
conducting a paired t-test and ANOVA.

A. Visual Test

a. Each of the 24 faces were presented once at random at a uniform distance of 5
in. from the edge of the table. The table was covered with a nude cloth to
account for color contrast with respect to the palm.

b. The subject was then asked to identify the denomination and series of each coin
without touching it.

c. If the first response was correct, the time was recorded. If the first response was
incorrect, the answer was noted.

B. Tactile Test

a. The subject was asked to wear a blindfold and sit with their dominant palm
facing upward.

b. Each of the 11 coins were placed on the subject’s palm at random.

c. The subject was then asked to identify the denomination and series of each coin
presented once.

d. If the first response was correct, the time was recorded. If the first response was
incorrect, the answer was noted.

C. Visual & Tactile (V&T) Test

a. The subject was asked to sit with their dominant palm facing upward.

b. Each of the 11 coins were placed on the subjects palm once at random. The
subjects were allowed to view and feel the coin with only their dominant hand
at any height comfortable to them.

c. The subject was then asked to identify the denomination and series of each
coin.

d. If the first response was correct, the time was recorded. If the first response was
incorrect, the answer was noted.

2.2 Questionnaire on Design Features

The subject was asked to answer a questionnaire on the design features of the coins in
general. The following instruction was given:
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“The following is a list of design features that vary among the coins initially presented to you.
Please rate each of the following statements on how much you agree with it. Encircle the design
feature that helped you the most in identifying the coins.”

Each questionnaire contains only features relevant to the assigned Time Detection
Test (i.e. Visual, Tactile, V&T). Under each design feature, three statements describing
its effectiveness, efficiency, and overall usefulness were listed.

A rating scale was provided for each statement found in the questionnaire:

1. Strongly agree (+3) 5. Slightly disagree (—1)
2. Agree (+2) 6. Disagree (-2)

3. Slightly agree (+1) 7. Strongly Disagree (-3)
4. Neutral (0)

Finally, the subject was instructed to encircle the design feature that helped them
the most in identifying the coins in each test.

After the experiment, the percentage accuracy and mean duration for each face and
denomination were computed. Minitab software was used to compare these values
using a paired t-test and ANOVA, respectively. For each denomination under each test,
incorrect answers were tallied with regard to demographic.

From the questionnaire, the mean scores of each design feature were determined per
test. These were ranked from highest to lowest. The dominant design features selected
by the subjects were also tallied.

3 Results and Discussion

A total of 74 participants were tested, within which 32 participants were assigned for
each of the three tests conducted. Some participants were allowed to undergo two tests.
This was done if and only if one was a Visual Test and the other was a Tactile Test, in
order to avoid an overlap in sensory modalities.

3.1 Questionnaire Results

The following tables present the effectiveness, efficiency, and usefulness rankings of
design features for each test, obtained from the questionnaire (Tables 1, 2 and 3).

Table 1. Ranking of visual test features

Rank | Effectiveness Efficiency Usefulness
1 Color/Material Color/Material Color/Material
2 Obverse Design | Obverse Design | Obverse Design
3 Diameter Diameter Diameter
4 Shape Shape Shape
5 Reverse Design | Reverse Design | Reverse Design
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Table 2. Ranking of tactile test features

Rank | Effectiveness Efficiency Usefulness
1 Diameter Diameter Diameter
2 Shape Shape Shape
3 Weight Weight Weight
4 Thickness Thickness Thickness
5 Edge Profile Edge Profile Edge Profile
6 Obverse Design | Obverse Design | Obverse Design
7 Reverse Design | Reverse Design | Reverse Design

Table 3. Ranking of V&T test features

Rank | Effectiveness Efficiency Usefulness
1 Obverse Design | Obverse Design | Color/Material
2 Color/Material | Color/Material | Obverse Design
3 Diameter Diameter Diameter
4 Shape Shape Shape
5 Weight Weight Weight
6 Thickness Thickness Reverse Design
7 Reverse Design | Reverse Design Thickness
8 Edge Profile Edge Profile Edge Profile

As displayed by the tables above, the dominant design features for the Visual Test
are color/material and obverse design. The dominant design features for the Tactile
Test and V&T Test are diameter and obverse design, respectively.

3.2 Analysis of Differences

The percentage accuracy and duration values obtained from the experiment were
compared with regard to certain factors. The following tables display paired t-test
results for accuracy as well as ANOVA results for duration (Table 4).
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Table 4. Ranking of V&T test features (BSP & NGC)

Test Visual Test Tactile Test V&T Test
p 0.002 0.120 0.007
Paired t-test BSP Accuracy 94.69 £ 5.11 % | 65.00 +20.66 % | 99.38 +1.40 %
NGC Accuracy 70.63 +18.17 % | 51.88 +18.83 % | 91.25+2.61 %
p 0.001 0.117 0.003
ANOVA BSP Duration (s) 2.86 + 1.35 6.66 +3.36 2.56 +1.04
NGC Duration (s) 3.51+2.05 7.41£4.53 2.98 +1.48

As depicted above, BSP coins have a significantly higher percentage accuracy than
NGC coins in the Visual Test (p = 0.002) and the V&T Test (p = 0.007). This is also
consistent with the ANOVA results which show that BSP coins are detected signifi-
cantly faster than NGC coins in both Visual (p = 0.001) and V&T (p = 0.003) Tests

(Table 5).

Table 5. Face (obverse & reverse)

Test
p 0.007
Paired t-test Obverse Accuracy | 90.31 +10.57 %
Reverse Accuracy | 71.88 £ 19.54 %
p 0.798
ANOVA Obverse Duration (s) 3.17+1.86
Reverse Duration (s) 321+1.92

The table above shows that coins are significantly (p = 0.007) easier to detect when
the obverse side is shown as compared to the reverse, although they generally have the

same speed of detectability.

Table 6. Age group (1849 & 50+)

Test Visual Test Tactile Test V&T Test
p 0.000 0.661 0.640
Paired t-test 18-49 Accuracy 87.22+14.50 % | 57.95+18.77 % | 96.02 +5.78 %
50+ Accuracy 77.84421.80% | 56.25+21.83 % | 94.89+6.14 %
p 0.000 0.777 0.000
ANOVA 18-49 Duration (s) 2.78 +1.40 6.90 + 3.68 2.37+1.11
50+ Duration (s) 3.98 + 2.60 7.05+4.16 3.12+1.30
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From Table 6, it is shown that younger adults are both significantly more accurate
and faster in detecting coins than older adults (p = 0.000) in Visual Tests. They are also
significantly faster in V&T Tests (Table 7).

Table 7. Visual impairment (VI & NVI)

Test Visual Test Tactile Test V&T Test
p 0.097 0.806 0.588
Paired t-test VI Accuracy 79.26 £21.94 % | 56.25+21.47% | 94.89 +6.14 %
NVI Accuracy 858+ 17.38% | 57.95+23.23% | 96.02 +5.06 %
p 0.419 0.260 0.400
ANOVA VI Duration (s) 3.25+1.69 7.28+4.34 2.80+ 1.44
NVI Duration (s) 3.13+2.05 6.66 +3.39 2.68 + 1.06

For all tests, there is no significant difference in accuracy and duration between
subjects who are and are not visually impaired, regardless of the test they have taken.

Table 8. Sense (visual only & tactile only)

Test
p 0.001
Paired t-test Visual Accuracy 91.19 + 10.44 %
Tactile Accuracy 57.10+19.37 %
p 0.000
ANOVA Visual Duration (s) 3.11 +1.69
Tactile Duration (s) 6.97 +3.89

It is shown by Table 8 that subjects generally perform better in terms of accuracy
(p = 0.001) and duration (p = 0.000) in Visual Tests than in Tactile Tests. Thus, the
results from the Visual Test were compared to V&T Test results, presented in the
following table (Table 9).

Table 9. Sense (visual only & V&T)

Test
p 0.133
Paired t-test Visual Accuracy 91.19 £ 10.44 %
V&T Accuracy 95.45 +4.50 %
p 0.059
ANOVA Visual Duration (s) 297+£1.71
V&T Duration (s) 2.74 £1.26

There is no significant difference observed in accuracy and duration between Visual
and V&T Tests.
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3.3 Effectiveness Breakdown of Denominations

Results are divided into three sets representing each timed detection test. The following
section contains figures which depict the distribution of subject responses for
denominations with the most percentage error (determined through a Pareto Chart),
with indicators of age and visual-impairment.

3.3.1 Visual Test

The figure below shows a 68.75% accuracy for the 1-Piso NGC denomination. Its mean
duration of detection is 3.08 s. Meanwhile, 18.75% of subjects interchanged this coin
for the 5-Piso of the same series, 7.81% responded that it was a 1-Piso of the other
series. Lastly, 4.69% thought it was a 25-Sentimo NGC coin. Most of the error comes
from older and younger adults who are visually-impaired (Fig. 1).

100.00
90.00
80.00
70.00
60.00 50+ NVI
50+ VI
50.00 w18-49 NVI
40.00 m 18-49 VI
u General
30.00
20.00
10.00 .
0.00 | — —
1 NGC 1 BSP 5 NGC 0.25NGC

Fig. 1. Visual test responses for 1-Piso NGC

The 25-Sentimo NGC coin is detected with a mean duration of 4.49 s. The fol-
lowing figure shows a 57.81% accuracy for this denomination, and an error of 35.94%
for subjects who responded that it was a 1-Piso of the same series. Other incorrect
responses were the 25-Sentimo BSP (4.69%) and 5-Piso NGC (1.56%). Majority of the
error comes from visually-impaired adults (Fig. 2).
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Fig. 2. Visual test responses for 25-Sentimo NGC

3.3.2 Tactile Test
The following figure shows that majority of the subjects incorrectly identified the 10-
Piso NGC coin, 37.50% responding that it was a 5-Piso of the same series. Only
31.25% were able to answer accurately, and the other responses had been the 1-Piso
BSP (12.50%), 10-Piso BSP (9.38%), 5-Piso BSP (6.25%), and 1-Piso NGC (3.13%).
The mean duration for subjects who were able to answer correctly is 9.42 s (Fig. 3).

100

90
80
70
60
50
40
30
20
10
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= 18-49 NVI
m18-49 VI
m General

10 NGC 10BSP 5BSP 1BSP 5NGC 1NGC

Fig. 3. Tactile test responses for 10-Piso NGC

For the 5-Piso NGC presented in the following figure, 34.38% responded accu-
rately, and the same amount responded that it was a 1-Piso NGC. The mean duration
for correct responses is 7.00 s. Further, 9.38%, 3.13%, and 3.13% responded that it was
a 1-Piso BSP coin, 5-Piso BSP coin, and 25-Sentimo NGC coin, respectively (Fig. 4).
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Fig. 4. Tactile test responses for 5-Piso NGC

3.3.3 Visual & Tactile (V&T) Test

The figure below shows that the 5-Piso NGC coin is detected with an accuracy of
87.5%, and an error of 12.5% which corresponds to responses for the 1-Piso NGC coin.
Half of these respondents were visually-impaired younger adults. The mean duration of
detection for the 5-Piso NGC coin is 3.17 s (Fig. 5).
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Fig. 5. V&T test responses for 5-Piso NGC

Figure 6 presents 25-Sentimo NGC results. It has a mean detection duration of
2.92 s and an accuracy of 90.63%. Subjects who responded that it was a 1-Piso of the
same series made up 9.37%. All of these subjects were aged 50 and above.
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Fig. 6. V&T test responses for 25-Sentimo NGC

4 Conclusion

When only the visual sense is used, BSP coins are easier and faster to identify than
NGC coins. This also holds true when both the visual and tactile senses are used.
Furthermore, it is observed that subjects find it easier to visually detect the obverse side
of coins compared to the reverse side.

Younger adults aged 18—49 years old are able to detect coins more accurately than
older adults aged 50 and above in Visual Tests. Younger adults also have a faster
detection time for Visual and V&T Tests. Additionally, there is no significant differ-
ence observed for effectiveness and efficiency in detecting coins based on visual
impairment. In general, coin detection is faster and more accurate using the visual sense
only as compared to only the tactile sense. However, there is no significant difference
observed in effectiveness and efficiency between using only the visual sense and using
both visual and tactile senses. In conclusion, the tactile design features of the coins are
ineffective for detectability.

For all tests, majority of the detection error came from NGC coins. They were
commonly interchanged with coins which have similar color/material and diameter.

When viewing coins, users generally consider the color/material and obverse
design first. When feeling coins, users initially consider diameter. When both visual
and tactile senses are used, the obverse design is generally considered first.

5 Recommendation

It is recommended that Bangko Sentral ng Pilipinas improve the reverse design of their
coins to increase detection accuracy. It currently has a mean of 71.88% among subjects,
approaching 52.34% at the lowest. Including the value of the coin (even in a smaller-
sized font) may be tested in future design research. In addition to this, BSP should
provide more consideration for the elderly population when designing coin
detectability. They should also reconsider the tactile features of their coin designs if
they want to improve detectability. At its current state, the tactile features provide no
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improvement in the accuracy and duration of detection of the coins. Moreover, Bangko
Sentral ng Pilipinas may need to consider incorporating more variation in the design of
their coins in terms of diameter, obverse design, and color/material, since these features
are primarily considered by most users.

Further studies may be conducted wherein subjects are classified into varying types
and levels of visual impairment in order to discover more about its effect on effec-
tiveness and efficiency of detection. It is also recommended that the 1-Sentimo coins in
both the BSP and NGC series be included in further analyses.

Acknowledgments. The researchers extend much gratitude to their professors, Benette Custo-
dio an Alyssa Jean Portus. They also offer their utmost appreciation for Professor Nikole Andrei
Mallare for all her guidance and patience throughout the course of the project.
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Abstract. In order to research the effects of interactive designs for different car
panels on driving efficiency, the layouts of the current common car dashboard
were investigated and 35 experimental stimulus materials were obtained. Tobii
X2-30 eye tracker was used to perform eye movement test on 30 subjects. SPSS
V21.0 was used to analyze the corresponding data. Results show that the setting
of the speedometer in the middle position has a significant impact on the reading
of tachometer and water temperature meter. The area on the left panel got less
attention and complex color dials get more fixations. The best layout for the
overall reading of the instrument is class-A. Moreover, complex color matching
design can depress the reading efficiency.

Keywords: Interaction design - Eye movement analysis *
Automobile instrument panel * Visual search

1 Introduction

Instrument is an important component that shows the normal operation of the car or the
fault alarm. Some research works are attracted by the distraction and distraction caused
by the in-vehicle information system to the driver [1]. As an important component of
the car [2], its reasonable design layout plays an important role in the driver’s reading
efficiency. For the overall design of the instrument, the problem of encoding the
instrument information such as shape coding, character coding, color coding, position
coding should also be considered. Scholars of China also have relevant conclusions and
explanations on the design requirements of manipulator layout settings, color coding,
warning characters, etc. [3—5]. From the perspective of information coding, the outer
frame structure of the instrument and its size and color, symbol size and its color have a
great effect on the driver’s reading [6]. At present, scholars mainly tend to study the
shape and character encoding of the instrument panel [7, 8], and there are relatively few
considerations for the color and position coding of the instrument panel.
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F. Rebelo and M. M. Soares (Eds.): AHFE 2019, AISC 955, pp. 122-135, 2020.
https://doi.org/10.1007/978-3-030-20227-9_12


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-20227-9_12&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-20227-9_12&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-20227-9_12&amp;domain=pdf
https://doi.org/10.1007/978-3-030-20227-9_12

Research on Optimization of Information Coding 123

Zhang [9] used eye movement technology to study the design of human-machine
interface in aircraft cockpit. Liu [10] simulated aircraft in the cockpit with eye tracker
and touch screen to obtain eye movement and manual data to optimize the ergonomic
design of the aircraft cockpit panel. Sun [11] use eye tracking technology to read the
correct rate and task duration of the vehicle dashboard Indicators such as task search
duration were analyzed.

Therefore, ergonomics test is used to explore the human-computer interaction
design of the instrument panel in order to propose reasonable human-machine interface
design requirements and help drivers to obtain information efficiency and reduce driver
distraction and inattention.

2 Method

2.1 Experimental Design

This experiment adopted the two-factor four-level design method, that is, the inde-
pendent variable - “dashboard layout design x color design”, the dependent variable -
“reading speed x eye movement indexes”, and analyzed the influence of the inde-
pendent variable factor on the dependent variable. After investigation on the common
car dashboard, the classification according to the frequency of each types of dashboards
were summarized. The dashboards including 4 different layout designs and 4 different
color schemes were obtained, and Adobe Illustrator was used to design the dial so that
35 dashboard analog pictures - experimental stimulus materials were obtained and
readings were set on each dashboard. The subjects were required to complete the
reading of the pointer on the instrument panel independently. The task completion time
and visual search duration, reading time, eye movement data were collected in the
process and the subjects were not be disturbed. The screen brightness and indoor
illumination were stable and the distance between the subject and the screen was 0.55—
0.65 m.

2.2 Experimental Equipment

The equipment for experiment includes hardware and software. The hardware is the
Tobii X2-30 eye tracker, and the software includes a human-machine-environment
synchronization platform system and a data analysis system. The eye tracker was used
to capture the eye movement trajectory of the subject. The eye movement data of the
subject was recorded in conjunction with the human-machine-environment synchro-
nization platform system.
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2.3 Experimental Subjects

32 college students and teachers were invited to participate in this experiment, and 2 of
them were unable to take part in due to severe astigmatism. Therefore, 30 subjects (23
students and 7 teachers) were effective. The ratio of male to female was 1:1, and the
overall age was between 20 and 45 years old. There were 12 drivers with driver’s
license and driving experience, 8 with driver’s license but no driving experience, 10
without driver’s license. The experiment requires a right hand, normal vision or cor-
rected vision, no serious astigmatism, and good health. Since most of the subjects are
college students and young teachers, the results are more suitable for young drivers.

2.4 Experimental Materials

In the current car dashboard design, there are four types of instruments: speedometers,
engine tachometers, fuel gauges and water temperature gauges. According to the
position of the instrument, four different typical layout schemes were summarized. In
order to facilitate the distinction and description, the different dashboard layouts were
named A, B, C, D class design (see Fig. 1). Adobe Illustrator software was used to
simplify the processing of the instrument panel, and 35 (from 1-35 sequentially
numbered) simulated images were obtained as test stimulus materials.

Class-C Design Class-D Design

Fig. 1. Simplified dashboard design

In order to eliminate the design elements unrelated to the test variables, the size,
line width, division value, scale and pointer of dial were unified. The background color
of the instrument panel was uniformly set to black. Except the pointer of picture
No. 34 was designed to be blue, others are uniformly set to red. The detailed settings of
35 stimulating material are shown in Table 1.
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2.5 Procedure

The test includes three stages: 1. Before the test, explain the test content and precau-
tions to ensure that the subjects understand the purpose and process of the experiment.
2. In the test, each subject only reads one type of instrument at a time; for each reading,
subject can rest for 30 s to eliminate the error caused by the fatigue effect; reading is
not limited by time and accuracy, the subject recognizes at normal speed. 3. After the
test, the participants completed the questionnaire survey, and the main test personnel
saved the data and organized the test site.

2.6 Data Processing

Data processing mainly includes two parts: analysis of the reading duration and eye
movement data.

Search time is the time from scanning dial to find the target dial; reading duration is
the time from the beginning of reading to recognize the dial. The sum of the two is the
total duration of the task. The duration of the search, the reading duration, the total
duration of the task and the number of times of misreading are recorded by the eye-
tracker. According to the results of the experimental records, the data is filtered out, and
the unreliable data is eliminated: the extreme data is eliminated according to the
principle of adding or subtracting 3 standard deviations (M-3SD < Xi < M + 3SD)
[12], where Xi represents the actual data, M(Mean) indicates the mean, and SD indi-
cates the standard deviation. SPSS V21.0 is used to analyze the data.

For eye movement data analyzing, it includes dividing the Area of Interest (AOI),
extracting the number of gaze points in the interest of area, calculating the average
number of gaze times in different areas, and exploring the influence of different areas of
the dashboard on visual search. The visualization function of the data analysis system
obtains the eye movement trajectory of the subject and assists in analyzing the research
conclusions.

3 Experiment Analysis

3.1 Influence of Different Types of Dashboard Design on Reading
Duration

3.1.1 Analysis of Task Duration

Figure 2 shows the search time, reading time and total time of the speedometer in
different layouts. From Fig. 2, the total time and average search time of the C-type
layout design are the shortest, and the total time and average reading time of the B-type
layout design are the longest.
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Fig. 2. Reading time comparison of speedometers

Table 2 shows the reading time of the speedometers for different color schemes.
Among them, the F-type color matching design has a longer reading time, which
indicated that the special color matching design (orange, blue, etc.) has a greater
influence on the reading speed of the test.

Table 2. Reading time order of speedometers

No. | Total Type | No. | Total Type | No. | Total Type | No. | Total Type
time/s time/s time/s time/s

1 1.582 C, |4 |1782 A, 1.884 D, |9 1949 B,
1.594 C, |5 |1.802 A; |8 1910 B, 10 |2.091 F

3 ]1.695 D, |6 |1.867 E

Similarly, the statistical analysis of the tachometer, fuel gauge, thermometer
reading and reading time, the statistical results are shown in Table 3, which shows the
average search time of the class A layout is the shortest and the total task time is also
the shortest. To the fuel gauge and water temperature gauge, the average search time of
the B-type layout is the shortest, while the A-layout has the shortest reading time. A-
class design is the shortest in terms of total mission time.

Table 3. Reading time of different dashboards

Type Tachometer | Fuel | Water Type Tachometer | Fuel | Water
gauge | temperature gauge | temperature
gauge gauge

A | Average 0.877 0.953 | 1.107 C | Average 1.109 1.091 | 0.976
search time search time
Average 1.060 0.882 | 0.785 Average 1.159 1.130 | 0.948
reading reading
time time
Total task | 0.968 0.918 | 0.946 Total task | 1.134 1.111 | 1.062
time time

(continued)
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Table 3. (continued)
Type Tachometer | Fuel | Water Type Tachometer | Fuel | Water
gauge | temperature gauge | temperature
gauge gauge
B | Average 0.956 0.509 | 0.452 D | Average 1.012 1.108 | 1.017
search time search time
Average 0.987 0.933 | 0.865 Average 1.005 0.936 | 1.201
reading reading
time time
Total task | 0.971 1.271 | 1.258 Total task | 1.009 1.022 | 1.109
time time

In summary, when the speedometer is the main target, the C-class layout is the best,
but it is not conducive to the reading of the other three instruments. Considering the
other three instruments, the A or B layout can be chosen.

3.1.2 Difference Analysis of the Total Task Time

Significant difference analysis is carried out for the average task time under different
layouts, different color combinations and special instruments, and the significant level
o = 0.05 was taken.

(1) Different layout of the meter. The average test time of each instrument corre-
sponding to different layout schemes is analyzed. The significance test results are
shown in Table 4.

Table 4. Differential analysis in different layout

Type | Speedometer | Tachometer | Fuel | Water Type | Speedometer | Tachometer | Fuel | Water
gauge | temperature gauge | temperature
gauge gauge
A&B | 0.296 0.972 0.117 | 0.279 B&C | 0.012* 0.009* 0.575 | 0.010*
A&C | 0.135 0.008* 0.311 | 0.000%* B&D | 0.351 0.944 0.273 | 0.784

Note: * indicates P < 0.05 with a significant difference at the 0.05 level.

For the tachometer, water temperature meter, the total task duration of C-class
design is significantly different from the other three layouts. The differences between
the three types of design, such as A, B, and D, are not significant, and C-class design
and the other three types of design are the largest. The difference is that the
speedometer of C-class design is placed in the middle and highlighted. It shows that the
position of the speedometer has a significant impact on the reading of the tachometer
and the water temperature meter, but has no significant effect on the reading of the fuel
gauge. For the speedometer, there is a significant difference between class B and C
instruments, class A and C. The differences between classes, D and C are not signif-
icant. In the previous analysis of the duration of various types of instrument tasks,
when the speedometer is the main target, the C-class layout design is the best, but it is
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not conducive to the reading of the tachometer, the water temperature meter, the
recognition of the tachometer and the water temperature meter. Reading time has a
significant impact, considering the other three instruments for consideration, A layout
is recommended to adopt.

(2) Different color schemes of the instrument. The results of the significance test of
the average task time of the instrument under different color schemes are shown in

Table 5.
Table 5. Significant test results in different color matching
Type | Speedometer | Tachometer | Fuel Water Type | Speedometer | Tachometer | Fuel | Water
gauge | temperature gauge | temperature
gauge gauge
A &A, | 0.871 0.523 0.931 |0.331 C,&C, | 0.887 0.675 0.938 | 0.955
B,&B; | 0.939 0.941 0.043* | 0.753 D,&D, | 0.344 0.868 0.920 | 0.442

The results show that different color matching designs only have an impact on the
fuel gauge, and there is no significant difference in the reading of other instruments.
The specific performance is the color matching design of B1 instruments (white on
black) and B2 instruments (black and gray). There is a significant difference in the
reading of the fuel gauge. With the previous analysis it can be seen that the use of
complex color matching should be reduced in the design, and the easy-to-read color
matching design is selected to improve the driver’s reading speed.

(3) Special instrument analysis. Comparing the instruments with the scale red and the
special color matching with the original image, the significance test results of the
average task total time are shown in Table 6. The water temperature table is not
set in No. 7, 34, 10, and 35 of the special color matching.

Table 6. Significant test results for special dashboard

Factor Picture number | Original | Speedometer | Tachometer | Fuel | Water
number gauge | temperature
gauge
Scale red 29 2 0.353 0.006* 0.133 | 0.608
30 6 0.648 0.121 0.638 | 0.538
31 8 0.696 0.086 0.265 | 0.155
32 14 0.177 0.011* 0.686 | 0.950
Special color | 33 4 0.004* 0.565 0.126 | 0.022%*
matching 34 7 0.004* 0.202 0.209 | -
35 10 0.000%* 0.112 0.159 | -
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It can be seen that whether the meter scale is marked red or not, there is no
significant effect on the reading of the speedometer, the fuel gauge and the water
temperature gauge. The special color matching of the meter has a significant influence
on the reading of the speedometer and the water temperature meter, but to the
tachometer and the fuel gauge it has no significant effect. For the tachometer in A (2,
29) and D (14, 32) instrument layouts, the scale red treatment has a significant impact
on 1t.

3.2 Eye Movement Data Analysis

3.2.1 Influence of Dashboard Layout on the Number of Fixation Points
During the test, the subjects stare at the stimulate material to form the fixation, as
shown in Fig. 3.

WARELRE

Fig. 3. Fixation on the picture

In this experiment, the more the number of gaze points, the more the subject was
unable to determine the target. The attention of subject was attracted by the content of
the dial which indicated that the search and reading efficiency was low. Some areas of
the dashboard are used as the Area of Interest (AOI) and the number of fixation points
are counted in each AOI under different layouts and color matching pictures. As shown
in Fig. 4.
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Fig. 4. Means of the number of fixations of different pictures
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Through the statistical analysis of the number of gaze points of each instrument
under different layouts and color matching, it can be clearly found:

(1) Regardless of the layout and color matching, the number of gaze points of the F-
class picture (that is, the dial of the special color design) is generally more.
Compared with the A-class picture, the speedometer, the tachometer, the fuel
gauge and the water temperature table got more gaze points. The increase was
13.7%, 24.8, 16.4%, and 68.1%, which indicated that the subjects was easy to be
affected by the design and the reading efficiency was also reduced. Among them,
No.33 and No.34 pictures has more than three color and blue color is used. No.35
picture has a special color orange, so it is not advisable to use more than 3 color
schemes and special colors such as blue and orange.

(2) Overall, the design of Class A pictures is conducive to the overall reading of the
instrument. The number of gaze points in the reading process of the speedometer,
tachometer, fuel gauge and water temperature meter are relatively small, and it is
not difficult to find. In the reading of the speedometer, the number of C-class gaze
points is less than the number of A-class gaze points. From the point of view of
the number of gaze points, the use of C-class is more conducive to the reading of
the speedometer. But there is a problem, that is, it is necessary to consider whether
the difference in the number of fixation points between the A and C-class pictures
is significant. If the difference is significant, it is necessary to consider the
influence of the dashboard layout on the driver’s reading. When driving a car, if
the speedometer is considered as an important meter and the driver observes the
highest frequency and has the greatest influence on the driver, it is recommended
to select C-class. If the reading of the other three meters is considered compre-
hensively, it is recommended to select class A because the overall reading of the
meter the Class A layout is the best.

Therefore, the difference analysis is made on the number of gaze points of the A-
class and C-class layouts and the color matching speed, and the significant level is
o = 0.05. According to the analysis, in terms of the speedometer, the difference
between the number of gaze points in the layout and color matching of class A and
class C is not significant (P = 0.135 > 0.05), indicating the choice of class A or class C
layout and color matching speedometer. The reading has no effect. For the tachometer,
fuel gauge and water temperature meter, the number of gaze points in the C-class
layout is 23.5%, 28.7%, and 46.8% higher than that of the A class. Therefore, the
layout and color matching of the A-class is obviously better than that of the C-class. So,
A-class layout and color matching are recommended.

3.2.2 The Impact of Different Areas of the Dashboard on Visual Search

When the panel was read, the instrument panel layout in different areas decided to have
different visual characteristics, so the instrument panel was divided into three areas (left
area, right area and middle area), as shown in Fig. 5.
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Fig. 5. Visual search area division

The average number of fixation for the three regions during the visual search for the
four instruments is shown in Table 7. Average number of gaze in a region equals to the
total number of gaze in the area/total people.

Table 7. The number of average fixation count during the search

Gaze | Area | Speedometer Tachometer Fuel gauge Water temperature
order gauge
Average Proportion | Average Proportion | Average Proportion | Average Proportion
number of number of number of number of
gaze gaze gaze gaze
1 Left 5.80 10.55% 14.43 22.16% 11.87 17.89% 8.83 12.52%
Mid | 14.53 26.44% 9.33 14.33% 11.60 17.49% 11.80 16.72%
Right | 14.37 26.14% 10.87 16.68% 11.03 16.63% 13.97 19.79%
2 Left 1.93 3.52% 2.00 3.07% 3.17 4.77% 5.00 7.09%
Mid 0.37 0.67% 1.53 2.35% 1.20 1.81% 2.13 3.02%
Right | 1.57 2.85% 2.40 3.68% 2.97 4.47% 3.83 5.43%
3 Left 6.93 12.61% 14.00 21.49% 10.47 15.78% 10.80 15.30%
Mid 233 4.24% 0.90 1.38% 4.13 6.23% 4.57 6.47%
Right | 7.13 12.98% 9.67 14.84% 9.90 14.92% 9.63 13.65%

According to the average number of gaze times in the visual search process, it was
found that the first search in the search process was usually the right region, accounting
for 36.29%, indicating that the region was most concerned by the subjects, followed by
the middle. The area, accounting for 34.14%, received the least attention in the left
area, only 29.57%. In the actual driving process, the driver may search in order
according to his own habits on the dashboard. Vehicles of different brands will have
different degrees of difference when setting the dashboard, and the driver’s driving
experience is more sufficient. The habit effect of the vehicle dashboard on the subjects
will be greater. On the contrary, if there is no driving experience or less driving
experience, the reading of the instrument panel is more inclined to daily reading habits
than driving habits or driving experience. Therefore, the speedometer and tachometer
can be set in the middle and right areas of the instrument panel, and the dials (such as
fuel gauges and water temperature gauges) that are not commonly used can be set in the
left area of the instrument panel, which is beneficial to improve the search efficiency of
the driver.
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4 Conclusions

According to the experimental results, the following conclusions are obtained:

(1) During the driving, the speedometer is most concerned by the driver, and other
instruments are secondary concerns. In the design of the car dashboard, A type of
layout (left and right structure, tachometer and speedometer are distributed on the
left and right sides of the instrument panel, fuel gauge, water temperature gauge in
the speedometer, tachometer) is conducive to the overall reading; If the
speedometer is read separately, the C type of layout is better for reading.

(2) Subjects have more fixation under special color schemes, indicating that it is
difficult to get information, which makes the reading efficiency of the instrument
panel lower. In a word, the appropriate special color matching is good for reading,
but complicated color matching will reduce the driver’s reading efficiency.

(3) When designing the instrument, it is not recommended to set the scale vertically,
which will lead to the extension of the reading time, reduce the driver’s reading
efficiency, and be unsafe.

(4) According to the visual search habits of the subjects and the experimental research
results of the number of fixation in the visual search, the main instruments
(speedometer, tachometer) are set on the right and middle areas of the instrument
panel (visual search efficiency is 70.43%); The dial (fuel gauge, water temperature
gauge) that is not commonly used is set in the left area of the dashboard, which
can improve the search efficiency of the driver.
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Abstract. The television universe is a multibillion-dollar industry. Just like all
other major products, tv series need branding. Here identity is used to guide the
public into the continuity of the different episodes, and to differentiate them
from other series in a highly competitive market. For a successful branding, a
clear strategy is needed for these audiovisual products. Our study presents an
understanding of the different types of opening credits, establishing a possible
classification for them, and how they are used strategically to uphold brand
identity ideals. To achieve this, it’s important to understand the audiovisual
medium and its interactions with Graphic Design, typography and Motion
Graphics, areas that play a part in the elaboration of these main title sequences.
Based on the analysis of key structural elements and different typologies or
structural models of main title sequences, we made the proposal for their clas-
sification, from the perspective of structural organization.

Keywords: Graphic design - Motion graphics - Main title sequence -
Television series - Brand identity

1 Introduction

The television universe is a multibillion-dollar industry, with entertainment TV content
taking one of the largest portions of producers’ budgets. For instance, in its 2018
financial report, NETFLIX—the most popular TV streaming service in the world (with
more than 139 million subscribers in 2018)—shows $13 Billion for the acquisition of
content, of which 85% (according to Forbes website [1]) was spent on the production
of new content, with massive investments on each project.

Not only investments in production are massive, revenues are also huge. Looking at
the data available for the year 2017, the total revenue of just two subscription TV
services dedicated to entertainment — NETFLIX and HBO—represents more than $18
Billion [2, 3]. And that amount has been rising in the last few years (HBO: $5.61
Billion in 2015, $5.89 Billion in 2016, $6.32 Billion in 2017; NETFLIX: $6.77 Billion
in 2015, $8.83 Billion in 2016, $11.69 Billion in 2017). In 2017, HBO and Netflix
combined had $4.5 Billion more revenue than CBS Network, with $13,69 Billion.
But CBS revenue in advertising alone was $5.75 Billion, 42% of total revenues [4].
And why are so many people paying to subscribe these TV services?
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One of the reasons may lay in their content’s quality, though the Emmy Awards
also acknowledge the quality and success of other non- “subscription only” TV
channels and networks.

Another reason might be the “add free” policy of HBO and NETFLIX. However,
the biggest streaming service in the world, YouTube (with more than 1 billion users
and hundreds of millions of hours of video watched each day), is maintained by
advertising shown on top or at the beginning of almost all clips. And Amazon plans to
launch an ad-supported streaming video channel [5].

Also, the way people are consuming TV products is changing. Consumers are
abandoning traditional cable TV for streaming services [6, 7], consuming TV on their
computers and mobile devices and consuming streaming services in TV sets [8].

Obviously, if quality of service and absence of advertising are not the main factors
contributing to the commercial success of those two TV services, nor to the success of
YouTube, then there must be other reasons for that. If the success of YouTube is
probably due to new kinds of production supported by technology, namely the
“homemade” production of short videos, the success of HBO or NETFLIX (and others,
like Amazon Prime Video, HULU, AMC or FX) may lay also in new forms of pro-
duction and distribution also supported by technology, but with a professional quality.
In YouTube, there are also professionally made videos, like music video clips, although
these videos are intended not only to the online consumer but also to the TV consumer.

These new computer-based technologies allow the production companies not only
to create TV shows with higher visual quality, but also to deliver them directly to
consumers. In a market with so much money involved and with the possibility of a
viewer to watch TV products at the reach of a fingertip on multiple devices, the
competition is high, especially if you don’t need a traditional cable service. And
streaming services allow their subscribers to act as if they are “directors of network
programming”, watching whatever and whenever they want.

As such, big productions are forced to have branding strategies to ensure their
financial success. Therefore, TV series, with enormous budgets, need branding,
especially given the fact that most are spread out into seasons of multiple episodes.
Here, identity is used to guide the public into the continuity of the different episodes,
and to differentiate them from other series.

But establishing a brand is a complex thing to do.

2 What Is Branding and How Can the TV Series Benefit
from It?

Corporate/Brand Identity refers to a set of values, self-perceptions, a vision and ethics
created by a corporation as a result of the experiences lived throughout its history. In
this sense, according to Chevalier and Mazzalovo [9], the Corporate/Brand Identity is
its essence and for this reason Costa [10] refers that it is the DNA of the brand.

Any company, product or service that has a public existence gives rise to a
Corporate/Brand image in people’s heads. That is, there is a certain reputation (public
opinion regarding the conduct of a company or the performance of a product or service)
as well as mental images (associated symbols, notions of value, and perceptions of
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quality and feelings resulting from a shopping experience). It is a public perception
about the “personality” of the brand, created over time as a result of different types of
contact and experience of people with the brand and its products or services [10].

In this sense, the brand derives from a Corporate/Brand Identity articulated with a
program (articulated strategy that meets business objectives, compatible with compe-
tition needs, sectoral legislation, technical issues and expectations of potential
recipients).

Thus, the brand is an artificial symbolic system that is communicated, while the
brand image is a social phenomenon created naturally by people in society [11].

In this context, it is likely that the biggest difficulty for businesses is to ensure that
their actions, products, services, processes and communication create the desired
Corporate/Brand Image. Indeed, Branding (brand management) aims to ensure the
semantic and operative articulation that underlies the creation and communication of
products and services, monitoring the tangible and intangible impacts of all actions,
particularly in the design scope, interpersonal communication and Brand Image [12].

The designer plays the important mission of optimizing and giving visible form to
the values and discourse of the brand, creating a system of signs designated as
Corporate/Brand Identity. Visual Identity is how the Corporate/Brand Identity (which
is intangible) is expressed visually in various media [9].

Visual Identity is a system of which the Mark (symbol and/or logo) is part, con-
stituting the minimal symbolic unit to represent the brand. And these Marks can
become icons of an era, a generation or a way of life, surpassing the purposes of the
sender and the designer, once the brand happens to belong to the people.

The Visual Identity system comes from a set of options in the selection and design
of symbols, graphics, colors, textures, formats and styles used according to design
principles (style guides) to convey a certain notion of brand and to ensure that it is
distinctive, recognizable and memorable. However, this Visual Identity system can
adapt to different contexts, through the way the various graphic signs combine to
generate different tones of the brand’s discourse, aimed at different audiences.

In the television context, the Visual Identity allows to establish different links
between the identity of the station, the channel or the television series, namely by the
degree of kinship used in the graphic system.

As previously mentioned, Visual Identity is created through the use of graphic
elements and the way these are systematically employed. This systematization of visual
language creates a narrative of a brand identity that is recognizable by the public at the
beginning of a television series or even when it is subtly promoted throughout tele-
vision programming.

Increasingly, the Visual Identity project passes through the semantic relationship
between graphic elements and other signs such as rhythm, sound (or silence), texture
and odor, in order to create multimedia and multisensory communication. In the case of
the audiovisual medium, through narratives of continuous or interactive animation,
visual identity provides the transmission of various levels of information or meaning,
as well as other dimensions of attention and understanding.
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3 How Can We Think About the Branding of a Television
Series?

Although some visual identity projects developed for television stations or channels
have achieved a good degree of notability, the adoption of Branding principles and
policies is relatively recent in television. The lack of strong competition probably
facilitated the emergence of television brands with high visibility without them having
to be aware of their audiences’ expectations and allowing them to neglect the processes
for holistic management of corporate and interpersonal communication. And for this
reason, there is an explanation for an increase in Branding practices alongside the rise
of other television brands and multinationals [12].

Nowadays, TV Branding aims to ensure a link between the brand and television
contents trying to define an experience capable of fascinating the public so that it
becomes loyal, increasing the brand value. In this sense, Branding seeks, on the one
hand, to articulate services and all audiovisual and interpersonal media — semantically
reconciling the necessary signs so that the experience is coherent and multisensorial —
and, on the other, responding to feedbacks given by increasingly heterogeneous
audiences.

4 Why These?

Most authors who research and write about branding concur in stating principles for
brand success. Among these requirements, specifically consistency, differentiation,
flexibility and durability are often limited to Visual Identity, namely the need to create a
common graphical language so that different elements are recognized — distinctive,
durable in time and adjustable in different contexts. As for the other principles, they are
frequently mentioned in marketing literature, in a relationship between the values
associated with Brand Identity and the program for the brand, namely its personality,
the semantic associations to be established and the particular way in which it will relate
to the different the public.

Wheeler’s proposal [13] was not selected for its innovative character but rather for
its combination of the most common principles found in literature and practice. Also,
because it allows us to holistically observe the most relevant bases for the success of a
Brand. As proposed by Wheeler [13], the principles of coherence, differentiation, value,
meaning, authenticity, longevity, commitment and flexibility should apply both to the
definition of Brand Identity and to the selection and design of the Brand Identity.

5 Branding and/in Motion

As previously referred a brand is not just a Logo or a Mark. It’s a mental concept that
combines a Brand Identity — a set of values, self-perceptions and ethics — with a
business strategy. And in the TV series context, a series’ visual identity — the brand’s
visible form — allows us to establish different links between itself and the identity of the
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network, the channel or other TV series, as a way to implement the producers’ business
strategy.

In the audio-visual context, graphic elements relate to other signs, like rhythm,
sound (or its absence), texture, etc., and Motion graphics, the combination of graphic
design, animation, sound, etc. brought to Visual Identity the ability to communicate
different levels of information and/or meaning.

Therefore, and due to cheaper technology, the increasing use of motion graphics in
television, plays an important role on the way TV series Visual Identities are nowadays
created. The ability to animate some key elements of a Visual Identity like the brand’s
mark (logo and/or symbol) or its typography or even the possibility to change color(s)
allows the designer to convey more meaning to a visual identity with new layers of
information.

But the designer must be aware that motion applied to text can be, by itself, part of
the message delivered: motion can add (or change the) meaning to what is shown
namely when added to typography. If used properly, motion can change a noun in the
same way that an adjective can be used to modify or describe it [14].

When movement is added to typography, it can also function as a way to establish a
hierarchy to the text. And motion influences the way the reader decodes the text; in the
same way punctuation can change the meaning of a text. Just as punctuation marks are
used in a text, movement suggests pauses, divisions, and above all establishes syntactic
relations between the parts of a linguistic set [14].

This factor is of particular interest in a design project since it allows to highlight or
obliterate specific parts of the message and thereby objectively to manipulate its
contents. This strategy can be useful in particular in advertising, where information is
presented in an appealing and persuasive way in order to influence the attitude of the
recipient and determining his action with a precise objective [14].

As we can see, movement can add connotative characteristics to a denotative text.
Like language functions in a literary text, the movement contributes to modeling the
text, giving it more suggestive and expressive characteristics, while producing a
specific effect on the interpretation made by receiver. In this respect, this effect is
particularly striking in the application of figures of semantic or syntactic meaning [14].

So, motion applied to typography works as a language that complements the text,
with a functional system that works in the same way as a grammar. Knowing this, a
designer can achieve a more complete characterization of a Visual Identity [14].

In TV series, this is already being used in the designing of main title sequences.

6 Brand Identity on TV Opening Credits

In movies and TV series, a few seconds, sometimes not so few, present information that
does not belong to the story line, but that intends to help identifying what is/will be
shown and who made it.

This information is usually presented at the beginning, or near the beginning, of the
TV series episode. It includes the names of (some of) the people involved in its pro-
duction, namely the leading actors, the writers, the production team, and the director(s).
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The presentation of this information is usually known as opening credits, also called
main titles/main title sequences which we believe are more accurate expressions.

While many times the information about the authorship is presented as text
alongside images of the episode, often it is displayed in a motion graphics composition
introducing the story, or at least helping to suggest the mood of the series/episode.
Actually, 4 in 5 series have information regarding their productions — the credits—
presented by typographic elements superimposed, shown alongside the images of the
episode [15]. And only 1 in 5 has all the information about its authorship in a main title
sequence that is independent from the episode.

But all the episodes have main titles, and all main titles help to establish the Visual
Identity of a series, as this is where the title is shown — usually as a mark, shown with a
higher prominence than all other typographic elements. Besides, main titles often help
to cement in the viewer an idea of what the series is and what it is not, contributing to
create a brand.

Main titles are not always presented in the same way. In 3 of 4 episodes [15], the
main titles interrupt the episode for more than 10 s, and in almost 2 of 5 episodes [15]
the main titles “suspend” the episode for more than one minute. As one minute in TV
time represents a considerable amount of money, we can deduce that main titles rep-
resent an important part in establishing a visual identity.

7 Structural Models of TV Main Titles

While it’s possible to find many different ways of presenting information about the
authorship of a TV series it is inconceivable to say which one is generally the best way
to establish a brand identity or a visual identity.

However, it is possible to identify the key structural elements present in main titles.
More importantly, one can identify and typify in which sequence those key structural
elements are shown.

As the main title is, above all, the “place” where the series or the episode is
identified, the main element shown is the title. But there are other elements like the
names of its authors and other participants, as actors, producers and/or directors. And
this is done using typography. Also, in many cases, this is where a set of images that
work as an introductory narrative of the following story is displayed.

Main titles are, therefore, graphic design projects that contemplate several vari-
ables: in the purely graphic aspect variables such as information hierarchy, readability,
identity and functionality are relevant. But this type of graphic communication projects
uses not only the x-y-z axis, in a 3-dimensional space, but also the 4th dimension —
time — combining the language of graphic design with the languages of cinema and
television, among others. As such, main titles are presented in a sequence of images,
known as “opening credits” or “main title sequences”.

In order to identify and typify the structural models of main title sequences, we
have to assume that the title of the series is shown in all its episodes, and that in most
main title sequences there is also the presence of credits — the names of its authors and
other participants. Thus, the moment where the title is shown is an important moment
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in the identification of the TV series. And, for that reason, the title gets more promi-
nence than the other elements of the main title sequence.

However, even if all main title sequences show the title and/or credits, this is not
enough to say where the main title sequence starts or ends, because in fact, these may
not be the only elements that compose a main title sequence. Moreover, 95% of the
episodes have their narrative interrupted by an easily recognizable set of still and/or
moving images (and often sound), that is not directly related to the storyline taking
place at the moment in which the sequence is shown. This set of images (as the sound
that goes with it) that interrupts the storyline of the episode is usually repeated in
several if not all episodes of the series.

The set of images that cause this interruption, usually called main title sequence (or
opening credits), in this text will be called “the autonomous sequence” of the main title
sequence. It is autonomous because it does not interfere with the narrative of the
episode, being independent of it.

However, it is also considered as “main title sequence” the display of typographic
elements or other graphic elements, superimposed on the images of the episode, which
may constitute a form of identification of the series, or of its interveners (authors,
actresses, team of production, directors, creators, etc.) and that do not interrupt the
narrative of the episode. To these elements, we will call “non-autonomous credits”,
since they aren’t superimposed on the same images in all episodes of the series. In these
non-autonomous credits are also included possible titles of episodes that in some series
are presented - usually after the title of the series - and do not interrupt their narrative.

It should be considered that the work of the designer in the creation of the main title
sequences is not limited to its autonomous part; in fact, the choice of typography,
colors and contrasts essential to the reading of non-autonomous credits, as well as the
types of movements appropriate to a correct reading of the information they convey,
should also fall under the designer, since this is part of his technical and artistic skills.

Moreover, it should be noted that if the main title sequences were considered to be
constructed only by the autonomous part, about 5 out of every 100 series would not
have any main title sequence and only 1/4 of the main title sequences would contain all
the elements related to the identification of the authors and/or interveners that the
production of the series considered necessary (either for contractual reasons or for the
obligations of the statutes of some professional associations - such as the directors).

This is because often the title is presented in an autonomous part of short duration
that in most cases does not contain credits. If this short autonomous part contains some
credits, usually only the creators of the series (created by) are mentioned, but always at
the moment the title is visible or immediately after. This short-lived autonomous part is
composed of still and/or moving images (whether they are shot or an animation product
or both) and, in most cases, it lasts not more than 10 s. It is also important to mention
once more that not always the elements of the main title sequences imply an inter-
ruption in the episode, in which case both the title and the credits (when they exist)
appear superimposed on images of the episode. In both cases, and given the emphasis
usually given to the title, we will call the visual composition that presents the title
(whether considered as an autonomous part or not) ‘presentation of the title’.

Thus, in order to establish the limits of the main title sequence, it is considered that
we are in its presence when the episode is interrupted by the autonomous part of the
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main title sequence, by the presentation of the title (autonomous or not) or by the
appearance of non-autonomous credits and we cease to be in the presence of the main
title sequence when the last of these elements disappears.

Based on the definition of where the main title sequences begin and end, it was then
possible to look for the patterns presented by them.

As such, it was possible to distinguish two large groups of main titles, which may
be identified not only by the duration of the interruption they cause in the episode, but
above all by the existence (or not) of credits in the autonomous part - credits that do not
exist only at the time of presentation of the title or at the time immediately following,
but are distributed throughout the entire interruption.

It would also be possible to make this first classification based on the existence or
not of an autonomous part of the main title sequence. However, in terms of organi-
zation, main titles without autonomous part have sequences of presentation of credits
and title similar to the main titles that only make the presentation of the title in an
autonomous way.

Thus, in the group of main title sequences with credits in the autonomous part the
following models can be found:

e The main title is presented as a completely autonomous object (T&C);

e There is an autonomous object that precedes non-autonomous credits
(T&C + NAC);

e There is an autonomous object that is preceded by non-autonomous credits
(NAC + T&C);

e There is an autonomous object that precedes and is preceded by non-autonomous
credits (NAC + T&C + NAC);

e The title and credits are presented through several autonomous objects interspersed
with the action of the episode, which may or may not have non-autonomous credits
(+ NAC + T&C + NAC +), and that may or may not begin with the presentation of
the title;

Regarding the group of main title sequences without credits in an autonomous
part, the following models were found:

e There is only the presentation of the title (AT or NAT);

e The identification of the series is made through the presentation of the title, pre-
ceded and followed by non-autonomous credits (NAC + AT or NAT + NAC);

e Non-autonomous credits are shown and only after that the title is presented
(NAC + AT or NAC + NAT);

e The presentation of the title is made and is followed by non-autonomous credits
(AT + NAC or NAT + NAC).

According to the models found, it is then possible to present in a schematic way the
different types of sequences of presentation of credits and title. In the diagram pre-
sented below the abbreviations written in the text between parentheses are used to
identify the different types of main title sequences structures (Fig. 1).

In this scheme other elements that can function as identifiers of the series by
presenting the narrative autonomously were not included. These are the sequences,
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Fig. 1. Different types of main title sequences structures

with their own narrative and functioning as an introduction to the series, exhibited in
about 3 out of 100 series separately from the main title sequence. As they do not have
credits or even presentation of the title, those sequences were not considered as an
integral part of the main title sequence.

However, the data collected so far suggest that, even though the times dedicated to
main titles are increasing, as there are more credits superimposed on the images of the
episode, the time they “steal” from the episode is becoming smaller [15].
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The same does not happen in one group of series that includes episodes with
duration of 50 to 60 min, created mainly for the British market and for HBO or
NETFLIX.

This probably means that TV opening credits and main title sequences are an
important part of HBO and NETFLIX branding strategies, in their need to gain market
share.

The data presented were collected in the scope of an ongoing Ph.D. research project
and more complete data and corresponding analysis will be published in a near future.
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Abstract. The folding umbrellas are widely loved by consumers because of
their small size, light weight and easy carrying. And the comfort of use of
folding umbrellas is inseparable from the study of human factors engineering
since the folding umbrellas have the most direct contact with the human body.
There are many different kinds of folding umbrellas on the market, but almost
for commercial purposes, which has led to an increasingly terrible experience of
the inconvenience of existing folding umbrellas. Consequently, in order to let
consumers get a better experience during the use of the folding umbrellas, this
paper, from the perspective of the human factors engineering, attempts to find
out the deficiencies of the folding umbrellas design and the possible design
breakthroughs, and propose innovative ideas for folding umbrellas design.

Keywords: Folding umbrellas + Human factors engineering - Design

1 Introduction

As is known to all, the folding umbrellas occupy an extremely important position in the
daily life of people, which have a high frequency of use and can be used all year round,
almost everyone must have a folding umbrella. So the design of folding umbrellas is
particularly important. Folding umbrellas have a very large market now, but most of the
current design of folding umbrellas is only based on innovations in appearance, and
there still have some problems in terms of human factors. Therefore, it is necessary to
study the human factors engineering of folding umbrellas.

2 The Development of Folding Umbrellas

2.1 The Development of Umbrellas

It cannot be verified where the oldest umbrella in history originated today. The tools
used by servants or slaves to protect their masters from the sun can be said to be a kind
of umbrella in ancient Egypt, and the wife of Lu Ban also had a record of inventing an
umbrella in the Warring States Period.

The umbrella has a history of four thousand years from the emergence of the
umbrella prototype in China. About two thousand years ago, there was a relatively
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complete umbrella in history. By the time of the post-Wei period, umbrellas had
developed into a tool for classifying identities and classes and continued to the Ming
dynasty. After the Eastern Han Dynasty, paper-made oil umbrellas began to spread
among the public. And around the Tang Dynasty, it began to spread abroad. Tarpaulin
umbrella appeared after the Yuan Dynasty, it was durable and had lower cost.
Therefore, it has been used for a long time in China through continuous improvement
and development [1]. In the west, umbrellas were originally invented to keep out the
sun, not the rain, so the west has always had only parasols. And it is widely believed
that the Englishman Jonas Hanover brought the umbrella to Europe.

2.2 The Appearance of Folding Umbrellas

In 1705, the Frenchman Jean Marius folded the umbrella handle in three sections, and
the whole umbrella was much smaller than the original [2]. In order to prevent others
from improperly counterfeiting, Marius submitted an application to the Academy of
Sciences for the commercial privilege of the umbrella. He won the debate, securing the
franchise for five consecutive years from January 1, 1710. In 1928, the German Hans
Haupt invented the first telescopic umbrella because it was inconvenient to carry a long
handle umbrella while walking with a cane. The kind of umbrella can be almost put
into the pocket after shrinking, so it is also called pocket umbrella.

The folding umbrella which is most commonly used today was originally designed
by an old professor at a Chinese university. In 1957, Yanruo Lao, a professor at Beijing
Normal University, was inspired by the ability of human joints to bend and stretch.
Then, he improved the umbrellas on the market at the time, and designed the engi-
neering drawings of the folding umbrellas, made the processing technology and
designed the mold by himself [3]. And today, Folding umbrellas are popular because of
their small size and portability.

3 The Research Direction of Folding Umbrellas

3.1 Development Status of Folding Umbrellas

Nowadays, the design of umbrellas on the market is divers, and the folding umbrellas
are widely loved by consumers because of their small size and portability. The
appearance design of folding umbrellas, including their color and shape, are becoming
more and more novel, and the selection of umbrellas surface materials is also more
exquisite. In addition to being used for sun protection and rain shelter, the folding
umbrella with exquisite shape also has a certain decorative effect, which can cooperate
with the different costumes of users and play various roles in different environments.
However, most of the design is based on the appearance, with little consideration for
human factors, and fail to solve the problems existing in the use of folding umbrellas.
They almost always retain the most original features and shapes, without making a
breakthrough. However, people have higher requirements when choosing folding
umbrellas. They not only have higher requirements for appearance, color, brand effect
and other aspects, but also pay more attention to the comfort and functionality of
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folding umbrellas. This also reminds designers that they should not only focus on the
appearance, but should also change to be more caring about people’s life, solve the
problems in life and pay more attention to human factors engineering research in the
design of folding umbrellas, which are the development trend of folding umbrellas.

3.2 Human Factors Problems with Folding Umbrellas

The folding umbrellas play an indispensable role in people’s daily life, but people also
endure many additional problems caused by them while enjoying the convenience. And
these small problems will be infinitely magnified in the use of high frequency, causing
a lot of trouble to users. Folding umbrellas are mainly composed of three parts:
umbrella cover, umbrella frame and handle (As shown in Fig. 1). Since the handle has
the most direct connection with the human body, it is highlighted in the design of the
folding umbrellas. But other parts of the folding umbrellas are also important.

l Direct Contact |

Umbrella Umbrella

Protect

Fig. 1. The system model between people and the folding umbrella.

In order to be smaller and lighter, the folding umbrellas are designed to have some
folded structures on the umbrella frames, and the handles are also made particularly
compact. Although this kind of design can make folding umbrellas easy to carry and
place, it has caused many problems in the process of using. Since the handle of the
folding umbrella is designed to be particularly small, the user usually places the hand
on the umbrella pole when holding the umbrella. But the umbrella pole is made of
metal material, and very thin, the nail will be against the palm to cause a tingling
sensation when holding the umbrella, and there will be hand slip, grip is not firm. In
addition, there are also some users who put their hands on the handle. However, the
force distribution will be uneven since the contact area between the handle and the
palm is too small, and cause tingling sensation of the palm and the phenomenon of
blood not to circulate. What’s more, people’s wrists are always in the twisted state of
anti-gravity when they hold an umbrella, maintaining this state for a long time will
cause damage to their wrists. These problems seem to be small, but they happen to
people’s lives almost every day, which have a great impact on people.

3.3 Design Ideas of Folding Umbrellas

Folding umbrella, as one of the necessities that people will use frequently in daily life,
has a very huge market demand. Therefore, the research value of folding umbrellas
should not be taken lightly, so the research on human factors engineering of folding
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umbrellas is more necessary. In homogenization of todays, it is clear that the design goal
is folding umbrella and the design is for people. And people’s demand for folding
umbrellas should not only be limited to the use, but also to better use, so principles of
human factors engineering should be applied in design of folding umbrellas to meet the
functional and emotional needs of people.

Roberto, a well-known design management scientist, believes that the core of design
is the formation and interpretation of meaning. It is extended to the folding umbrella
design, triggering the design thinking of folding umbrellas: How to make the design of
folding umbrellas meaningful and how to interpret the design by folding umbrella? First
of all, the human factors should be taken into account during the process of design work.
That is to say that the human should be put in the first place. The rapid development of
science and technology and the sharp rise of intelligent productivity have greatly
increased the flexibility of production, which have promoted new thinking and new ideas
for design of folding umbrellas. At the same time, human nature itself has the nature of
breaking through the standard, pursuing and flaunting differences, today even more.

Therefore, in the process of folding umbrellas design, Human Factors Engineering
should be integrated into the design to find a more suitable way for use of human. And
incorporating differences into the design to present a colorful expression and design
vibrancy if conditions allow. In a word, the design of folding umbrellas should meet the
physiological needs and the psychological needs of different consumers.

4 Analysis of Folding Umbrellas

Folding umbrellas have almost become a kind of necessity in people’s life, but there are
still many problems in the existing folding umbrellas. In particular, the size of handles
does not conform to the principles of human factors engineering, which will cause
some damage to human hands during use and increase the pain and burden of users. In
addition, the size of folding umbrella, shape of folding umbrella cover and psycho-
logical factors of users should also be taken into account.

4.1 Analysis of Handle

The handle of the folding umbrella is the part that has the most direct contact with the
user, so the handle design should be carefully considered in the design of the folding
umbrella. Certainly, the rethinking of the handle design is inseparable from the research
on the human hand. In order to make the handle of folding umbrella more convenient
for people to use, the handle design of folding umbrella should be discussed according
to human factors engineering.

The human hand is a complex structure, which contains many nerve structures,
muscles, hand bones and so on. Therefore, it has high degree of freedom and flexibility.
In addition, the muscles are mainly distributed in thenar, hypothenar and fingertip
areas, and the centre of the palm area is less. Therefore, the shape of the handle of the
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folding umbrella should be designed to avoid the centre of the palm as much as
possible, and have a large contact surface with the palm to make the pressure distri-
bution evenly (Fig. 2 shows an example).

Fig. 2. The figure shows the handle shapes of various folding umbrellas. The shapes shown by
(a) and (b) are easy to cause palm fatigue and discomfort, while the shape shown by (c) is better.

Table 1. Reasonable handle size and bending angle in human factors engineering.

Handle diameter (mm) | Handle length (mm) | Bending angle (°)
3040 100-125 10

As far as the wrist is concerned, when people use ordinary folding umbrella, the
human wrist forms an angle of non-straight state, which will cause damage to the wrist
if the gesture lasts for a long time. Therefore, in order to avoid excessive bending of the
wrist and reduce fatigue and damage of the wrist, it should be considered to bend the
handle portion. It is generally believed that bending the handle portion by about 10° has
the best effect [4].

Reasonable handle size and bending angle in human factors engineering are shown
in Table 1, these dimensions can be used directly in the design of straight handle
umbrellas, but it is too long for the folding umbrellas to set the handle length to 100-
125 mm. Generally, the user is more comfortable when the length of the handle is close
to and beyond the length of the handle. Therefore, the length of the handle of the
folding umbrella can be close to or slightly smaller than the width of the hand.

4.2 Shape of Folding Umbrella cover

There are several reasons for adopting arc shape on the edge of the folding umbrellas.
Firstly, the closure and streamline of the circle are better than that of the square. Secondly,
the pressure difference between the front half and the rear half is small when the round
umbrella face is subjected to the resistance of the wind, which is more labor-saving when
walking. Thirdly, the surface of round folding umbrella is easier to excrete rainwater.
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4.3 Size of Folding Umbrellas

In human factors Engineering, anthropometric data often uses the percentile Py as a
positional indicator and limit [4]. As folding umbrellas are a kind of general industrial
product, Pog of body size standards can be chosen as the basis for the upper limit of
size, and P; can be selected as the basis for the lower limit of size. In order to protect
users from rain and sun as far as possible, the upper limit of body size should mainly be
taken into account in design of folding umbrellas, Pog of body size standards for adult
men and women are shown in Table 2. The size of folding umbrella is determined by
the range of motion of the user under the umbrella [5], and the schematic diagram of
arm movement when a person holds a folding umbrella are shown in Fig. 3.

Table 2. Pgg of body size standards for adult men aged from 18 to 60 years old, and women
aged from 18 to 55 years old. (Unit: mm)

Gender | Forearm | Upper arm | Chest depth | Maximum shoulder width
Male | 268 349 261 486
Female | 242 319 260 458

Table 3. The value of the horizontal sum of the upper arm and forearm and size of folding
umbrella when the [ is 50° and the o is 85°, and the value range of diameter of folding umbrellas
(Unit: mm).

Gender | The value of the horizontal | Diameter of folding umbrellas
Male |457 766-1175
Female | 416 694-1092

Assuming that the angle between the forearm and the upper arm is o, and the angle
between the upper arm and the torso is B. According to the size of human factors
engineering, o ranges from 0° to 145°, and B ranges from 0° to 180°. And the body
comfort adjustment range of o is 85° to 110°, and that of B is 0° to 50°. Considering
that people will choose autonomously the comfortable angle when using the folding
umbrella, and their elbows usually move backwards and have a small range of motion,
so the horizontal value of the sum of the upper arm and the forearm is maximized when
the B is 50° and the o is 85°. It is calculated that the maximum diameter of the folding
umbrellas is 1175 mm for men and 1092 mm for women after adding half of the chest
depth value. In addition, the diameter of the folding umbrellas needs to be more than
twice the maximum shoulder width of the users. Therefore, P; of the maximum
shoulder width is chosen as the basis of the lower limit value. And the P; of maximum
shoulder width of male and female is 383 mm and 347 mm respectively. The com-
prehensive analysis indicated that the value range of diameter for male is about 766—
1175 mm, and that for female umbrella is about 694—1092 mm (As shown in Table 3).
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(a) (b)

Fig. 3. (a) represents the schematic diagram of arm movement when a person holds a folding
umbrella, and (b) represents the simplified diagram. o (0°~145°) represents the angle between the
forearm and the upper arm, B (0°-~180°) represents the angle between the upper arm and the
body.

4.4 Psychological Factor Analysis

The psychological needs of consumers, such as seeking novelty and beauty, are the
inevitable outcome of the development of material level to a certain stage. There are
many folding umbrellas with different materials and colors on the market, but people’s
psychological needs are not match materials and colors simply, which need to take
people’s subconscious perception of materials and colors into full consideration.
Therefore, in addition to satisfying the material relationship between people and
umbrellas, the human factors engineering study of folding umbrellas should also
consider the real psychological needs of people.

The materials used in folding umbrellas can give people different feelings in the
visual and tactile aspects through its texture, color and so on. Different materials bring
people different psychological hints through their own attributes, frosted material gives
people a sense of high quality, the material with smooth surface gives people a very
smooth visual feeling, and the rough surface will give people a sense of oldness. In the
meanwhile, color will bring people a strong visual impact, human beings have formed a
large number of feelings and associations about color in their long-term life practice
[6]. Different colors of folding umbrellas can make difference in distance by contrast.
Warm colors make people feel that the distance between them and the object is
shortened, but cool colors make people feel that the distance between them and the
object is lengthened [7]. Therefore, it may be dangerous for users to use folding
umbrellas with cool or light color in rainy or foggy days. In addition, warm colors
make folding umbrellas look like less dense and lighter. Therefore, it is a good choice



154 X. Zhou and X. Hu

to use warm colors on a large area to make the folding umbrellas look lighter. And
colors can affect emotions of people in some ways. Accordingly, the psychological
effect of materials and colors should be applied correctly in the design of the folding
umbrellas, so that people have a sense of comfort while enjoying the beauty.

5 Conclusion

Nowadays, with the development of economy and society, people have higher and
higher requirements on design. Folding umbrellas are tools used to shelter people from
the wind and rain, and have the most direct contact with the human body. But there is
not just a simple physical combination between the human body and the folding
umbrella, there are still some “chemical reactions” between them. It can be known that
the upper limbs of users have very close contact with the folding umbrellas through the
analysis of the folding umbrellas and factors of human body. And improper design will
cause some damage to users, which will be amplified after a long time of accumulation.
Therefore, designers should fully consider the factors of human body and psycho-
logical needs of people, and study the knowledge of human factors engineering further.
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Abstract. This paper takes the office LED display screen as the object, and
studies the impact of screen brightness on visual performance under different
environmental illuminations when people were processing text tasks. Based on
three dimensions of behavioral performance, subjective evaluation and physi-
ological indicators, the optimal screen brightness value under different envi-
ronmental illuminations and optimal brightness contrast range were obtained.
Experimental data show that the interaction of screen brightness, ambient illu-
mination and screen brightness has a significant impact on visual performance,
while ambient illumination has no significant impact on visual performance.
Brightness and contrast have significant effect on visual performance. When the
ambient illumination were 50 Ix, 300 Ix and 500 Ix, the optimal value of the
screen brightness of the display were about 128 cd/m?, 178 cd/m”® and
214 cd/m? respectively. The optimal brightness contrast range was 26-30.

Keywords: LED - Ambient illumination - Screen brightness - Interaction -
Brightness contrast - Visual performance

1 Introduction

In recent years, due to the immaturity of technology and the lack of humanized design,
the problems of visual fatigue and discomfort caused by various visual display ter-
minals were becoming more and more serious, the needs for display terminals has
gradually shifted from general functional aspects to human-centred aspects such as
health, comfort and convenient use. Different studies on the health and comfort of
various visual display terminals have been conducted. The studies show that ambient
illumination and screen brightness have significant effects on visual comfort. Li did
research on the optimal parameter of 3.2 in. mobile phone screen brightness under
different ambient illuminations [1]. Weining, Fang et al. made studies on the effects of
different illumination and brightness contrast on visual efficacy of vehicular liquid
crystal display, indicating that visual efficacy was not only related to brightness con-
trast, but also closely related to illumination [2]. The research of Zhang et al. showed
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that the brightness of VDT (visual display terminal) screen surface and the illumination
of document background had a significant impact on the visual reading operation [3].
Wu et al. believed that the brightness contrast and screen brightness of VDT had an
interactive effect on the operator’s visual function [4]. Lin studied and discussed the
influence of screen brightness combination on visual performance of LCD screen
characteristics, indicating that screen brightness combination had a significant impact
on visual effect [5]. Lin and Huang studied character recognition performance based on
thin film transistor liquid crystal display (TFT-LCD), and the results showed that the
influence of screen brightness was greater than that of contrast [6].

At present, LED displays were used more and more in office text task processing.
Therefore, this paper takes office LED display as the object, and studies the impact of
screen brightness on visual performance under different environmental illuminations
when people were processing text tasks. Three dimensions, namely, behavioral per-
formance, subjective evaluation and physiological indicators were used as the study
indexes.

2 Experimental Design

Study the interaction of different ambient illumination, different screen brightness,
ambient illumination and screen brightness, and the effect of brightness contrast on
visual performance.

2.1 Subjects and Environment

In this experiment, a total of 16 subjects, aged between 18 and 40 years old with no
visual impairment were recruited. Their visual acuity were 4.8 or above, often used
LED displays and had no obvious physical or physiological obstacles that might affect
their search speed and image perception.

The test room was quiet, and the ambient temperature and humidity were com-
fortable. The ambient illumination (0-800 1x) in the experimental room was adjustable.

2.2 Experimental Devices and Instruments

The LED display used in this study was Lenovo P24Q-10, with a resolution of 59
pixels/degree perspective. Before the experiment, the brightness values of screen and
character were measured at 0%, 30%, 60%, 80% and 100% under the ambient illu-
mination of 50 Ix, 300 Ix and 500 Ix respectively. The measurement results were
shown in Table 1. Brightness and contrast were calculated according to the measured
data, as shown in Table 2.
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Table 1. Screen, character brightness values (cd/m?)
The screen 0% 30% 60% 80% 100%
brightness
Ambient The Character | The Character | The Character | The Character | The Character
illumination (Ix) | screen screen screen screen screen
50 65.36 | 1.953 824 | 2277 127.9 | 2.903 1742 | 3.722 2124 | 4505
300 69.39 | 1.966 83.16 |2.313 131.5 |4.126 178.1 |5.28 2134 | 6313
500 70.69 | 2.205 84.39 |3.192 1327 | 4394 179.5 | 5.929 2142 |7.28

Table 2. Brightness contrast (screen brightness/character brightness)

Ambient illumination (Ix)

50

300

500

Screen brightness level (%) | Brightness contrast
0 33
30 36
60 44
80 47
100 47
0 35
30 36
60 32
80 34
100 34
0 32
30 26
60 30
80 30
100 29

2.3 Experimental Indexes

In the experiment, the average character search speed was used as behavioral perfor-
mance indicators, the 9-point evaluation table was used as subjective evaluation
method, and the critical frequency value of flash fusion was used as physiological
evaluation index.

Search time T; recorded by the performance measurement of the subject, namely
the average search speed Vs (the number of characters/second), was calculated by the
following formula:

-1
ny
Vi, =n; X n. X lz Ti]
i=1

Among them: n; Refers to the number of valid trials completed by test participants.
n. The total number of characters (including embedded Spaces) in the pseudo-text.
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2.4 Experimental Variables

There were two independent variables. One was the environmental illumination which
were 50 Ix, 300 Ix and 500 Ix, the other was the screen brightness levels which were
0%, 30%, 60%, 80% to 100%.

Dependent variables were average character search speed, subjective visual comfort
of the nine-point evaluation table and difference before and after flash fusion frequency.

2.5 Experimental Materials

The pseudo-text (meaningless text) proposed in ISO 9241-304 “user performance test
method for electronic visual display” was used as the reading material for the average
character search task. It was designed as 10 rows and 40 columns, and the number of
target characters in a single experiment was 8—12. In order to avoid the interference of
the reading task to the test, the pseudo-text was designed as a random string composed
of upper and lower case letters, numbers and spaces. The proportion of target characters
in the total number of characters was between 2% and 3% (including embedded
spaces). Text font used was equal width font Courier New, which was black (with a
white background) and had a font height of 4 mm at a viewing distance of 690 mm.

2.6 Experimental Procedure

(1) To inform the subject of the purpose of this test.

(2) To guide the subjects to be seated and adjust the visual distance to about 690 mm.

(3) To set the program page.

(4) To adjust the ambient illumination and screen brightness of the display.

(5) To conduct 5 pre-experiments to make the subjects familiar with the experimental
process.

(6) Before the formal experiment, the flash fusion frequency was measured. Two text
search tasks were then performed, with an interval of 5 s. During the text search
task, the program automatically recorded the time spent in identifying each target
character in the pseudo-text block. The order of the text program was determined
randomly. After the experiment, the flash fusion frequency was measured again,
and the subjects were asked to evaluate the visual comfort at 9 levels.

(7) Replace the subjects and repeat the above steps to continue the next set of
experiments until all experiments were completed.

3 Experimental Results and Analysis

3.1 Analysis of Parameters Under Different Ambient Illumination
and Screen Brightness

The obtained experimental data was analyzed by repeated measurement variance
analysis using SPSS software. The average character search speed, subjective
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evaluation value, flicker fusion frequency difference before and after were analyzed
under different display screen brightness and different environment illumination.

Average Character Search Speed

In order to analyze whether different ambient illumination, screen brightness and their
interaction have significant influence on the average character search speed of the
subjects. In order to exclude individual differences, the average character search speed
was first calculated and then plotted into a table, as shown in Table 3.

Table 3. Average character search speed (character/s)

0% 30% 60% 80% 100%

50 Ix |10.7008 | 11.3271 | 11.5958 | 11.2689 | 11.5044
300 Ix | 10.9865 | 11.3604 | 11.5206 | 11.7142 | 11.8521
500 Ix | 11.1101 | 11.3623 | 11.7119 | 12.1627 | 12.6132

Repeated measurement anova results show that the main effect of environmental
illumination on average character search speed was not significant, F (2, 45) = 0.232,
p > 0.05. The main effect of screen brightness on average character search speed was
significant, F (4, 180) = 5.893, p < 0.05. The interaction between ambient illumination
and screen brightness was not significant for the average character search speed,
F (8,180) = 0.817, p > 0.05. The influence of screen brightness on average character
search speed was shown in Fig. 1.

Estimated marginal mean of search speed

14.000- Screen brightness

—0%
30%
—60%
~—80%
—100%

13.500+

13.000+

12.500+

Estimated marginal mean

12.000-

11.500

T
50 300 500

Ambient illumination

Fig. 1. Estimated marginal mean of average character search speed

As shown in the figure, when the screen brightness was 0%, the average search
speed of the subjects was significantly lower than that of other screen brightness levels.
When the screen brightness was 100%, the average search speed of the subjects was
significantly higher than that of other screen brightness levels. The average search
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speed increased with the increase of screen brightness. Among them, when the ambient
illumination were 50 1x, 300 Ix and 500 Ix, the optimal level of screen brightness were
about 60%, 80% and 100% respectively.

Average Subjective Evaluation

In order to analyze whether different ambient illuminations, screen brightness and their
interactions have significant impact on the subjective evaluation of the comfort level of
the subjects, the average subjective evaluation score of the subjects was calculated, as
shown in Table 4.

Table 4. Subjective evaluation

0% |30% |60% |80% |100%
50 Ix |6.125/6.313|6.250 | 5.813 | 5.625
300 Ix | 6.000 | 6.125 | 6.250 | 6.438 | 6.438
500 1x | 5.875 | 6.000 | 6.375 | 6.500 | 6.500

The results of repeated measurement anova showed that the main effect of envi-
ronmental illumination on subjective evaluation was not significant, F (2, 45) = 0.372,
p > 0.05. The main effect of screen brightness on subjective evaluation was not sig-
nificant, F (4,180) = 0.857, p > 0.05. The interaction between ambient illumination
and screen brightness was significant, F (2, 45) = 4.631, p < 0.05. The interaction was
shown in Fig. 2.

Estimated marginal mean of subjective evaluation

Screen brightness

—0%
30%
—60%
~—80%
——100%

Estimated marginal mean

T T
50 300 500

Environment illumination

Fig. 2. Marginal estimated mean value of subjective evaluation

As shown in the figure, when the environmental illumination was 50 Ix, the optimal
screen brightness level was 60%, at which time the subjective evaluation of the subjects
was the highest, and the subjective evaluation was the lowest at 100%. When the
ambient illumination was 300 Ix, the optimal screen brightness level was 80%, which
was the highest subjective evaluation and the lowest at 0%, and the value was higher
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than the maximum subjective evaluation when the ambient illumination was 50 Ix.
When the environmental illumination was 500 Ix, the optimal screen brightness level
was 100%, which was the highest subjective evaluation and the lowest at 0%, and the
value exceeds the maximum subjective evaluation when the environmental illumina-
tion was 300 Ix. Therefore, the optimal screen brightness level increases with the
increase of the environmental illumination.

Difference of Mean Flash Fusion Frequency Before and After

Physiological evaluation index refers to the difference before and after the flash fusion
frequency of the subjects. Therefore, this section analyzes whether different screen
brightness and their interactions have significant influence on the difference before and
after the flash fusion frequency of the subjects under different ambient illuminations.
First, it sorts out and calculates the difference before and after the average flash fusion
frequency of the subjects, as shown in Table 5.

Table 5. Difference before and after flash fusion frequency (Hz)

0% |30% |[60% |80% |100%
50 Ix |0.6190.613|0.550 | 0.638 | 0.669
300 Ix | 0.562 | 0.488 | 0.513 | 0.438 | 0.450
500 Ix | 0.588 | 0.469 | 0.375 | 0.444 | 0.438

The results of repeated measurement anova showed that the main effect of ambient
illumination on the difference between before and after the flash fusion frequency was not
significant, F (2, 45) = 0.901, p > 0.05. The main effect of screen brightness on the
difference between before and after the flash fusion frequency was not significant, F
(4,180) = 0.142, p > 0.05. The interaction between ambient illumination and screen
brightness was also insignificant, F (8,180) = 0.106, p > 0.05. The results were shown in
Fig. 3.

Estimated marginal mean of flash fusion frequency

0.7 Screen brightness

—0%
30%
—60%
——80%
—100%

0657

0.6

0.557

0.5+

Estimated marginal mean

0454

0.4+

Environment illumination

Fig. 3. Marginal estimated mean value of difference before and after flash fusion frequency
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As shown in the figure, when the ambient illumination was 50 Ix, the optimal
screen brightness level was 60%, and the difference between before and after the flash
fusion frequency was the lowest, which means the visual comfort of the subjects was
the highest. When the ambient illumination was 300 1x, the optimal screen brightness
level was 80%, which was obviously lower than the difference before and after the flash
fusion frequency when the ambient illumination was 50 Ix, which means the visual
comfort of the subjects was higher than the optimal visual comfort level when the
ambient illumination was 50 1x. When the ambient illumination was 500 Ix, the
optimal screen brightness level was 100%, slightly higher than the data when the
ambient illumination was 300 Ix, significantly lower than data when the ambient
illumination was 50 Ix. And the optimal visual comfort of the subjects was between
50 Ix and 300 Ix.

3.2 Analysis of Each Parameter Under Different Brightness and Contrast

Average Character Search Speed

Univariate anova for the average character search speed showed that brightness contrast
has no significant influence on the overall average character search speed. In the
analysis results, F (2, 14) = 3.396, p > 0.05.

However, the post-mortem test results showed that there was a significant difference in
the average character search speed between the brightness of 26-30 and 32-36,
p < 0.05. The average character search speed in the brightness contrast 26-30 was
significantly higher than data in the brightness contrast range of 32-36, slightly higher
than the average character search speed in the brightness contrast range of 44-47,
which was the optimal brightness contrast range.

Average Subjective Evaluation

The results of one-way anova with mean subjective evaluation score as the dependent
variable showed that brightness contrast had no significant influence on the overall
mean subjective evaluation, F (2, 14) = 3.194, p > 0.05.

However, the post-test results showed that the mean subjective evaluation of
brightness contrast between 26—30 and 44—47 was significantly different, p < 0.05. The
average subjective evaluation score of subjects with brightness contrast between 26-30
was significantly higher than that of subjects with brightness contrast between 44—47
and slightly higher than that of subjects with brightness contrast between 32—-36, which
was the optimal brightness contrast range.

Difference of Mean Flash Fusion Frequency Before and After
Univariate anova for the difference before and after the mean flash fusion frequency as
the dependent variable showed that the brightness contrast had a significant effect on
the mean flash fusion frequency. In the analysis results, F (2, 14) = 7.693, p < 0.05.
The post-test results showed that the difference before and after the average flash
fusion frequency when the brightness contrast was 26-30 was significantly smaller than
the data when the brightness contrast was 32-36 and 44-47. At this time, the visual
comfort of the subjects was the highest, which was the optimal brightness contrast
range.
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4 Conclusion

To sum up, for office LED displays when the ambient illumination was 50 Ix, the
optimal screen brightness level was 60% and the screen brightness was around
128 cd/m?. At this time, the average character search speed of people was the fastest,
the subjective evaluation score was the highest, and the difference value before and
after the flash fusion frequency was the smallest. When the ambient illumination was
300 Ix, the optimal screen brightness level was 80%, and the screen brightness was
around 178 cd/m®. Comparing with 50 Ix, the average character search speed was
faster, the subjective evaluation score was higher, and the difference before and after
the flash fusion frequency was smaller. When the ambient illumination was 500 Ix, the
optimal screen brightness level was 100%, and the screen brightness was around
214 cd/m*. Comparing with 300 Ix, the average character search speed was faster and
the subjective evaluation score was higher, but the difference value before and after the
flash fusion frequency increases slightly.

The brightness contrast range of 26-30 was the optimal brightness and contrast
range for office LED displays. In this range, the average character search speed was the
fastest and the average subjective evaluation score was the highest, the difference
before and after the average flash fusion frequency was the smallest.
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Abstract. The current study investigated the key-to-key distance, which was
defined as the distance between the margin points of two adjacent keys
transversally and vertically. In view of forefinger operation, the combination of
subjective measurement and objective measurement was used in the ergonomics
assessment of key-to-key distance effects on the performance. 30 participants are
recruited to attend the tests. One-way ANOVA is used to analyze operational
performance at different key-to-key distance and then the S-N-K-hoc is con-
ducted for pairwise comparison, oo = 0.05. The results were obtained: when a
reasonable key size is decided, key-to-key distance has no effect on the accuracy
and efficiency of touch-sensitive key operation. Therefore, considering the user
experience satisfaction, the recommended transverse key-to-key distances range
for rounded corner key is from 6 mm to 12 mm, while lengthways key-to-key
distances range is from 6 mm to 14 mm; the recommended transverse key-to-
key distances range for round key is from 6 mm to 12 mm, while lengthways
key-to-key distances range is from 6 mm to 16 mm. This research can provide a
basis for the design of key size of enterprise electronic products, and has
important guiding significance.

Keywords: Touch-sensitive key - Key-to-key distance -
Human-computer interaction

1 Introduction

There are many types of input devices that perform operations in the computing system
at present, such as mouse, trackball, mechanical operation key, joystick, touch sensor
panel, touch screen and so on [1]. Touch screen is what touched is gained with
convenient operation, convenient size adjustment, flexible arrangement and other
characteristics, which brings convenience for the man-machine interface optimization
matching of all kinds of display and control terminals. The touch screen mainly
includes: resistive touch screen, capacitive touch screen and acoustic touch screen,
among which capacitive touch screen is the most widely used. With the continuous
development and popularity of the Internet and smart phones, capacitive touch screen
mobile phones have shown a trend of replacing traditional computers in many fields
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such as social networking, shopping, etc., and more applications have been transferred
from computers to mobile phones [2]. With the appearance of capacitive touch screen
LCD, the human-computer interaction mode in aerospace field has been changed. The
task of multi-function touch screen display in aircraft cockpit is becoming more and
more complex and diverse. At the same time, capacitive touch screen, as one of the
most convenient way of human-computer interaction, is more and more used in the
research and development of many intelligent household appliances. There are more
and more functions carried by touch screen. The contradiction between rich content and
space inevitably leads to new problems of human-computer interaction, such as
unreasonable layout of information, mis-touch during operation, low input efficiency
and so on [3]. Therefore, it is very important to design the touch screen interface that
meets the ergonomic requirements.

In the touch screen, the touch-sensitive key is the device that can transmit the
human instruction to the machine and let the machine according to the predetermined
target of the human. Whether its design is reasonable or not will directly affect the
working efficiency, the safe operation and the comfort of the user. At present, there has
been a lot of research on interactive issues such as the impact factors of click operation
performance in touch screen. The operation efficiency of touch-sensitive key is affected
by many factors, such as key size, key-to-key distance, layout position, movement
distance and so on [4]. Parhi et al. [5] had done a systematic study on the optimal target
size of touch-sensitive key under one-handed thumb operation in mobile handheld
devices. The results showed that the task completion time decreased with the increase
of target size, when the target is larger than a certain size (The key size of discrete click
operation is 9.6 mm. The key size of continuous click operation is 7.7 mm.), there is no
significant difference in click-operation error rate between five target dimensions from
small to large. Park and Han [6] studied the effect of key size on one-handed thumb
input operation. The results showed that the operation completion time was the shortest
at 7 mm and 10 mm key size, while the operation error was the least and the subjective
satisfaction was the highest when the key size was 10 mm. Bald-win and Chai [7]
explored the feasibility of online adaptive scaling algorithm for key target size, which
was different from the above two fixed button-size studies. The results showed that the
error rate of click operation could be reduced by 10.4% comparing with the standard
key size. [SO9241-9 recommended key sizes equal to at least 95% of the male index
finger width at 22.8 mm [8]. In the research of Ye et al. [9], experiment and research
were carried out from the aspects of the size and layout of the key plan based on
ergonomics principle., with aiming at the design problem of the key type of the mobile
phone operated by one hand. The results showed that the larger key was better when
the keyboard area was limited and there was no key-to-key distance. The keyboard
layout with shorter key width and slight key distance could save the operation time.

Another important design parameter to be considered in the study of key size is
key-to-key distance. The distance between two adjacent key edges, as usually indicated
by key-to-key distance. Jin et al. [10] showed that old people could obtain the highest
input accuracy under the 19.05 mm key size and the 6.35 mm key-to-key distance,
while the larger key-to-key distance resulted in a longer response time for the elderly.
The research of Wenlin Zhang [11] showed that the effect of key-to-key distance on the
operation performance was affected by the key size. When the size was smaller than
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6 mm, we should reduce the key-to-key distance as much as possible to improve the
operation correctness. On the contrary, relaxed the key-to-key distance as much as
possible. Although these characters provide a lot of empirical information, there is no
uniform standard for the design of touch screen key-to-key distance, which may
indicate that further research is needed to determine the key-to-key distance in a
specific situation.

Most of the studies on the effect of key-to-key distance on the performance,
accuracy and satisfaction of the whole interaction come from the West currently, but
there are few related studies in China. Because there are significant differences in key
anthropometric dimensions (such as finger length and width) between Chinese and
Western populations in touch screen input, the research results from the West may not
be applied to China and the user population. In addition, key shapes can have a
significant impact on the usability of touchscreen input operations. This is because
different key shapes may affect the touchable area of the key and the user’s touch
experience, a factor that has rarely received previous attention. This research mainly
takes our country user as the research object, simulates the concrete situation which
uses the touch cabinet type air conditioning under the family environment, and
investigates the effect of the distance between touch-sensitive keys with different
shapes on the performance of input operation and user satisfaction to provide reference
for the development of touch screens that meet the needs of users and can be easily
used.

2 Method

2.1 Subjects

30 Chinese adults, aged between 22 and 50, with the ratio of men to women 1:1, took
part in the experiment. All subjects’ visual acuity or corrected visual acuity were above
1.0, and all of them were right-handedness, with no psychological, mental and other
cognitive disorders. The subjects were volunteer to take part in the experiment and
filled in the informed consent form. After the experiment was completed, they are paid
a certain amount of money. All subjects had touch screen using experience, but had not
been exposed to similar tasks as in this experiment.

2.2 Task Design

Experimental Software. Considering the type of touch keys and requirements for
key-to-key distance design, the software of touch-sensitive key operation was pro-
grammed by C # on Net Framework platform in the study. The key shape, size, and
key-to-key distance could be set according to the experimental design. Key styles
including font type, size, font color and background color can also be set according to
the actual situation. Figure 1 presented the main interface for the task, mainly including
the task displaying area and the key operation area. The displaying area would present
three randomly generated numbers at regular intervals. The operating area consisted of
9 numeric keys from 1 to 9. The keys were laid according to the parameters that had
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been set. After the task was presented, the subject should be as fast and accurate as
possible to input the corresponding digital information with the digital key of the
operation area. Then the next trial began until the task was finished.

Displaying numbers 765
Inputting numbers
1 2 3
4 5 6
7 8 9

Fig. 1. Task presentation interface

Experimental Produce. The experiment adopted the method of within-group design.
The key size was 15 mm fixed which was in the range of operating comfort by
reference and pre-experiment. Then two groups of experiments were carried out,

(1) Lengthways key-to-key distance was set as 12 mm. Transverse key-to-key distance
was a with-in-group factor. Selecting 12 levels (17 mm, 19 mm, 21 mm, .
39 mm) for numeric input task. There were 12 tasks, each including 20 trials.
(2) Transverse key-to-key distance was set as 12 mm. Lengthways key-to-key distance
was a with-in-group factor. Selecting 12 levels (17 mm, 19 mm, 21 mm, .
39 mm) for numeric input task. There were 12 tasks, each including 20 trials.

.oy

.oy

In order to avoid the effect of the fatigue effect on the results of the experiment, in the
course of performing the above 24 tasks, the subjects were required to perform 4 tasks
and then rested for 5 min. After each task was finished, the subjects were asked to give
a satisfaction rating for the operation under the corresponding key-to-key distance. The
subjective rating scale was shown in Fig. 2. It was divided into five levels, 1 to 5
pointed correspondingly to most unsatisfactory, more unsatisfactory, general, more
satisfactory, and most satisfactory respectively. After each task, the software auto-
matically recorded the error rate and average response time of each task.

1 2 3 4 5
L | | | J

most unsatisfactory more unsatisfactory general more satisfactory most satisfactory
Fig. 2. Subjective rating scale
The experiment was arranged in a relatively quiet environment. Before testing, the

actual use of air conditioning touch-sensitive keys should be considered. The final
determination of the experimental test posture was a standing posture test. The touch
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screen was placed upright. The touch screen laptop was placed on the lift Table.
Subjects could adjust their height on the basis of comfort.

2.3  Statistical Method

The results of behavioral performance of touch-sensitive key manipulation tasks in 30
subjects with different parameters were collected. At the same time, we also recorded
the satisfaction rating of the variables after each operation. Firstly, we used Matlab
programming to realize the fast collection and arrangement of reaction time and error
rate in the original Table of software record. Then the data was analyzed by using the
statistical software SPSS 19.0. One-way ANOVA was used to analyze the performance
data (reaction time and error rate) of touch-sensitive keys with different shapes under
different transverse and lengthways key-to-key distances in the study. Then S-N-K post
hoc test was used to carry on the pairwise comparison. All significant levels were
o = 0.05.

3 Result

3.1 Rounded Corner Touch-Sensitive Keys

Results and Analysis of Operation Under Different Transverse Key-to-Key
Distances. Figure 3 showed the changing trend of task performance with transverse
key-to-key distances for rounded corner touch-sensitive keys. It can be seen that with
the increase of transverse key-to-key distances, the average reaction time and error rate
were stable, and there was no obvious variation tendency. One-Way ANOVA was used
to study the reaction time and error rate of keys at different transverse key-to-key
distances. The results were shown in Tables 1 and 2 respectively. All of them were in
P > 0.05, that was, the main effect of transverse key-to-key distance was not signifi-
cant. It could be inferred that when the size of the touch-sensitive keys was selected
properly, the selection of the transverse key-to-key distance of the keys had little effect
on the efficiency and accuracy of the operation of the touch-sensitive keys.

Figure 4 showed the curve of the subjective satisfaction scores varying with the
transverse key-to-key distances of the rounded square touch-sensitive keys. It could be
seen from the diagram that the subjective satisfaction increased firstly and then
decreased with the increase of transverse distance.

In summary, when the size of the touch keys was selected properly, the transverse
key-to-key distances of the rounded corner touch-sensitive keys had no effect on the
efficiency and accuracy of the task operation. Subjective satisfaction of users was
dominant. It could be inferred that the moderate transverse key-to-key distances played
an important role in the aesthetics of the key layout, resulting in an inflection point in
the trend of the users’ satisfaction. Satisfaction score > 3.5 was selected. It was rec-
ommended that the transverse key-to-key distance range of rounded corner keys was
set between 6—12 mm.
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Fig. 3. Behavior performance with different transverse key-to-key distances

Table 1. One-way ANOVA results of reaction time with different transverse key-to-key
distances

Sum of squares | df | Mean square | F Sig.
Between group | 194307.389 11 |17664.308 | .657|.779
Within group |9361079.933 | 348  26899.655
Total 9555387.322 | 359

Table 2. One-way ANOVA results of error rate with different transverse key-to-key distances

Sum of squares | df | Mean square | F Sig.
Between group | .036 11 |.003 1.086 | .371
Within group | 1.051 348 | .003
Total 1.087 359

subjective score

2 4 6 8 10 12 14 16 18 20 22 24

Transverse key-to-key distance (mm)

Fig. 4. Subjective satisfaction scores with different transverse key-to-key distances

Results and Analysis of Operation Under Different Lengthways Key-to-Key Dis-
tances. Figure 5 showed the trend of task performance with lengthways key-to-key
distance for rounded corner touch-sensitive keys. It could be seen that the average
reaction time and error rate were stable with the increase of longitudinal distance, and
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there was no obvious variation tendency. One-way ANOVA was used to study the
reaction time and error rate of keys at different lengthways key-to-key distance. The
results were shown in Tables 3 and 4. All of them were in P > 0.05, that was, the main
effect of lengthways key-to-key distance was not significant. It could be inferred that
when the size and size of the touch-sensitive key was suitable, the selection of the
longitudinal distance of the key had no effect on the efficiency and accuracy of the

touch-sensitive key operation.
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Fig. 5. Behavior performance with different lengthways key-to-key distances

Table 3. One-way ANOVA results of reaction time with different lengthways key-to-key

distances

Sum of squares

df

Mean square

F

Sig.

Between group | 291036.022
Within group | 7313350.600
Total 7604386.622

11
348
359

26457.820
21015.375

1.259

247

Table 4. One-way ANOVA results of error rate with different lengthways key-to-key distances

Sum of squares | df | Mean square | F Sig.
Between group | .040 11 |.004 1.034 | 415
Within group |1.238 348 | .004
Total 1.278 359

Figure 6 showed the curve of the subjective satisfaction scores along with the
lengthways key-to-key distance of the rounded corner touch-sensitive keys. It could be
seen from the diagram that the subjective satisfaction score increased firstly and then
decreased with the increase of lengthways key-to-key distances.
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Fig. 6. Subjective satisfaction scores with different lengthways key-to-key distances

In summary, when the size of the touch-sensitive keys was selected properly, the
lengthways key-to-key distance of the rounded corner touch-sensitive keys had no
effect on the efficiency and accuracy of the task operation. Therefore, the subjective
satisfaction of the users was dominant, and it could be inferred that moderate length-
ways key-to-key distance played an important role in the beauty of the key layout. As a
result, there was an inflection point in the variation tendency of user satisfaction.
satisfaction scores of more than 3.5 were chose. It was suggested that the lengthways
key-to-key distance range of rounded corner keys was 6-14 mm.

3.2 Round Touch-Sensitive Keys

Results and Analysis of Operation Under Different Transverse Key-to-Key Dis-
tances. Figure 7 showed the changing trend of task performance with transverse key-
to-key distances for round touch-sensitive keys. One-way ANOVA was used to study
the performance of key operation under different transverse key-to-key distances. The
results were shown in Tables 5 and 6. For reaction time, the main effect of transverse
key-to-key distances was obvious (F = 2.788, P < 0.05). Further pairwise comparison
by S-N-K-hoc test showed that there was a significant difference between the transverse
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Fig. 7. Behavior performance with different transverse key-to-key distances
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Table 5. One-way ANOVA results of reaction time with different transverse key-to-key
distances

Sum of squares | df | Mean square | F Sig.
Between group | 505557.164 11 |45959.742 | 2.788|.002
Within group | 5737563.700 | 348 | 16487.252
Total 6243120.864 | 359

Table 6. One-way ANOVA results of error rate with different transverse key-to-key distances

Sum of squares | df | Mean square | F Sig.
Between group | .045 11 |.004 992 | 453
Within group |1.451 348 | .004
Total 1.496 359

key-to-key distances of 39 mm and other distances. The rest were in a subset with no
significant differences. The main effect on the transverse key-to-key distances of the
error rate was not significant (F = 0.992, P > 0.05). Therefore, it could be inferred that
when the size of the touch-sensitive keys was selected properly, the selection of the
transverse key-to-key distances of the keys had no effect on the efficiency and accuracy
of the operation of the touch-sensitive keys.

Figure 8 showed the curve of the subjective satisfaction scores varying with the
transverse key-to-key distances of the round touch-sensitive keys. It could be seen from
the diagram that the subjective satisfaction increased firstly and then decreased with the
increase of transverse distances.
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Transverse key-to-key distance (mm)

Fig. 8. Subjective satisfaction scores with different transverse key-to-key distances

Based on the above analysis, when the size of the touch-sensitive keys were
selected properly, the transverse key-to-key distances of the round touch-sensitive keys
had no effect on the efficiency and accuracy of the task operation. The subjective
satisfaction of the users was dominant, and it could be inferred that moderate transverse
key-to-key distances played an important role in the beauty of the key layout.
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Therefore, there was an inflection point in the trend of users’ satisfaction. scores of
more than 3.5 was chose for satisfaction. It was suggested that the transverse key-to-
key distance range of round keys should be 6—12 mm.

Results and Analysis of Operation Under Different Lengthways Key-to-Key Dis-
tances. Figure 9 showed the trend of task performance with lengthways key-to-key
distance for round touch-sensitive keys. One-way ANOVA was used to study the
performance of key operation under different lengthways key-to-key distance. The
results were shown in Tables 7 and 8. For the average reaction time, the main effect of
lengthways key-to-key distance was significant (F = 2.116, P < 0.05). Further pairwise
comparison by S-N-K-hoc test showed that the reaction time of keys with different
lengthways key-to-key distance was distributed in the same subset, that was, there was
no significant difference between them. The main effect on the lengthways key-to-key
distance of the operating error rate was not significant (F = 1.69, P > 0.05). It could be
inferred that the selection of the lengthways key-to-key distance had no effect on the
efficiency and accuracy of the touch-sensitive key operation when the size of the touch-
sensitive key wad suitable.
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Fig. 9. Behavior performance with different lengthways key-to-key distances

Table 7. One-way ANOVA results of reaction time with different lengthways key-to-key
distances

Sum of squares | df | Mean square | F Sig.
Between group | 443929.964 |11 |26457.820 |1.259|.247
Within group | 6638447.900 |348 21015.375
Total 7082377.864 | 359

Table 8. One-way ANOVA results of error rate with different lengthways key-to-key distances

Sum of squares | df | Mean square | F Sig.
Between group | .070 11 |.006 1.690 | .074
Within group | 1.307 348 | .004
Total 1.377 359
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Figure 10 showed the curve of the subjective satisfaction scores along with the
lengthways key-to-key distances of the round touch-sensitive keys. It could be seen
from the diagram that the subjective satisfaction scores increased firstly and then
decreased with the increase of lengthways key-to-key distance.
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Fig. 10. Subjective satisfaction scores with different lengthways key-to-key distances

In summary, the lengthways key-to-key distance of the round touch-sensitive keys
had no effect on the efficiency and accuracy of the task operation when the size the
touch-sensitive keys was selected properly. Therefore, the subjective satisfaction of the
users was dominant, and it could be inferred that moderate lengthways key-to-key
distance played an important role in the beauty of the key layout. Therefore, there was
an inflection point in the trend of users’ satisfaction.

4 Discussion

The distance layout of touch-sensitive keys was studied by combining subjective and
objective methods in the study, and the recommended range of transverse and
lengthways key-to-key distance of touch-sensitive keys with different shapes is
obtained. In this way, the touch-sensitive key layout design of household appliances
electronic products represented by vertical air conditioning can avoid the complicated
interface caused by unreasonable key-to-key distance design, and ensure the simplicity
and efficiency of interface design. In addition, different shapes of touch-sensitive keys
are studied, the results are more accurate and comprehensive. When the size of the
touch-sensitive keys is appropriate, the size of the transverse and lengthways key-to-
key distance of the keys has little effect on the performance of the key operation. But
this does not mean that the key-to-key distance can be designed at will, because the
subjective perception of different key-to-key distance is not always at the best level.
According to the subjective evaluation results of different key-to-key distance, the
subjective satisfaction degree of keys increases firstly and then decreases with the
increase of key-to-key distance, that is, they belong to a non-positive correlation trend,
which is different from the previous conclusions [11, 14]. Therefore, in the actual
design of touch-sensitive key-to-key distance, we should not only consider the per-
formance of the operation of the key-to-key distance in the corresponding task situa-
tion, but also take into account the subjective experience of the users at the same time.
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5 Conclusion

In summary, the method of subjective and objective combination is used to explore the
distance between touch-sensitive keys. On the basis of fully ensuring the efficiency and
accuracy of the key operation, and taking into account the satisfaction of the user
experience, the final result is obtained: when the size of the touch-sensitive keys is
appropriate, the size of the transverse and lengthways key-to-key distance of the keys
has little effect on the performance of the key operation. Therefore, the main consid-
eration is the subjective satisfaction of the users.

For rounded corner touch-sensitive keys, the recommended range of transverse
key-to-key distance is 6 mm—12 mm, meanwhile lengthways key-to-key distance range
is 6 m—14 m. For round touch-sensitive keys, the recommended range of transverse
key-to-key distance is 6 mm—12 mm, meanwhile lengthways key-to-key distance range
is 6 mm—-16 mm.
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Abstract. Public information guidance system plays an increasingly important
role in the normal operation of railway passenger stations. National Graphical
Symbol Standardization Technical Committee has investigated the public
information guidance systems of 57 representative railway passenger stations.
Nearly 290 main problems are summarized from standardization of guiding
elements’ design, systemic degree of factor setting, coordination of guidance
system planning and architectural design, which provides reference for further
optimizing and improving the public information guidance system of railway
passenger stations.

Keywords: Railway passenger station * Public information guidance system -
Wayfinding system

1 Introduction

Till the end of 2017, China’s railway operating mileage reached 127,000 km, an
increase of 2.4% over the previous year. Among them, the high-speed railway oper-
ating mileage reached 25,000 km. The national railway network density reached
132.2 km/10,000 kmz, an increase of 3.0 km/10,000 km? compared with the previous
year. The number of railway passengers sent was 3.084 billion, an increase of 270
million over the previous year, an increase of 9.6% [1], accounting for 16.6% of the
total passenger traffic in the country [2]. Railways play an increasingly important role
in passenger transport. As a node of the railway network in the city, the railway
passenger station usually forms an integrated transportation hub with other urban
transportation systems, and is an important public transportation facility for carrying
passengers. The quality and efficiency of public space of railway passenger stations
determine the quality and feeling of passengers’ railway travel to a certain extent, and
the construction level of public information guidance system for railway passenger
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stations is one of the important factors determining the efficiency of public space use of
railway passenger stations.

In recent years, with the operation and rapid development of high-speed railways, a
series of national standards that regulate the public information guidance system for
railway passenger stations were issued, laying a foundation for improving the stan-
dardization level of railway passenger public information guidance systems, and pro-
moting railway passengers. The public information guidance system became the
“standard configuration” when the new railway passenger station was rebuilt.

During 2016-2017 National Graphic Symbol Standardization Technical Committee
investigated 57 public information guidance systems in representative railway pas-
senger stations. The purpose was to investigate the current status of railway passenger
public information guidance systems and provide suggestions for managers from dif-
ferent railway passenger stations. Those suggestions included the theory and practice of
guidance system construction, reference for further optimization. The survey summa-
rized nearly 290 major problems of each station from three aspects, including non-
standardization design of guidance elements, poor systemization setting of guidance
elements, and disconnection between planning and architectural design.

2 Survey Plan

Based on the main technical content stipulated in the relative national standards,
combined with the passengers’ demand for the public information guidance system of
railway passenger stations, the project team designed a set of survey plans, and con-
ducted survey on the status quo in three aspects: standardization of information ele-
ments, standardization of guidance elements, and standardization setting of guidance
systems.

2.1 Standardization of Information Elements

The information element is an undividable and meaningful component which consti-
tutes each piece of guidance information in the public information guidance system,
generally including graphical symbols (including direction symbols), words and colors.
The content and usage requirements of those three most basic information elements are
standardized in Chinese National Standards on Public Information Guidance Systems.
The survey plan includes six aspects, whether to use the graphic symbols in the
national standard, whether the new design graphic symbols meet the design standard
requirements, whether the color used matches color scheme requirements, whether to
use the safety color and safety shape in the national standard, whether to use the
standard Chinese and English, etc.

2.2 Standardization of Guidance Elements

The guidance elements are carriers that carry wayfinding information of public infor-
mation guidance systems. It is formed by combining one or several information ele-
ments and transmits single or comprehensive wayfinding information. According to the
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current national standards, the main guidance elements include: location signs, direc-
tion signs, location plans, information index signs, and block guidance map and por-
table prints. According to the design specifications and key points of each type of
guidance elements, the survey plan has compiled survey contents for them. For
example, the survey contents for location plan includes whether the design of the
single-floor plan is standardized, whether the design of the multi-floor plan is stan-
dardized, and whether the location plan with a fixed setting point specifies the current
position of the observer, and so on.

2.3 Standardization Setting of Guidance Systems

Public information guidance system is a sign system consisting of guidance elements to
guide people to move orderly in public places [3]. In accordance with the current
national standards, when using various types of guidance elements in combination, it is
necessary to ensure it normative, systematic, conspicuous, clear, coordinated and safe
[4] to ensure the standardization of the overall system.

3 Results and Discussion

More than 12,400 pictures were taken on the scene. And nearly 290 main problems
sorted out from each station. Those problems are mainly reflected in the following four
aspects, e.g. non-standardized use of information element, non-standardized design of
guidance elements, poor systematized setting of guidance elements, and disconnection
between guidance system planning and architectural design.

3.1 Non-standardized Use of Information Element

Non-standardized Use of Graphical Symbols. Formed with graphics, graphical
symbol is a kind of visual language that information transmission is not depended on
the text languages and affected by cultural background [5]. It has the advantages of
easy to understand, easy to remember, beautiful and simple. So it is widely used in the
public information guidance system for railway passenger stations. The non-
standardized use of graphical symbols found in the survey includes: non-usage of
graphical symbols, non-usage of graphical symbols in national standards, distortion of
graphical symbols, etc. (See Fig. 1).

Non-standardized Use of Chinese Language. Standard Chinese characters are the
common language in China. In the public information guidance system of railway
passenger stations, Chinese is often used as the auxiliary text of graphical symbols or
separately used to transmit passenger-related information. The non-standardized Chi-
nese usage problems found in the survey are non-common Chinese words, lengthy or
fuzzy Chinese expressions, and non-match auxiliary texts and graphic symbols (or
information) (see Fig. 2).
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Fig. 1. Non-standardized use of graphical symbols

Non-standardized Use of English Language. When two languages are used simul-
taneously in guidance elements, Chinese is preferred, and the second text should be
English [6]. The survey found that the use of non-standard English (see Fig. 3) can be
classified into two major categories, e.g. language errors and pragmatic failures [7].
Language errors mainly include spelling mistakes, improper use of words, and
inconsistency between Chinese and English. Pragmatic errors include Chin-English
and improper occasions.

3.2 Non-standardized Design of Guidance Element

Non-standardized Layout. The layout of the guiding elements plays a key role in
judging the direction of the observer’s travel direction and judging the information
grouping relationship. The layout of various common information elements is already
standardized in the national standard [6]. The survey found that due to the influence of
traditional symmetry and aesthetics, the layout is not standardized (see Fig. 4),
including: improper layout of direction arrow, improper relation of graphic symbols
and texts.

Missing Important Information Element. Each type of guidance element is com-
posed of a variety of information elements. In the survey, it is found that the missing
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important information elements problems mainly include (see Fig. 5): missing direc-
tion arrow in the direction signs, missing “observer position” in the location plan, and
wrong orientation of location plan.

3.3 Poor Systematized Setting of Guidance Elements

Unreasonable Configuration of Guidance Elements. A perfect public information
guidance system is composed of various guidance elements. There are five types of
static guidance elements commonly used [8]: location signs, direction signs, location
plans, block maps, and information index signs. Each guidance element has taken an
important part in the wayfinding chain.

It is found that among the above five types of guidance elements, only two types can
often be seen in the public information guidance system of railway passenger stations,
which are location signs and direction signs (see Table 1), while lack of information
about the space layout and function distribution of the station which provide by
location plans and information index signs. Especially in key locations such as
entrances (Fig. 6) and exits, stairs, elevators, escalators, etc., guidance elements are
often missing, resulting in passengers unable to quickly form a “mind map” of the
station space.
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Unreasonable Setting Guidance Elements on Key Point. Public information guid-
ance system of railway passenger station is composed of three interrelated subsystems
such as the station front square wayfinding system, the inbound wayfinding system and
the outbound wayfinding system [9]. It was found that problems often occur at places
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Missing direction arrow in the direction signs Missing "observer position" in the location
plan

Wrong orientation of location plan

Fig. 5. Missing important information element

Table 1. Configuration ratio of guidance elements

Type of guidance elements | Configuration ratio
Location signs 100%

Direction signs 100%

Location plans 54.5%

Block maps 13.6%
Information index signs 0%

around security inspection, ticket check, stairs, underground or overpass. The unrea-
sonable setting of guidance elements on these nodes (see Fig. 7) greatly affects the
effectiveness of passenger flow. Station managers often make up by adding new signs,
but the results are unsatisfactory.

Insufficient Coordination of Information Elements. Coordination of information
elements is mainly reflected in two aspects: the graphic symbols or characters that
represent the same meaning in the same system need to be coordinated, and the design
style of similar guidance elements needs to be coordinated. Due to the impact of the
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Fig. 6. Missing information index sign

Around stairs Around security inspection

Fig. 7. Unreasonable setting guidance elements on key point

maintenance and update of signs, it was found that guidance elements set at the same
time had the problems like inconsistent graphic symbols or texts, and various design
style (see Fig. 8).

3.4 Disconnection Between Guidance System Planning and Architectural
Design

It was found the disconnection between construction of the railway passenger station
and the planning of the public information guidance system was obvious. Sometimes,
during the architectural design of the station, embedded installation points have not
been pre-set. Therefore, it is difficult to install the guidance elements at the optimal
location. Those elements were install based on existing conditions, which caused many
problems. For example, the guidance elements are difficult to install in a position
perpendicular to the passenger travel direction; the setting height of the guidance
elements is too low to observe (see Fig. 9).
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4 Optimize Design

According to the main problems of each station, based on the requirements of national
standards, representative problems were selected to carry out the optimize design of
public information guidance system (see Fig. 10).
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5 Conclusion

5.1 Improve Top-Level Design

Various undertaking stakeholders involved in the construction of the public informa-
tion guidance system for railway passenger stations lack effective communication
mechanisms in information sharing and cooperation. The various standards and norms
used in planning, construction and construction process have made the coordination
more difficult. The work targets and responsibilities of those stakeholders are not clear
enough. Cooperation between them are not tacit, and there are phenomena such as
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avoidance, delay, and unclear responsibilities, which affect the smooth progress of
whole project.

5.2 Strengthening the Promotion and Implementation of National
Standards

It is important to strengthen standardization education and improve the standard
application and public information guidance system. It is necessary to organize the
study and training of relevant laws and standardized knowledge relative professionals.

5.3 Carry Out Standardization Pilot Work

It is necessary to select important projects to carry out pilot work of guidance systems,
especially those with huge passenger flow, intensive wayfinding demand and difficult
guidance problems.
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Abstract. This study aims to contribute to the knowledge regarding the process
of decoding Brand Marks and the perception of the Visual Identity of food
products. Specifically, understanding how people understand the styles and con-
notations of Brand Marks in a given culture. The research is based on the visual
identity of Olive Oils and Cheeses with DOP certification from the interior region
of Portugal. The investigative process was conducted as Project-grounded
Research, using a mixed methodology. The non-interventionist methodology
included the review of the literature, the study of descriptive cases and question-
naires, while the active investigation comprised a study of exploratory cases based
on the redesign of the visual identity of cheeses and olive oils. The research is
organized in a Study 1 (non-interventional research) and Study 2 (active or
exploratory research) on 15 brands of olive oil and 15 brands of cheese. The
analysis of the data is based on the levels of semiotics of Semantics and Semantics
and Pragmatics (through questionnaire) of Brand Marks and labels, using tools that
exam the effectiveness of the Visual Identity of the brand, which in itself is one of
the results of the research, along with the Brand Marks (re)design guidelines.

Keywords: Brand Marks - Connotations * Graphic style - Recognition -
Decoding - Comprehension - Agri-food sector

1 Introduction

This article refers to an investigative process on the effectiveness of the Visual Identity
of food products - Olive QOils and Cheeses - and its purpose is to contribute to the
knowledge about how the graphic characteristics contribute to the understanding,

valorization and formation of the brand.

In most cases, the sustainability and commercial success of food products also
depends on the efficiency of the Visual Identity in making known, positioning,
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differentiating the brand and persuading in a given market. Even so, not only is it
common to verify the use of amateur practices in the Visual Identity design of food
products, as are studies on these projects are almost non-existent. Designers and
entrepreneurs have been making empirical decisions about the design of the Visual
Identity of food products, based on a limited knowledge of market culture, the com-
munication of competitors, the profile and expectations of the public and without being
implemented control measures or brand management.

Particularly in the scenario of the economic crisis of recent years, investment in
innovation processes have focused on production, product characteristics and raw
materials, contrasting with the lack of commitment to the design of communication.

However, in studies such as that of Oliveira and Alcobia [1], it is reported that the
consumer unconsciously formulates a notion of value of the product (cheap, expensive,
good, bad, popular, etc.) based on the visual characteristics of the signs associated with
it, which is why “(...) if the consumer does not have an idea formed before entering a
commercial space they can be influenced by the communication at the point of sale.”
The study of Oliveira and Alcobia [1] shows the importance of a communication
process in this particular sectoral environment, which is crucial in promoting, pro-
jecting and positioning a product on the market.

Thus, the effectiveness of communication requires that the design process be
developed based on data other than the personal taste of the designer or client, but
rather on a set of information about symbolism, perception, culture and social behavior
in a given context. This requirement is well expressed by Frascara [2] when they say
that the meaning of the message must relate to the interests of the target audience.

Visual identity signs must be selected, designed and articulated with a purpose and
in such a way that they constitute a code that corresponds to the personality of the
brand in a context [3]. However, many Visual Design projects fail because of lack of
brand data in their context and strategic foundation, eventually falling into misallocated
formal solutions [4].

The process that we set out to investigate, of understanding and appreciation, shows
the dependence that the graphic signs have of the people who give them meaning and
value.

Signs make sense through the work of social interaction and gain value when they
are appropriated by people, associating itself with secondary meanings, emotions,
experiences, values or ideas. For this reason, it is important to study how graphic signs
are drawn, communicated and perceived by the public.

The Brand Mark (logo and/or symbol) functions as a “commercial ambassador” and
sign of the company, essential in the creation of the first notion of value, but also as the
main element of identification and differentiation in the sales space. Over time, Brand
Mark carries the secondary meanings and associations of the brand and therefore has a
considerable contribution in the transmission of the values of the company, in the
representation and identification of the producer or brand notion, as well as in the
expression of the quality of the product that contributes to confidence and credibility
that can influence purchase. However, Brand Mark must be analyzed in context of use,
often on a label or packaging or in the product, where its graphic components relate to
others to create a super meaning.
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The communication of the brand takes place in several media more or less
simultaneous and in a wide interval of time in which diverse messages and different
meanings are related by the target public, giving origin to a global perception on the
brand. Considering that the first contact with the brand can occur in moments, with
different supports and contexts, the Visual Identity fulfills the function of impacting,
guaranteeing the recognition, understanding, valuation and persuasion, implying the
adoption of graphic codes and contents that agree with the culture and recipient
interests [5].

Thus, this study focuses on the analysis of graphic characteristics at the level of
anatomy, form, iconicity scale (from iconic representation to the abstract), the
expression, color, typography and composition of the Brand Mark and on the label and
primary packaging. The label in particular is a complex compound to be analyzed,
because of its diversity of elements and the way they relate to each other, however, as
Swann said, the effectiveness of the message depends on the correct selection of the
graphic elements and the relationship among them.

The processes of analysis and redesign of Visual Identity (Brand Marks and labels
in the primary packaging or product) are based on the three levels of semiotics, pro-
posed by Charles Morris in 1946: the semantics; the syntactic and the pragmatic.
Semantics refers to the study of the meaning attributed to Brand Mark (which is
represented); the syntactic refers to the syntax, that is, to the rules and principles that
govern the organization of signs (as represented graphically); and Pragmatics concerns
the influence of the context and the culture of the recipient in assigning an overall
meaning to the Brand Mark relationship with the communication medium label and
packaging.

The selection of the symbolic contents to be associated to the brand (personality,
culture, vision and brand values) corresponds to the level of Semantics, while the
Syntactic refers to the way in which it is given, to the style and graphic expression to
denote and to connote through the graphic signs (Brand Mark and other visual media).
The decoding or understanding results from the interpretation of Brand Mark and other
visual media, made by the recipient in a context of use, based on their culture and
repertoire of experiences. Perception implies that the receiver seeks out, selects, relates,
organizes, and establishes connections to understand [2].

2 Methodology

This research has the following research question: What graphic characteristics of the
Visual Identity (IV) of Food Products, particularly Olive Oil and Cheeses, contribute
better to its understanding and appreciation?

From here this hypothesis was defined: the graphic components of Brand Mark and
the label condition the understanding and valorization (pragmatic). It is not only about
what is represented (semantics), but also about how it is designed, correlated and used
visually (syntactically).

The investigative process is divided into two studies. Study 1 corresponds to the
non-interventionist research on Brand Marks in the market, while Study 2 refers to
Active Interventional Research concerning the redesign and analysis of Brand Marks.
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During the noninterventionist phase, a review of the literature was carried out and
the research, collection and analysis of thirty Brand Marks and respective labels of
Olive Oils and Cheeses from the Central Region of Portugal were carried out. Sub-
sequently, the Brand Marks were analyzed visually for the variables under study and
the analysis of their graphic characteristics: shape anatomy, scale of iconicity (from real
to abstract), expression, color, typography, composition (symbol, logo, signature). In
the same phase, questionnaires were carried out with olive oil and cheese consumers
living in mainland Portugal, most of the central region of Portugal (NUTSII), then the
Algarve, aged 18-25, 26-35, 3645, 46-56, 57-65, >66. This first questionnaire aimed
to obtain results on the Visual Identity of 15 olive oil brands and the Visual Identity of
15 brands of cheese, available in the market, allowing for the detection of common
denominators that contribute to the understanding and type of valuation. Study 1
allowed us to consolidate and redefine the parameters and analysis processes appro-
priate to Brand Marks.

Study 2 corresponds to Active Intravenous Research, in which an Exemplary Case
Study was developed which consisted in the (re)design of four Brand Marks (two
Cheese and two Olive Oil) that obtained worse results in the analysis and Study
questionnaires 1. After redesigning the Brand Marks and labels, a new questionnaire
survey was conducted, using the questionnaire adapted from Study 1.

The results of both questionnaires were compared and challenged with objectives,
research questions and hypotheses.

2.1 Semantics, Syntactic and Pragmatics in the Analysis and Design
Process

The relationship between the levels of Semantics, Syntactics and Pragmatics is a
methodology applicable to the design project - what we call the Triad of the Creation of
Meaning during Communication, in which the results of one level condition the fol-
lowing and are interdependent with each other. Its articulation establishes the efficacy
level of the brand’s Visual Identity and its particular analysis allows us to analyze and
define criteria for selection, design and control of graphic signs.

Semantics is relevant in data analysis and diagnosis (characterization of the brand
profile in its context, signs and strategy meet the requirements, there are minimal
problems, there are serious problems in an appropriate brand strategy, or the concept
and strategy are inadequate) of signs and identity values, as well as in the selection of
symbols and formulation of concepts associated with the brand according to market
premises that include the positioning considering the competitors and expectations of
the public, as well as the definition of the personality of the brand.

In this sense, the Syntactic corresponds to the graphic representation or design of
the signs or concepts of the brand, how the visual syntax and the rules of use of the
signs materialize - shape, color, typography, style and expression, a Brand Mark and a
system of Visual Identity of Brand - Correspondence to the meanings of the Brand;
visual contrast ability and fascination power; easy identification and memorization;
high readability and ease of reproduction; longevity; coherence, articulation and
graphic-semantic interdependence within the identity system. Ensuring that signs of
identity have the capacity for visual contrast and power of fascination is more important
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than ensuring its graphic simplicity [2]. However, according to Harris [5], the important
thing is not to generalize, the essence being to adapt the Brand Mark to its time, to its
brand personality in a given market and according to the culture and profile of the
target audience.

According to Doyle and Bottomley [7], typographical selection stems from its role
in the context of visual identity and brand communication, so its origin and context, its
shape and graphic characteristics must be taken into account - symbolic in their
articulation with the graphic symbols, performance at the level of legibility, readability
and possible connotations or secondary associations. In the literature on typographic
connotations [8], the typography and type of packaging and product valorization (low,
medium, high quality, low, medium, high, etc.) perceived meaning of Brand Mark [5].

Pragmatics refers to the decoding or understanding of the Brand Mark in its context
of use, i.e. a label on the packaging or product in a given market and culture. According
to Schwarzfischer [8], the pragmatic dimension includes and relates semantics and
syntactics, so that in terms of the design process these levels must be pragmatically
oriented. Pragmatics increases capacity to differentiate and foster the memorization of a
Brand Mark beyond what the Syntactic level allows, since the process of decoding and
understanding implies an appropriation and analysis of the recipient [2].

Thus, in the context of this research and considering the Olive Oils and Cheeses’
Visual Identity, the analysis focuses on the Brand Marks existing at the level of
Semantics (what is represented), Syntactics (as represented) and these in their context
of use - label on the packaging at the level of Pragmatics (as they are decoded or
understood).

2.2 Graphic Elements of Visual Identity of Olive Oil and Cheese’ Brand

Considering that small producers of Olive Oil or Cheese tend to limit Brand Identity to
Brand Mark, label and packaging, this research focuses on these identity components.

In terms of Brand Mark, it is necessary to analyze the graphical form, including the
composition, arrangement of the components, the alignment between symbol and logo
or in the case of a logo, the arrangement between the words that compose it.

In the label, the shape refers to the limits and field space with graphic content, to the
square, rectangular, round or other format, which in itself can be a sign of identity and
differentiation [4].

The categorization process, typographic organization, is not consensual, which is
why the classification adopted by the Association Typographique Internationale
(ATypl) was adopted in 1967 based on the Maximiliam Vox model of 1954, which will
be used in the syntactic analysis of Brand Marks.
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Castelo Branco at Serra da Estrela connotations.
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and the sun.
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size and contrast. size and contrast. on the symbol.
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size and contrast.
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TYPOGRAPHY Garalde Garalde Transitional Script Glyphic

Fig. 2. Process of semantic and syntactic analysis (Laginha and Raposo, 2017).

3 From Non-interventional Research and to Active
Interventional Research

Prior to Study 1 and 2, we performed the Semantic and Synthetic Analysis of the Brand
Marks of 15 Olive Oils and 15 Cheeses. Subsequently, the Identity of 15 Olive Oils and
15 Cheeses were evaluated through a questionnaire related to the respective Brand
Mark and label, followed by data collection and discussion of results.

In Study 1 the questionnaire technique was used to collect data at the level of
Pragmatics, that is, the decoding and understanding of Brand Mark in its context of use,
carried out by consumers.

In parallel to the questionnaires, a semantic and syntactic analysis was performed
on the same Brand Marks evaluated in a questionnaire to identify and evaluate all the
elements that form them individually - the represented content, typography, compo-
sition, color and type of expression (from the abstract to the figurative). This study
served to relate the graphic characteristics of the brands to the consumers’ consider-
ations through the questionnaires.

In order to carry out this analysis, it was necessary to decompose the Brand Marks
and individually evaluate their elements. With regard to semantics, it was necessary to
describe exactly what is represented and to read the brand name.

The Brand Marks were divided into two groups, those that include a symbol and
those that only have a logo, trying to find out if the brands with symbols would have
been more positive at the level of decoding and understanding.
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Brand é}% ?}%‘ ”‘3\' A m N
Mk S Estacal e e
FIDORE PICOTO
Olive oil 62,7% 53,3% 88% 48% 20% 6,7%
Wine 13,3% 33,3% 4% 14,7% 18,7% 6,7%
oil 24% 133% 8% 30,7% 6,7% 1,3% 9,3%
Juice - 6,7% 1,3% 4% - -
Buy Intention
41,3% 30,7% 49,3% 44% 81,3% 48%
No 21,3% 22,7% 58,7% 69,3% 50,7% 56% 18,7% 52%
Price Rating
Low 16% 32% 49,3% 69,3% 25,3% 29,3% 2% 22,7%
Medium 37,3% 34,7% 28% 20%
High 46,7% 8% 16% 2,7% 21,3% 20% 33,3%
Quality Rating
Poor 2,7% 8% 17,3% 28% 6,7% 29,3% 2,7% 9,3%
Medium 30,7% 22,7% 29,3% 33,3%
Good 30,7% 18,7% 12% 29,3% 38,7%
Excellent  30,7% 6,7% 8% 1% 41,3% 5,3% 14,7% 10,7%
Classification Concept
Conservative  9,3% ‘EEE 18,7% 21,3% 14,7% 20% 8% 40%
Modern 14,7% 10,7% % 16% 8%
Rustic 4% 13,3% 10,7% 213% 5,3% % 8%
Technology  2,7% 6,7% 8% 2,7% 8% 5,3% 9,3%
Luxurious  29,3% 4% 5,3% 5,3% 5,3% 4%
Banal 21,3% 28% 6,7% 20% 33,3% 5,3%

Fig. 3. Study 1 - results of the Olive Oil brand questionnaires (Laginha and Raposo, 2017).
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Fig. 4.

Study 1 - analysis table for Olive Oil brands (Laginha and Raposo, 2017).
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The analysis of the Brand Marks symbols was based on the type of graphic sign
(Fig. 1) (Laginha, Raposo and Neves, 2016) [9] since the proposals by Moles [10] and

Villafafie [12] were defined for images, diagrams and diagrams, lacking the Brand
Marks.

Positive Brand >

IVM QUALITY (Analysis of questionnaires / n° of +)

Negative Brand

|EEE P

—- »

:
;
é

Low

Medium

Hight

>

BRAND POSITION ON VALUE SCALE (PRICE)

Fig. 5. Study 1 - dispersion chart - Olive Oil brands (Laginha and Raposo, 2017).

The new iconicity scale for Brand Marks allows in the Semantic and Synthetic
Analysis of the Brand Marks of 15 Olive Oils and of 15 Cheeses (Fig. 2) the cate-
gorization of the symbols of the brands in a more detailed form.

3.1 Study 1

Regarding the questionnaires from Study 1 (Fig. 3), these included the Visual Identity
of 15 brands of olive oil from 360 respondents, of whom 57% were women and 43%
men, consumers of olive oil, resident in mainland Portugal and aged in the following
age groups from 18 to 25 years (48%), from 26 to 35 (7%), from 36 to 45 (24%), from
46 to 56 (16%), from 57 to 65 (3%) and over 66 years (2%).

In the same sense, the questionnaire was applied to 360 respondents, of which 65%
were women and 35% men, with ages ranging from 18 to 25 years (52%), from 26 to
35 (14%), from 36 to 45 (15%), from 46 to 56 (15%), from 57 to 65 (4%) and greater
than 66 years (0%).
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LABEL
PRICE Low Medium Medium Medium
BRAND
QUALITY LEVEL e 2 3 “ %
SEMANTIC lllustration of olive Imagem of olive lllustration of foliage lllustration of olive No Image
(IMAGE) branch with olives and branch with olives. and olive branch with branch with olives.
a green field with an lllustration of wall of olives.
olive tree. acastle.
ICONICITY
SCALE <5 S 2 42
SHAPE
TIPOGRAPHY 1/ Didone 2 / Didone 1/ Lineal 2 / Lineal e Glyphic 3/ Lineal, Mechanistic

(N°/CLASSIFICATION)

Fig. 6. Study 1 - semantic and synthetic analysis of marks of Olive Oil (Laginha and Raposo,

2017).

The analysis and discussion of results resulted in the transposition of the per-
centages obtained through a questionnaire into a positive (+) and negative (—) valuation
table, which allowed the identification of the dispersion and distribution according to
the quality and position of the brand, perceived by the respondents. It also allowed the

PRICE SEMANTIC

ICONICITY

(IMAGE) SCALE SHAPE COLOR TIPOGRAPHY GM
Medium lllustration of foliage 4(2)/2 Rectangular 1/2 colors Lineal, Glyphic, Logotype or
and olive branch with (contrasts between Mechanics symbol + Logotype,
olives. shades of the same color, in which the symbol is
with white or black) greater or the logotype is
or No Image. inserted in the symbol.
Main Colors:
Green, Yellow
Hight Abstract llustration 1 1. Custom cutting Main Colors: Lineal, Logotype or
or No Image. technique on plain paper;  black, gold and white in Transitional Symbol + Logotype,

2. Use of a transparent
background sticker in
which the info is worked
on the color of the
bottle itself;

3. Assume the label as a
sleeve that wraps around
the bottle

Note: In point 1. custom
drawing is usually an
adaptation of the shape
of the graphic mark.

Fig. 7. Study 1 - table of guidelines for the design

and Raposo, 2017).

details (with contrasts
shape bottom)

Note:
cutting technique
letters or figures that
assume the color of the
bottle.

Graphic finishes in: Gold;
Varnish

in which the symbol is
greater than logotype.

This happens for two
reasons, because
optically the symbol is
greater than logotype,
because the symbol
shape is complex or
because the symbol
being a fulfilled shape.

of Olive Oil brand visual identity (Laginha
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correlation between the questionnaire data to the semantic and syntactic analysis grids,
to the olive oil and cheese labels, allowing to indicate design principles useful to the
Olive Oil and Cheese Brands’ Visual Identity. This analysis of the questionnaire data
by comparison tables (from Brand Marks with symbol and logo and another one to
those that have only logo) and detection of common denominators, goes beyond what
the pie charts allow.

\\ ; \/ AZEITE A ‘,’
PRI A s

BEIRA

AZEITE DOP
DA BEIRA BAIXA
— 1966 ——

PROBEIRA

Produtos Alimentares da Beira

Fig. 8. Study 2 - redesign of olive oil brands (Laginha and Raposo, 2017).

The organization in positive or negative, considers that less than 50% is negative
(—), and more that 50% is positive (+), as it is possible to observe in Fig. 4.

Subsequently, a scatter plot was created that evaluates the quality of the perceived
visual identity of the brand, with a vertical scale following the information in the
analysis table and with a horizontal scale, which evaluates the brand positioning in a
price scale - cheap, medium, expensive, which was related to the price indicated by the
questionnaire data (Fig. 5).

In the case of the Visual Identity of the Cheese brands, the same procedures were
adopted.

Based on the scatter plots, a semantic and syntactic analysis of the olive and cheese
labels was carried out, where data indicate positive results at the level of perception of
the Brands’ Visual Identity. For the Olive Oils, all the brands that focused on levels 5,
4, 3 and 2 were analyzed, because although the latter is below the positive level, the
same would be acquired by the respondents. In the case of Cheeses, levels 4, 3 and 2
were analyzed, with the latter presenting the same exception described for Olive Oils.
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In the Olive Oils case, it was considered that three price levels were considered -
cheap, medium and expensive, while in the case of Cheeses it was subdivided into
medium low, medium high and expensive, only three were studied by the quality factor
(those that were above level 2).

The same semiotic analysis based on the levels of semantics and syntactics per-
formed for the Brand Marks was repeated for Olive Oils (Fig. 6) and Cheese labels,
adding the image component (illustration and/or photograph) according to the Scale of
Iconicity, the shape of the label, the typographic number and category.

From the analysis of the Brand Marks, an information frame was defined (Fig. 7)
regarding the visual identity of olive oil and cheese brands, which provides guidelines
for brand positioning associated with a notion of value.

3.2  Study 2

Taking into account the information obtained in Study 1, two brands of Olive Oil
(Probeira and Ouro da Estrela - Fig. 8) and two brands of Cheese (Quinta Serra da
Gardunha - DAMAR and Queijo Almeida) were selected for redesigning of their Brand
Mark and their label.

The questionnaire data indicated an unclear positioning or lack of clarity on the
personality of the brands and problems at the level of labels such as body text,
excessive information and data too technical or complex.

After performing the redesign of the Visual Identity of the four brands, they were
submitted to evaluation by survey, using the questionnaire adapted from Study 1. The
adaptation of the questionnaire passed through the inclusion of new questions that
aimed to guarantee greater certainty in the analysis of the data.

After analyzing the data available from Study 1 and during the redesign of the
Visual Identity of the four brands (Study 2), it was considered important to include in
the questionnaires in Study 1 new questions on the factors that influence the purchase
of the product, on the quality relationship of the design and the quality of the product.
and we sought to assess the understanding had by the respondents about the concepts
presented.

The Visual Identity of the Olive Oil brands, including the redesign of the two
brands, were evaluated with 360 Portuguese consumers, of whom 57% were women
and 43% men, with ages ranging from 18 to 25 years of age (20%), from 26 to 35
(30%), 36 to 45 (25%), 46 to 56 (17%), 57 to 65 (8%) and 66 years of age (0%).
Regarding the Visual Identity of the Cheese brands, including the redesign of the two
brands, they were evaluated with 360 Portuguese consumers, of which 64.3% were
women and 35.7% were men, with ages ranging from 18 to 25 years of age (28.6%),
from 26 to 35 (13.1%), from 36 to 45 (22.6%), from 46 to 56 (27.4%), from 57 to 65
(8.3%) and greater than 66 years of age (0%).
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4 Discussion of the Results and the Conclusions

In Study 2, in the four brands, the redesign of the Visual Identity of the brands presents
clearly positive and contrasting results with those obtained with the brands existing and
evaluated in Study 1.

In terms of Olive Oils, Beird (Probeira) Brand Mark and Ouro da Estrela,
respectively in the symbol and logo table, were associated with Olive Oil by 95% of the
respondents and of these 93% would buy Beird and 30.4% would buy the Ouro da
Estrela. The Ouro da Estrela has been redesigned as a revival, positioned for a high
segment and a niche market that values more traditional products, so the results seem to
us in accordance. As for the Cheese brands, the Brand Mark redesign of Almeida
Queijo and Quinta Serra da Gardunha - DAMAR were respectively associated with
Cheese by 100% and 67.9% and of these 71.4% would buy Almeida Cheese and 84.5%
Quinta Serra da Gardunha - DAMAR.

In the four brands, the redesign shows an understanding and appreciation consistent
with the objective for the brand and according to the price established in each case. All
Brand Marks have been associated with their products by a significant or absolute
majority. There are merely differences in cases where there is only a logo.

Then, the results were distributed according to the positive and negative table, used
in Study 1, taking into account the perception of value and price. Semantic and Syn-
tactic analysis of the labels was performed on the following factors: content repre-
sented, iconicity scale, shape and typography (number and classification), price and
positioning. Thus, it was possible to identify the brands where the perception is positive
(from grade 3) in the various positions or notions of value and to obtain information to
formulate a set of guidelines for the (re)design of the Olive Oil and Cheese Brands’
Visual Identity, taking into account a consideration of value.

With the review of the literature, some studies on the perception of the packaging
and its impact on the brand image and valorization of the product and others exclu-
sively dedicated to Brand Marks were found. However, packaging studies lack detail
with regard to graphical components and studies on Brand Marks tend to evaluate them
out of context of use. On the other hand, all these studies fall on the level of Pragmatics
without confronting these data with the levels of Semantics and Syntactics, that is, what
was selected and how it was designed.

Study 1 served to obtain data on the efficiency of the Visual Identity of the Brands
being studied, allowing to consolidate the vectors in analysis and to launch the hypothesis.
Study 2 served to validate this hypothesis and formulate considerations. The homogeneity
between the data obtained in Study 1 and 2 for the same brands is indicative of the
reliability of the questionnaire and the adequacy of the variables being studied.

Although the Semantic and Syntactic analyzes are performed empirically and by
direct observation, an objective analysis grid based on design principles and classifi-
cations with the highest convention or agreement, applicable to Brand Marks, has been
defined. In the case of labels, data analysis included the positioning and price asso-
ciated with Brand Visual Identity.

The analysis of the questionnaire data (part of the Pragmatics) from the dispersion
graphs was essential in order to be able to relate this information to the Semantic and
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Syntactic analysis tables. In the same sense, for the accuracy of the data, it was essential
to validate the understanding of the concepts used in the questionnaires by the inter-
viewed consumers, instead of doing it with only one sample.

By the correlation between the scatter plots and the semantic and syntactic analysis
tables, it was possible to arrive at two tables with design guidelines, respectively for
Olive Oils (Fig. 9) and Cheeses.

ICONICITY MATERIAIS

PRICE SEMANTIC
AMAGE) SCAE SHAPE COLOR S RCAMENTOS TIPOGRAPHY BRAND MARK CONCEPT

Low lllustration of olive 4(1) 100% Rectangular More than 3 colors Materials: Plain Didone Logotype Banal

branch with olives or (vertical direction) (contrasts with light paper sticker.

olve tree. background) Main colors:

green, brown, marron,
yellow
Low Photo of olive branch 5-1 100% Rectangular 3.0r + colors Materials: Plain Didonas, Logotype Banal,
MEDIUM  with olives or olive ol (vertical direction)  (contrasts with white/ paper sticker. Mecanichs, Lineal Conservative
light background)

or Abstract lllustration
HIGH Hlustration of olive 42 100% rectangular; 80% 2 colors Materials: Plain Lineal, Logotype or Symbol + Banal,
MEDIUM  branch with olives Rectangular + 20% paper sticker or paper Humanist, Logotype: Modern

custom; 100% stick with transparent Glyphic Symbol ptically greater
or No Image. custom or the label wraps background. than logotype.
around the bottle.
(horizontal or vertical
direction)

HIGH Abstract lllustration 1 1. Custom cutting Main Colors Materials: Plain Lineal Logotype or Modenn,

o No Image. technique on plain paper  black, golden, white  paper sticker or paper Symbol + Logotype Luxury,

and stick with transparent
background in which the
info is worked on the color
of the bottle itself;
2.The label wraps
around the bottle.

Note: In point 1. the
custom cutting is usually

Brightness:
100 dark or too white

stick with transparent
background.

Graphic Finishes:
Metal Pantones-
especially, gold is

associated with the

color of il
Use of Varnish.

innovative

an adaptation of the
shape of the brand mark.

Fig. 9. Study 2 - table of guidelines for the design of Olive Oil brand visual identity (Laginha
and Raposo, 2017).

By comparing data obtained between the current Visual Identity and its redesign, it
is considered that the investigative process has been validated and is adequate for the
definition of design guidelines and as an evaluation process.

Thus, it was possible to identify common denominators between Brand Visual
Identity with the same valuation and graphical-symbolic elements, associating them
with a price and positioning.

For example, among other data, Olive Oils’ brand VI color indicates that those with
a high or high average price have in common 1 or 2 colors, often special colors like
Gold, Metallic, UV coating, etc.

Regarding the style or expression of the graphics, the data show that perception
changes from average Olive Oil to expensive when there is a simplification of image
expression, according to the Iconicity Scale, from level 2 (simplification by leveling) to
level 1 (total abstraction).

Regarding the label, the data indicate that Olive Oils considered expensive have an
opaque label that covers the entire bottle to protect olive oil when it is dark or trans-
parent glass, medium size with a custom cut. Olive Oils considered medium-priced
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tend to have a more vertical rectangular shape, with cases of small clipping areas under
the bottle.

Regarding cheeses, the data indicate that those that are perceived as cheap
(although with quality), tend to present round labels with a simplified expression by
leveling (level 2 of the Iconicity Scale). While the average prices are round and more
often associated with images between levels 5 (photorealism, i.e. photography or
drawing at a high level of detail that represents reality) and levels 2 and 3. Those who
have a lower or medium price tend to represent shepherds, sheep in pasture or craft-
making scenarios, whereas medium-priced ones choose to portray sites of origin or
production and those associated with the highest price tend to have unusual formats
(rectangular, triangular, irregular and round shapes) and abstract graphics (level 1 in the
Iconicity Scale) or ornaments, and use a back label to accommodate the amount of
information required.

Low- and medium-priced products tend to use Neo-grotesque and Grotesque, while
those that are perceived as having high prices are associated with Classics.

Overall, the data indicate that it is advisable to organize the information by levels of
importance without neglecting detail and comply with the applicable legislation, in
order to avoid giving little information (which generates mistrust) or too much (the
label is not appealing or difficult to read).

According to the data obtained, the investigative process was adequate in that it
allowed to answer the question of investigation and to fully prove the hypothesis, since
a correction between the Semantic and the Syntactic was verified with the Pragmatic of
the Visual Identity of the brands of Olive Oils and Cheeses. In addition, it was possible
to identify correlations between graphic characteristics of the Visual Identity of brands
with the same positioning and that determine their decoding and understanding.

The results of this research make a valid contribution to academia and research and
are useful in the practice of the Communication Design profession, namely by the
design and redesign guidelines, as a process of observation, analysis and evaluation of
the efficiency of the Olive Oils and Cheeses’ brand Visual Identity including support in
decision making during a branding or rebranding process.
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Abstract. Galvanize the citizen to be engaged with a smart city project projects
are not an easy task, normally they feel that their voice cannot make the dif-
ference and leaves the project. Gamification can change this, by engaging the
citizen with challenges and rewards, they will be involved creating “critical
mass” to influence the makers and change the city. In this context, this paper
presents the evaluation of a gamification strategy concept for the Smart City
Sense Project implemented in a mobile application. The evaluation was done by
a questionnaire with 41 questions, filled by a group of 23 citizens that was
already involves in city civic activities related with security. In general, this
special population has a positive reaction to our different proposals, but there is
no unanimity in the aspects related to the gamification strategies associated with
the rewards and the give challenges for their community. The user-centered
design methodology proved to be robust to evaluate the proposed gamification
strategy, allowing ergonomics to play a fundamental role in the development of
an information system, that can prevent the occurrence of problems of accep-
tance in the future.

Keywords: Smart city + Engagement - Gamification - Mobile application -
Ergonomics design

1 Introduction

New technologies, gives the opportunity to citizens to increase their live style and
efficiency, creating smart cities and smart citizens. This is particularly important
nowadays, considering the rapid urbanization rate the challenges related with socioe-
conomic, environmental and governance challenges [1].

There are various definitions about what a smart city is, one of the most integrated
definition was made by Angelidou [2] including four important cardinal forces for
smart cities: advanced human capital (citizen empowerment, intellectual capital and
knowledge creation); social capital (social and digital inclusion), behavioral change
(sense of ownership and meaning) and a humane approach to change, where tech-
nology responds to the needs and interests of the user. Recently, Tan Yigitcanlar et al.
[3] in a systematic review of the literature on smart cities, suggested three types of
drivers: community, technology and policy, which are linked to five desired outcomes:
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productivity, sustainability, accessibility, wellbeing, liveability and governance. The
authors suggested that these drivers and outcomes together create a framework to better
understand a smart city.

Sensors are essential for developing a smart city, they can take measures from the
environment (i.e. temperature, noise, contaminants) and process images in real time in
an efficient way. They can have some limitations related with subjective data, that
depends from the citizen profiles. For example, safety perception and human emotion
and feelings related with events that occurs in the city is not measure by a sensor. Also,
some events like holes in the streets and the danger that they can represent cannot be
easy to be identified automatically by sensors. In this context, the citizen can be a
sensor with a lot of advantages compared to physical sensors. By have the opportunity
to share information about good and bad events in the city, the citizen will be engaged
and take more responsibility for their individual situation, being involved to contribute
to society. Several researchers connect this participation is an important way of
enhancing democracy [4-6]. Engage the citizen is not an easy task, they need to spend
energy and an amount of time to participate. A way to engage the citizen is through the
use of devices that allows the introduction and consultation of information with a good
usability. Another complementary way to increase the citizen engagement is the
gamification, with incentives to became participant. Smartphones with adequate soft-
ware provides a way to get data from the citizen, by adding elements of gamification
[7]. Gamification was defined in the first time in 2011 from Zichermann and Cun-
ningham [8] as “the process of game-thinking and game mechanics to engage users and
solve problems”. In this context, they connect gamification with the possibility to
involve the consumers in loyalty programs and generate behavior change. A comple-
mentary perspective as proposed by Werbach et al. that propose a definition for
gamification as a way to bringing fun to obligatory activities. Another perspective as
done by Schoech et al. [9] that associate gamification to engage and motivate to a
behavior change strategy. Grossman et al. [10] define gamification as the use of ele-
ments of video games in non-game situations, to enhance user experience and
engagement.

The mixt of the previous perspectives give us the following definition. Gamification
is a process that use game mechanics to engage people to accomplish a task to solve a
problem, or change a behavior, with pleasure, in a non-game context. This means that
gamification might be used in situations where a person needed to accomplish an
objective, after developing a set of tasks, but also to change a bad behavior that can
affect, for example, the health or safety of a person.

Gamification use renewals (points, rankings, levels, badges, money) and challenges
(complete activities and achievements) to motivate the users inside a storytelling to
give an objective to interact. Those game mechanics are supported by the human needs
related with hedonism (senses stimulation and discovery), prestige (privileges and
leadership), achievement (through tasks completion), socializing (cooperation, col-
lecting support) and expression (customization to be different).

According to Marache-Francisco and Brangier [11] the implementation of a
gamification strategy needed to be supported by two main requirements: an analysis of
the context to identify the main aspects to be considered in the gamification experience
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and by an interactive design process, that allow the evolution of the gamification
solution by user tests.

Taking this framework as a reference, this study presents a gamification proposal
for an ongoing research to develop an online platform for the project smart city sense.

Taking this framework as a reference, this study presents a gamification proposal
for an ongoing research to develop an online platform for the project Smart City Sense,
financed by the Portugal 2020 program. This project involves the conceptualization,
design and implementation of an information technology platform where the wealth of
data collected by citizens (volume, variety and detail), is aggregated with data collected
by a variety of other existing sensors in the city, giving in real time, a clearer and more
vivid vision of the global “pulse” of the city. The platform will also create an adequate
environment (physical and virtual) for cooperation between citizens and city authorities
enabling that the information added by one part to be available to all stakeholders. This
objective proposes an approach to the concept of Smart Cities that puts the citizen as
the focal point of the data collection and information sharing process [12].

The first users of this platform will be the security community leaders that live in
the various regions of Lisbon. These persons are civil persons that dedicate some of
their time to improve the quality of life of the persons that live in their Lisbon region,
particularly in relation to security. Because they are special people, we had many
doubts about various characteristics of the platform to be implemented. Being people
who are more involved in the security aspects of people, we were interested in knowing
if they would also be interested in having a comprehensive intervention, also being
involved in the conditions of the city that can affect people’s health and accessibility
and efficiency. Engaging those people in a gamification process was another challenge,
we did not know what kind of challenges and rewards (intrinsic or extrinsic) would be
most appropriate to motivate then to use the Smart City Sense platform.

2 Methodology

A methodology was based on participants’ opinions, through a questionnaire, to be
used to evaluate a gamification proposal for a smart city.

2.1 Sample

As explained before, the participants of this study were security leaders of the Lisbon
city, that collaborated voluntary in this study. A sample of twenty-three persons, aged
between 32 and 66 years (mean age = 45, SD = 6,33), 14 female and 9 males from
different zones of Lisbon participated in this study.

2.2 Methodology

A questionnaire was designed to extract the information from the Lisbon city security
leaders to propose a gamification strategy for the platform. According to literature
review and meetings with the project team, composed by a multidisciplinary group of:
ergonomists, psychologists, designers, engineering and sociologists, we elaborate 41
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questions in a five-point Likert scale ranging from 1 to 5, where 1 was (completely
disagree) and 5 (completely agree), plus demographic data (gender, age and residence).
The first question was aimed to confirm the interest to collaborate in a smart city
project. The same question occurs in final of questionnaire, to verify if the respondents
changed their opinion after answered all questions.

1. T want to be able to use an application that contributes to the efficiency and well-
being of the citizen.

The following three questions aimed to verify the interested of the security leaders
to report different kind of problems in the city. Considering that they are more involve
with city security, we need to verify if they could be interested to be involved to report
problems related with health and accessibility.

2. T would like to be able to use an application to report situations that may affect the
security of the citizen.

3. I would like to be able to use an application to report situations that may affect the
health of the citizen.

4. T would like to be able to use an application to report accessibility situations that
may hamper citizen mobility.

Considering a situation where the user cannot report an event in-loco, but have the
possibility to report later, for example in home, with the following question we want to
verify if they agree with this possibility.

5. To report a situation, I want to be able to check the location at the time it happens,
but I want to be able to report later at another location.

Normally, the solutions for a smart city project is dependent of negative events, in
this project we want to know if the potential users, agree about the idea to report
positive events, related with good things, like those in the following four questions.

6. I would like to be able to use an application to report good things in the city, such as
safe streets to drive at night.

7. 1 would like to be able to use an application to report good city situations, such as
clean streets.

8. I would like to be able to use an application to report good city situations, such as
beautiful gardens and urban art.

9. I would like to be able to use an application to report cultural events that will occur
in my community.

When the potential user is busy, the motivation to suggest an improvement, after
report a problem, could not be the best. But if they are not able to suggest an
improvement, they probably will feel less engage to report a problem in the city. The
following question access whether the potential user would interest in suggesting
improvements solutions for a problem.

10. After reporting a situation, I would like to suggest improvement suggestions
through an application.
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The notifications sent to users is good provide feedback about the events and
occurrences in the city. That information can contribute to engage the citizen in the
platform. However, this information could not be intrusive in the life of the citizen. In
the next four questions we want to know when and here the potential user want to
receive feedback notifications of the platform.

11. T would like to receive notifications about the city in the morning.
12. T would like to receive notifications about the city in the afternoon.
13. I would like to receive notifications about the city at night.

14. T would like to receive notifications when I am away from home.

Considering that the potential users are more involved in security issues we don’t
know if they are interested to consult other aspects of the city, particularly related with
health and accessibility. The following three questions are related with this subject.

15. I would like to consult to security-related situations in the application.
16. I would like to consult to health-related situations in the application.
17. T would like to consult accessibility issues in the application.

How long is acceptable for the user to report in the application a situation in the
city? The answer of this question is very important to decide the number of item’s that
must be filled in the application. If the user needs to enter a lot of information to report
an event, he may not feel motivated to post, however, if little information is requested
about an event, it will not be possible to understand the situation and determine the best
intervention strategy. After a discussion inside the multidisciplinary team work, we
decide that two minutes is the time needed to enter the most important information to
characterize an event situation in the city. The next question wants to capture the level
of agree about this decision.

18. Tt is acceptable for me to spend 2 min to report a situation in the city.

When the user wants to report an event in a mobile application in the urban context,
he needs to play attention to the environment, to avoid safety problems due to a loss of
attention to the traffic, for example. In this context, writing text in a mobile application
could not be a good idea. However, allowing the user to write a text to explain better
the event can be an important information to better understand the event. The next
question wants to capture the level interest of the user about their willingness to write a
text and/or take a photography.

19. I would like a text area to describe the situation I want to report.
20. It is acceptable for me to photograph with the application a situation to illustrate a
report.

In the next question, we want to check the user’s opinion, about the time of two
minutes to report an event on the platform, would be well accepted by others. The
objective is to verify if there are differences between the opinion of him, collected in
the question 18 and others, but now in relation to the others.

21. Tt is acceptable for other people to spend 2 min reporting a situation in the city.
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Enter personal information in an application is very important to characterize the
user, to send to him the adequate information in function of their needs and prefer-
ences. However, this can be critical, as you usually the user do not want to put personal
information in the application, due to confidentiality issues. Next two questions collect
the level of acceptance that users would be available to provide personal information
and preferences.

22. It is acceptable for me to customize my area in an application, according to the
following personal characteristics: Name; Age; Profession; Genre; Place where I
live; Telephone; Email.

23. It is acceptable for me to customize my area in an application according to the
following personal characteristics: Food preferences; How to get to work; Diffi-
culties of mobility.

Next question collects the level of the user acceptance to share theirs reports in the
application.

24. Tt is acceptable to me that other users of the application should consult the situa-
tions I have reported.

Normally, the security leaders are only involved in activities their region and don’t
care about the other regions of the city. In our proposal we are interested to involve
those persons not only in their region, but in all other zones of the Lisbon city, through
gamification strategies. In the following questions we want to know the motivation of
the potential users to report information in their neighborhood and in other
communities.

25. Whenever I share situations in my neighborhood, I receive rewards.
26. Whenever I share situations in other communities in the city, I receive rewards.

A good leader must challenge the community members and have the curiosity to
know and control the behavior of the other community members. In the following
questions we want to know if the security leaders are motivated to use an application to
do it.

27. 1 want to be able to challenge other users.
28. Whenever I share situations, I would like to know how many people have reported
this situation.

Extrinsic rewards, such as relating to receiving points or stamps for reporting
events, is a way to create user engagement mechanisms. In the next question, we are
interested in hearing the opinion of the community safety leaders on this aspect.

29. When I share information in a community for the first time: I would like to receive
a virtual stamp (with graphic elements of the community) in a virtual carnet until I
complete the 24 parishes of Lisbon.

The visual identity of an application is very important to be easy recognized and
accepted by the potential users. In our application to the smart city sense platform we
want to know it the landmarks and traditional parties in the city could be used to
accepted by the security leaders.
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30. It makes sense for me that the application has for the city of Lisbon have graphic
elements of identity allusive to: popular parties and monuments, for example,
Lisbon castle.

The balance between intensity of the challenges and the rewards types, are very
important to engage the potential users to post and consult information in a smart city.
In the next two first questions, we want to know: when and the feedback type for the
security leaders. We also developed a set of questions to evaluate the relative impor-
tance that the security leaders give in relation to different of rewards (personalized
information, feedback, status, credibility and distinction, be able to give challenges).

31. When I share a situation in a community for the first time: I want to receive
personalized information about this parish.

32. When reporting a situation, about a city problem that has a possible resolution: I
would like to be informed about updating my report.

33. Based on my use of an application, I would like to be able to evolve my status in
the city, as follows: 1st level: Discovering the city; 2nd level: Attentive; 3rd level:
Active; 4th level: Proactive; 5th level: Recognized; 6th level: Caretaker; 7th level:
Exemplary.

34. In view of the veracity of the shared information, I would like to be able to develop
credibility, in order to distinguish myself from other users, as follows: Negative
level: Speculator; 1st level- Dedicated; 2nd level- Integral; 3rd level- Consistent;
4th level- Sincere; 5th level- Reliable; 6th level- Issue

35. When I report situations in a community, I would like to be able to evolve within
the parish, distinguishing me from who contributes more or less, as follows: 1st
level has 1 star ... 5th level has 5 stars

Who can challenge other citizens? The status of a person is a very important factor,
so that the citizens of a community can accept and implement the challenges posed.
The next question is intended to assess the opinion of potential users if a high indi-
vidual status in the program can pose challenges to other community members.

36. At 5th Level (5 stars) I can challenge other members of the parish group using the
application.

In the following two questions we want to know if the security leaders want to
receive rewards, related to other activities that are not directly connected to report or
consult information using the application.

37. With my use, I want to receive mini-games where I can earn more points for my
status.

38. When I walk next to an emblematic site, I want to receive information on this site
in an application.

The possibility to have links to share the personal performance in the networks
could be a good feature to improve the application engagement, but some people don’t
want to be exposed online. The next question evaluates the degree that the security
leaders want to share their performance in internet.
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39. I would like to be able to share my performance using the application on social
networks.

The penalties are part of the gamification process and aim to keep people in the
application. In this context, we were interested to know the reaction of the user when he
loses status if do not use the application for a period of one month.

40. If I do not use the application for a month, I agree to lower my cumulative status.

The last question, which is the same as the first question, seeks to verify whether
people have changed their minds about the use of application after completing the
questionnaire.

41. T want to be able to use an application that contributes to the efficiency and well-
being of the citizen.

2.3 Procedures

The participants (security members leaders) were invited to a meeting with the
objective to collaborate, as potential user in the development of the concept of an
application do share and consult information about Lisbon city.

In the first part of the meeting, we explained the importance of the project Smart
City Sense and the need to involve then in a user centered design perspective in the
development of an application where they can share and consult information of the city.

Next, we show an example of completing the questionnaire with a question and
asking if there were any questions, before fill the questionnaire.

3 Results and Discussion

The results will be presented for each question and discussed its suitability to the
application gamification project that supports the platform.

Questions 1 and 41: I want to be able to use an application that contributes to the
efficiency and well-being of the citizen (mean 4,65: max. 5, min. 3, for the first
question) and (mean 4,7: max. 5, min. 3, in the last question).

These results show that the potential users accept to use an application to report and
consult information to contribute to the citizen efficiency and well-being. It is also
verified that after completing the questionnaire, where they knew of some character-
istics of this application, the results were not altered.

In conclusion, in general the potentials user accepts the possibility to use an
application.

Questions 2, 3 and 4 — report respectively, problems with security (mean 4,7: max.
5, min. 3), health (mean 4,67: max. 5, min. 3) and accessibility (mean 4,74: max. 5,
min. 3).

During the questionnaire preparation meetings, doubts were raised as to whether
security community leaders would also be interested in reporting health and accessi-
bility issues. The results showed that they are very interested in reporting, without
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distinction, situations that could compromise the level of security, health and acces-
sibility of the citizen.

Those features will be implemented in the application.

Question 5 — report a situation later in another location (mean 4,43: max. 5, min, 3).
The potential user doesn’t see any problem to have the possibility to report a situation
in the application in another location. This feature will be implemented in the appli-
cation, georeferencing the location and later, asking if the user wants to report this
situation.

Questions 6 to 9 — Use the application to report positive events: safe streets (mean
4,52: max. 5, min. 3); clean streets (mean 4,30: max. 5, min. 2); beautiful gardens
(mean 4,13: max. 5, min. 2) and cultural events (mean 4,26: max. 5, min. 1).

In general, users accept this idea, however, in a less intense way, compared to the
one used in the application to report problems. Particularly, the aspects related to
beautiful gardens and cultural events, had some answers less than 3.

Although there is not a very strong consensus in all these aspects, we think that
these characteristics should be implemented in the application.

Question 10 — report suggestions through an application (mean 4,35: max. 5, min.
3).

Although not very strong, the big trend is to be able to use the application to
suggest solutions for a given problem. Knowing that in urban space, after reporting an
event, it may be difficult to type a solution in a smartphone, we will propose an option
that allows the user to fix the solution later, at a more appropriate time and space.

Questions 11 to 14 — receive notifications about the city in the morning (mean 4,17:
max. 5, min. 3), afternoon (mean 3,9: max. 5, min. 2), at night (mean 3,78: max. 5, min.
1) and away from home (mean 3,70: max. 5, min. 1).

While most of the potential users accept receiving notifications at any time of the
day and even away from home, the big trend is to receive these notifications in the
morning. Regarding the location where they can receive the notifications, particularly,
out of the house, some users expressed discomfort referring that they feel controlled by
the application. In conclusion, it is important to inform users that for this application
function, it is necessary to know their location to send notifications and that all
information collected is confidential. The user will also be allowed not to allow the
application to know her location.

Questions 15 to 17 — like to consult: security-related situations (mean 4,61: max. 5,
min. 3); health-related situations (mean 4,26: max. 5, min. 2); and accessibility issues
(mean 4,43: max. 5, min. 2).

Potential users prefer to consult information related to security aspects, however,
they have also shown interest in consulting information related to health and acces-
sibility. In this case, the doubts that arose during the development of the questionnaire
that the community security leaders would not be interested in consulting problems
other than the safety aspects is not true.

Question 18 — Two minutes, as the acceptable time to report a problem (mean 4,3:
max. 5, min. 1).

Although most users accept as appropriate two minutes, as the acceptable time to
report an event, two people have stated that it is a very high time. This problem will be
discussed later in question number 21.
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Questions 19 and 20 — Need an area to describe the situation (mean 4,43: max. 5,
min. 3) and take a photography (mean 4,61: max. 5, min. 3).

Either of these situations are acceptable to potential users, although they are more
likely to illustrate the event with a photograph than with a description of a text. In this
case, regarding the text and considering the difficulties in entering text on a smartphone
in the urban space, as well as the situation of danger to the user that this situation
entails, our proposal will be that the text entry can be done later, in another space and
time.

Question 21 - Acceptable for other people to spend 2 min reporting a situation
(mean 3,7: max. 5, min. 1).

Compared with question number 18, where potential users are asked if two minutes
would be adequate time to report an event in the city, this question was referred to a
lower value (mean 4,3-3,7), this mean that they are not sure that two minutes is an
appropriate time to report an event in the city.

We think that despite this trend, more studies need to be done to know the
appropriate time to report an event with a smartphone in urban space.

Questions 22 and 23 — Customize the application with personal demographic
characteristics (mean 2,70: max. 5, min 1) and personal characteristics (mean 3,09:
max. 5, min 1).

In general, potential users are unwilling to provide personal data that allows cus-
tomization of the application. Knowing that this information is very important for the
stratification of people and in particular for sending personalized information. Our
opinion is that this information should only be requested later, when the user relies on
the application and can be comfortable at ease. Whatever the situation, this information
should never be considered mandatory.

Question 24 — Consult the user reported situations (mean 3,78: max. 5, min 1).

This situation has not met the consensus of all potential users of the application,
two participants refer their complete disagreement in allowing others to consult their
reported situations. In this context, our proposal is that, by default, the information
relating to the events reported is confidential, allowing however that at the user’s
choice, this information may be public.

Questions 25 and 26 — receive rewards to post events in neighborhood (mean 3,22:
max. 5, min 1) and in other communities (mean 2,87: max. 5, min 1).

In general, potential users are not interested in getting rewards, to report events in
the city, particularly if they are in regions other than their own. We think that this
reaction is due to the fact that they think that the rewards are always extrinsic, receiving
money, for example. As citizens, who voluntarily dedicate themselves to preserving the
security of their region, the financial aspects are not the reason to report events in the
city.

Questions 27 and 28 — challenge the others (mean 3,23: max. 5, min 1) and control
the citizen reports (mean 4,42: max. 5, min 2).

The results show that community safety leaders are not interested in challenging
community members. This result can be a problem for the application, because without
users motivated to challenge citizens and thus involve more users, the application may
not succeed in the future. In this context, it will be necessary to try to quickly find good
strategies that motivate leaders to introduce challenges to the citizen to create
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mechanisms of engagement and with that, to retain users and to increase the user
community.

Question 29 — after report an event receive a visual stamp (mean 2,61: max. 5, min.
1).

The result showed once again that community safety leaders are not interested in
receiving extrinsic rewards, so this will not be the best strategy to motivate them to the
application.

Question 30 — application using graphic elements allusive Lisbon parties and
monuments (mean 3,78: max. 5, min. 1).

Despite being well accepted by the majority, some potential users express the
displeasure in associating the application with elements of the identity of Lisbon. We
think that this opinion may be related to the fact that the people who answered the
questionnaire are only concerned about their region and not interested in mixing other
regions. This should merit further investigation.

Questions 31 to 35 — after report an information in the application, receive
renewals: personalized information about the community (mean 3,65: max. 5, min. 1);
be informed about updates of the report (mean 4,65: max. 5, min. 1); increase status
(mean 3,78: max. 5, min. 1); increase credibility (mean 3,57: max. 5, min. 1); distin-
guishing (mean 3,61: max. 5, min. 1).

Although the results are positive, there is not a very strong agreement on these
rewards, some users reported negative opinions regarding this strategy. The highest
result is related to receiving updates on the events reported, however, rewards related to
status, credibility and distinction were not highly valued by those who answered the
questionnaire.

More studies should be done on this topic to see if these users are more interested in
other types of rewards given their special community security leader profile.

Question 36 — Challenge the other members of the community using the application
(mean 2,96: max. 5, min. 1).

This result shows that the five-star status in the application is not well accepted to
allow the launching of challenges to other members of the community. It is recalled
that in question number 27 in which potential users have expressed no interest in
challenging other members of the community. More research is needed to find the best
way to engage leaders to challenge other members of the community.

Questions 37 and 38 — play a game to get more status in the application (mean 2,61:
max. 5, min. 1) and receive information personalize information in the city (mean 3,48:
max. 5, min. 1).

Users of this application, who responded to this questionnaire, do not want to use
an gaming entertainment application, even if it is to increase the status. Regarding the
personalized information in the city, there was also no response from the people who
answered this questionnaire (community security leaders) a great interest in receiving
personalized information about the regions of the city.

Question 39 — share personalized performance in social networks (mean 2,57: max.
5, min. 1).

People who answered the questionnaire are not interested in sharing the events they
reported in the application on the platform.
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This view is consistent with previous responses, where respondents did not
demonstrate the need for their information to be disseminated to others in the
application.

Question 40 — lower the cumulative status if not use the application (mean 2,70:
max. 5, min. 1).

Although they consider that status is not very important in this application, people
who answered the questionnaire do not want to lose status.

4 Conclusions

This study uses a user-centered design approach to evaluate a gamification strategy for
a Smart City Sense platform application. The study was developed with the first
population which will use this application, citizens who voluntarily are leaders their
local community, with tasks related to people security. In general, this special popu-
lation has a positive reaction to our different proposals, but there is no unanimity in the
aspects related to the gamification strategies associated with the rewards and the give
challenges for their community.

In general, the user-centered design methodology proved to be robust to evaluate
the proposed gamification strategy, allowing ergonomics to play a fundamental role in
the development of an information system, that can prevent the occurrence of problems
of acceptance in the future.

Other studies should be developed to evaluate whether the same strategies can be
applied to the general population, which have different characteristics from the one that
participated in this study.
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Abstract. Digital device ubiquity increased the need for HCI’s analysis, but
academic research is frequently supported in week frameworks. The establish-
ment of a structured body of knowledge is essential for the development of more
efficient interfaces and interaction experiences.

Contemporary interface design is grounded in the natural ways that humans
interact with each other and/or interact with the environment, fostering the
development of transparent interactions through the use of increasingly more
natural modalities in HCI. Modalities and dimensions of information are at the
centre of UX/UI and, as such, are at the core of the analysis hereby presented. Its
naturality is the basis for the establishment of effective cognitive ergonomics in
HCI. This paper proposes a natural human-centred system design paradigm,
expanding the user centred system design paradigm towards an effective human-
machine interaction centred in natural communication.

Keywords: Human-computer interfaces - Cognitive Ergonomics -
User interface design - Natural interaction paradigm

1 Introduction

Though not a recent issue, production processes’ modernization promotes the constant
contact between humans and machines, as they increasingly occupy our daily routines.
Ergonomics mediates this Human-Machine relationship, with an emphasis on Cogni-
tive Ergonomics, which focus on individuals’ memory, attention and perception, as
well as other cognitive processes.

The etymological origin of the word Ergonomics derives from the Greek, ergon -
whose meaning is work — and nomos — whose meaning is norms. Ergonomics emerged
as a science that sought to determine norms for the use of machines in the workplace,
and the interaction of humans with machines. In this context, to interact can be defined
as “the set of strategies carried out by the human with the elements of a certain system.
The quality of the development of these interactions develop is dependent on the
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adequacy that may exist between the human being, who has certain needs, character-
istics, capacities, competences and limitations, and the demands of the tasks that he
must perform to use a product in a given System” [1].

Cognitive Ergonomics is a discipline self-limitation within ergonomics and the
“cognitive” label denotes a focus on human’s knowledge and comprehension. E.g., it
acknowledges the connections between ergonomics and interface design as a deter-
mining discipline in the design of HCI’s with a focus on experience and utilization
framed by the natural interaction’s paradigm.

2 Cognitive Ergonomics: A Reading

Cognitive Ergonomics departs from user engagement centred approaches and from the
application of methodologies and interface design development tools with a focus on
human-machine relation, towards a cognitive approach directly related to humans’
cognitive skills and needs, in order to better embroil the will of individuals. The
vastness of this field encompasses information systems and information technology,
nowadays materialized in a plethora of technological artefacts.

The paradigm shift occurred when interface development turned its focus on “end-
user programming” [2], taking advantage of spreadsheet software ease of use in data
representation and in the user’s immediate response by facilitating tasks to people with
no programming skills. Le., the advantage of spreadsheets was more motivational than
cognitive given the ease with which users could meet their organization and infor-
mation upsurge needs. Thus emerged interactive user-based systems, which Gerrit van
der Veer [3] historically structures in participatory design (first presented by Enid
Mumford in the work developed by the Quality of Working Life Group), user-centred
design [pioneered by Michael Tauber and the User Virtual Machine (UVM) as well as
the creation of the Extended Task-Action Grammar (ETAG) language applied by Geert
de Haan, in what he termed ETAG-based design], and contextual design (initially
proposed by Hugh Beyer and Karen Holtzblatt as an approach centred on a mainstream
design vision).

2.1 Participatory Design: A Contextual Approach

Participatory design (PD) established itself as an attitude in the 1970s, originally in the
Nordics, with a special emphasis on Norway [4]. Cooperation between unions and
researchers enabled the creation of a methodology that brought employees into the
computer-aided definition of design and control systems. The approach consisted in
integrating the knowledge of employees and their effective participation in a set of
diverse activities that included meetings to discuss problems and find work related
solutions. Researchers were involved in lectures of clarification and support to the
development of the project. This Scandinavian “model” was based on a strong union’s
influence that encouraged the participation of employees but, although it promoted
effective achievements, it was restricted to local contexts and it would have to be
subject to review before local solutions could be generalized to wider contexts [5].
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Researchers began to look at the possibility of developing tools and techniques for
design cooperation. A user-centred contextual approach, with a diverse and less
expected context analysis, was thus promoted in order to overcome the previous
functional perspective. In practical terms, this PD variation implied the development of
tools, techniques and theories that allowed some users to effectively collaborate with
designers in what is considered to be cooperative design [6].

The Seattle Participatory Design Conference (PDC ‘90) and the book Design at
Work: Cooperative Design of Computer Systems [7], were landmarks for the system-
atization of sets of ideas and configurations in the participatory design process, with
the assumption in mind that teams of designers and collaborators were to create
computer applications that could improve working conditions, be under the control of
users and facilitate their activity, and focus on solving organizational problems,
towards an increase in the quality of the results and a disregard of productivity
increases as the sole goal [6].

As such, a change in the design process was envisioned. Instead of developing
designers or analyst perspective’s centred proposals, cooperative prototyping emerged
as a possibility that recognized the importance of users and sought the benefits that
creative and systematic creation of collaborative mock-ups could provide.

Nonetheless, Stahl [9] sustains that, despite the generous principles behind Mum-
ford’s ETHICS [8] (effective technical and human implementation of computer sys-
tems) participatory design methodology, this was a very difficult and confounding
process. Its application burdened heavily innovation projects that for economical and
development reasons needed that all parts would be familiarized with the specific
technology [9]. So, balances between ethical design premises and the requirements of
contemporary research and industry development.

2.2 User-Centred Design: The Third Paradigm

Harrison, Tatar and Sengers [10] contemplate the existence of three paradigms that
stem from the understanding of human factors and engineering relationship in the
development of human-computer interfaces. On two poles, they ponder the first
paradigm to be the focus on the concrete problems of human-machine interaction,
recognizing that these are their essence, while the second paradigm has its focus on the
information that is processed by humans and machines. Thus, arise variations in the
ways data rationalization occur and how data is understood by users and computers.
The third paradigm shifts both from the pragmatism of the former and the primordial
attention to the flows of information of the latter, towards the meaning and implications
of that information. Therefore, a perspective centred on the construction of meaning [8]
is established in a broader and more interactive way.

User-centred design (UCD) is one of the most valuable practices for the integration
of human factors into HCI projects and contrasts with performance-structured practices
outlined by engineering goals. On the other hand, task-based systems are characterized
by the development of user-centred software/hardware and their mental and physical
requirements, without favouring the functional capabilities of the system [11]. This is a
significant step towards enhancing the user experience (UX) and meeting cognitive
needs with simplicity.
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2.3 Contextual Design

Human-Centred Design (HCD) expands the narrower view of UCD. Its relevance
emerged on the assertion that information systems and humans must be acknowledged
and understood by designers and researchers in a plural context of peoples’ interactions
with technologies [12]. As such, it is considered that the changes generated by the
introduction of a new system affect not only those who work directly with the devices
but also by all the people that somehow are affected by the change.

The above judgement signals the multiplicity of situations that should be consid-
ered by the technicians and that are not limited to the simple response of requests of the
users whose description is increasingly undefined. UCD should not only focus its
methodology on interface interaction analysis but also on the contextual set
user/technology. Ritter et al. propose the term “user-centred system design”, in line
with the SIGCHI 1996’s definition of the activity associated with Computer-Human
Interaction: “We enable our members to create and shape how people interact with
technology and understand how technologies have an impact in people’s lives” [13].

3 Natural Human-Computer Interfaces: The Fourth
Paradigm

An interface acts as the bidirectional mediator of communication between user and
computer, requiring from both an active engagement at two different levels: they must
try to comprehend the processes and mechanisms of communication between the
parties, which are intrinsic to the interface at hand; and they must try to comprehend the
information that the interface mediates and was emitted by the counterpart [14]. To do
this, the interface must position itself as an entity capable of acting as an intermediary
between the two agents, since each has incomplete information about the other and its
congenital forms of communication.

In this regard, Maybury and Wahlster stress the need for the development of
increasingly intelligent interfaces, defining them as those that promote the efficiency
and the naturality of the interaction by adding the benefits of adaptability, suitability to
the context and support to the development of tasks [15].

There is also the growing desire for the disappearance of the interface, with the
cognitive vanishing of the mediator of interactions in order to make them more
authentic and closer to reality. In this context, Bolter and Grusin, present the concept of
transparency as a characteristic of immediacy; i.e., the absence of mediation or rep-
resentation. Transparency occurs when the user forgets or even ignores the medium
through which it is being transmitted information, thus feeling itself in direct contact
with the content [16].

Bolter and Grusin argue that, together, virtual reality, three-dimensional graphics,
and interface design are making digital technology transparent [16] so that users feel as
if they are part of the system.

In addition to the ease of learning, use and transparency objectives, intelligent
interfaces should have the ability to improve interaction by understanding ambiguous,
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inaccurate or partial multimodal data, in addition to being able to present such data in a
coherent and cohesive way.

3.1 Natural Human-Centred System Design

In natural human-to-human communication man selects the medium or set of mediums
that he sees as the best fit for the message at hand (e.g., in terms of ease or speed) [17],
and that flexibility should also exist in HCI. Hence, the furthering of naturalness in HCI
is a relevant goal.

In this regard, we evoke Wiener’s premise that human-machine interaction should
be modelled with human-to-human communication in mind (as it should, one might
add, for machine-to-machine interaction), arguing that communication between
humans and machines should not be distinguish from the natural communication that
humans engage in [18]. It should be considered irrelevant that the communicative
signal is acquired and processed by a machine and not by a human.

Rather than just an element of the dichotomy natural versus artificial, naturalness is
the fundamental concept of an HCI paradigm that has been around since its inception.
In fact, the paradigm of natural interaction is transversal and mostly pursued at aca-
demic and engineering levels. It stands on the assumption that not all interaction
modalities are equally performant and that those more related to the natural commu-
nications and interactions that humans engage in are more suitable and efficient. The
natural character of an HCI finds, as such, parallelism to human-to-human or human-to-
environment interactions.

The hypothesis that natural interactions have functional relevance is based on the
cognitive and perceptual analysis of human communication processes.

Ferri and Paolozzi’s stand for the need of human-centred system’s architectures
with which users can interact through modalities common to human-to-human com-
munication and in a close to natural way so that no adaptation to the computer system
or learning is necessary [19]. Therefore, both communicative efficiency and accessi-
bility are promoted, limiting or reducing the need for specific training in the use of the
interface.

Natural interfaces are, as per Hansson, Wallberg, and Simsarian, those that appeal
to the user’s intuition, supporting the transfer of knowledge and skills that he brings
from the known environments and contexts he experienced previously [20].

Nonetheless, naturality in HCI should not be considered as a goal in itself but rather
as a means to achieve a goal (the efficiency and ease of use), and that’s something that
one should keep in mind during the selection of the output and input channels at use,
either by the human agent or by the computer agent of a given interaction.

Sharma presents a different approach to the concept of natural communication,
arguing that the design of more natural communication interfaces must go through the
selection of the sensory modalities that more effectively fulfil the task. Additionally,
argues that traditional computer systems present sensory modalities that have, in some
cases, greater usability than those currently used in ordinary human-to-human com-
munication. Therefore, the naturalness of an interaction is defined from the perspective
of enhanced ease of interaction and superior usability, rather than from a strict paral-
lelism with the interactions that humans engage in [21].
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3.2 Classifying the Natural Nature of Sensory Modalities

Rafael states that HCI input and output channels should be classified in three different
classes: natural modalities, artificialized natural modalities and artificial modalities
[22].

Rafael defines natural modalities as those that use the sensory channels that are
naturals for the communication of the specific information’s content and are used in an
equivalent fashion to the one that humans would use in a human-to-human context
(e.g., playing a golf computer game with an haptic interface, while holding the
equivalent of a golf stick and executing similar movements), and defines artificial
modalities as those that use sensory channels that are different from the former (e.g.,
playing the same game with text-based commands).

Artificial modalities are, per Rafael, those that use the sensory channels that are
naturals for the communication of the specific information’s content but are used in a
dissimilar fashion to the one that humans would use in a human-to-human context (e.g.,
playing a golf computer game with a haptic interface, but with a different set of
movements that in no way resemble the use of a golf stick).

It is a distinction that positions the three classes of modalities in the same level of
hierarchical importance, rather than establishing only two classes (natural modalities
versus artificial modalities) that would see the artificialization of natural channels as a
sub-class of natural modalities (genuinely natural modalities versus artificialized nat-
ural modalities) or as a sub-class of artificial modalities (authentic artificial modalities
versus artificialized natural modalities).

It’s a class organization that builds on Sharma’s concept that all modalities are
equally important if they adequately fulfil the goal of providing ease of use and
efficiency.

4 Conclusion

The development of interfaces with a user-centred contextual approach with the focus
on both user and technology is a significant step towards enhancing user experience as
well as meeting its cognitive needs.

Technological advances progressively promoted the emergence of interfaces more
focused on user usability and accessibility, as well as on ubiquity and naturality of use
of the digital artefacts.

Historically, the development of interfaces has favoured greater flows of infor-
mation in the communicative processes between humans and computers, as it has the
increase in usability and the decrease of the interaction processes’ difficulty [23].

The natural versus artificial dichotomy has been at the centre of the development
of proof of concept interfaces since the emergence of human-computer interfaces
development.

The available sensory modalities in human-computer interaction can promote
interaction through communicative processes equivalent to those occurring in natural
contexts. Although not a requirement, the use of interaction modalities that support
themselves on the sensorial channels that are natural in equivalent human-to-human
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contexts has been favoured. When they are not available or its use is not possible,
artificial modalities are the option and, in some cases, are more efficient.

The natural human-centred system design paradigm pursues naturalness in human-
computer interfaces and its relationship with the cognitive ergonomics. This paradigm
expands the user-centred system design and humanizes HCI with its focus on
naturality.

It is relevant in several key areas, with an emphasis on the following: augmented
environments, computer-based learning, and information visualization. Intelligent
systems and agents, interaction design, interaction through wireless communication
networks, interfaces for shared environments, multimedia design, non-verbal inter-
faces, speech and natural language interfaces, support for creativity, and user support
systems are specific fields of application.
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Abstract. Departing from oral recollections we performed about the sea, we
have developed the Sea Grains interactive installation series “SandBox” as a
poetic instrument to research how a corpus of memories can be contextualized
through digital art to illustrate the identity, emotional and social practices of
people with the sea. The installation plays back the collected oral recordings to
the participants as they playfully interact with a sandbox, stimulating multiple
senses to evoke memories. The conceptualization involved cultural studies, oral
history, and neuroscience. Through a series of public exhibitions, we have field-
tested and iterated the installation, which progressively became more immer-
sive‘ to better achieve the proposed goals. Our account can help inform artists
and User Experience (UI) practitioners exploring and integrating memory into
digital media artifacts.

Keywords: Immersive technology - Multimedia * Poetics - Identity practices -
Memory - Interactive installations + User experience

1 Introduction

Studying the sea as a place of memory and identity emerges from the personal expe-
rience in the region of Algarve, in Portugal, and also from emotional reports experi-
enced by the people of the Algarve and immigrants that reported the presence of
“saudade” (feeling of nostalgia) on different levels — some recalled the games from the
time of youth, others from their land of origin. The sea was recurrent in their narratives.
This was, fundamentally, the motivation to further study these narratives as an iden-
titary process. In a subsequent phase, field records were explored in the Algarve in
2014 and 2015. It was denoted that the narratives were initially verbalized by the
people who were contacted, according to the perception of the authors, in relation to the
indentitary expression that the sea involved in that emotional context. As such, the
potential to develop a theoretical and practical study was comprehended. This study
would raise questions about the sea, its memories and possible modes to feel and
explore this place. The experiences collected in the Algarve and the emotional reports
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where the sea was present, not only as place of memory [15] but also as metaphorical
space capable of enabling and gathering different experiences, identities and relations,
led to the creation of this work.

The artistic experience series — SandBox — presented in this article intends through
poetic immersion to (re) present life stories, scenarios or simply moments lived from
the representation of that place: the sea. To better understand the representational
universe in which the sea was inserted, different knowledge areas were explored to help
develop those experiences. Subsequently, activities were done, in a collaborative net-
work, with the aim of potentializing the initial concepts and the adequate methods to
implement interactivity.

This artistic practice was then developed from a corpus of memories of people who
contextualize the sea as an important component of the identity of their emotional
relationships and social practices.

2 The Theoretical Context

In this section, we introduce the concepts of immersive technology and the experience
of the user in a way that we can contextualize our interactive installation. We will also
address the concepts of human-computer interaction (HCI) and user experience (UX).

Immersive technology permits to dissipate the line between the physical world and
the digital or simulated world, creating a sensation of immersion. This allows to feel
present in an immersive environment. The term is used quite often to describe the
immersive virtual reality, art installations and videogames, but it is not clear if the use
of the term is the same for every user. Torchia et al. [25] refer to immersive tech-
nologies as being virtual reality and augmented reality. To the authors, immersive
technology refers to all perceptual forms and interactive technologies that establish a
link between the physical world and the digital world. This is the ideal form to
transform the people and the closest places. Humans make use of various methods to
feel the environment through the senses and the installation that we are presenting is an
example of this theme; however, it is out of scope from the authors’ analysis to get into
details about theoretical aspects on this theme.

The area of HCI has been treated in different manners, which allows us to interpret
the theories, methods and practices according to the chosen approach [7, 8, 20, 25]
Generally, it concerns the relations between people and machines and the purpose of the
practical contributions of research is to reveal unknown information on human behavior
and its relation with technology. The practical research methods generally used in HCI
include formal experiences, field experiences, field studies, interviews, focus groups,
research, usability tests, case studies, daily studies, ethnography, contextual survey and
sampling of experiences. The field of HCI has several strategies for evaluating a digital
system. But these strategies do not always map well to interactive art installations, as it is
not necessarily easy to combine HCI and art. The HCI methods may not measure aspects
in interactive art that is of huge importance for the artist [10], for instance emotions and
experiences. In this paper, we present the use of the evaluation methods — questionnaires,
observation and interviews — in the collection and analysis of data as the basis for the
creation and development of the artistic installation SandBox.
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Interaction design refers to the functions necessary for interaction between the user
and the artifact — also in this area there are several definitions [12, 17, 20]. Trifonova
et al. [26] discuss various types of interactions that can be found in interactive art
installations, varying from static and dynamic to evolutionary. They collect and group
the forms of interaction and how they influence the installation into three perspectives:
interaction rules, trigging parameters and content origin. In this case, interactivity
depends greatly on what effect the artist want to achieve with the installation and what
message she wants to share with the audience. Since the SandBox interactive instal-
lation was developed for and with users, we also recurred to user experience, as it refers
to the set of elements and factors related to the user’s interaction with a particular
product, system or service, the result of the interaction being a positive or negative
experience. It refers, therefore, to the emotions and attitudes about the use of the
product or service and includes practical, experiential, affective and meaningful
aspects.

UX “encompasses all aspects of the end-user’s interaction with the company, its
services, and its products.” (Nielsen-Norman Group 2005). A sample of definitions
about user experience is presented as follows. Alben [1]: All the aspects of how people
use an interactive product: the way it feels in their hands, how well they understand
how it works, how they feel about it while they’re using it, how well it serves their
purposes, and how well it fits into the entire context in which they are using it. Mékela
and Fulton Suri [8]: A result of motivated action in a certain context. Hassenzahl and
Tractinsky [5]: A consequence of a user’s internal state (predispositions, expectations,
needs, motivation, mood, etc.), the characteristics of the designed system (e.g. com-
plexity, purpose, usability, functionality, etc.) and the context (or the environment)
within which the interaction occurs (e.g. organizational/social setting, meaningfulness
of the activity, voluntariness of use, etc.).

Sample statements about UX found in different sources and people’s opinions
include the following: UX is an emergent field without a formal body of knowledge;
UX is a term that is elusive to grasp; UX is a momentary feeling a user has while
interacting with a system; UX is an attitude towards a system; UX is an emotional
bonding with a system; Expectations determine user experience; UX is a value; We
cannot design user experience, but we can design for user experience; UX is best
viewed in terms of marketing. In this paper several and different user experiences, as
described, contributed to improve the feeling of immersiveness of the installation.

3 Related Work

This section presents three main examples, one for each core concept: the sandbox
practice, the use of sand as a tool for experience interaction and an example from
Sénchez [23] addressing the concept of memory on an artistic installation. The
SandBox approach is not completely new. Woods et al. [27] described a project which
combines 3D visualization applications with a hands-on sandbox exhibit to teach earth
science concepts. The augmented reality (AR) sandbox allowed users to create
topography models by shaping real sand, which was then augmented in real time by an
elevation color map, topographic contour lines, and simulated water. The system
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teaches geographic, geologic, and hydrologic concepts such as how to read a topo-
graphical map, the meaning of contour lines, watersheds, catchment areas, levees, etc.
[27]. The main idea of the AR SandBox comes from an implementation of an open
source project at University of California, Davis supported by the National Science
Foundation.

KAZI et al. [11] used sand on artistic installations. Sand animation is a performance
art technique in which an artist tells stories by creating animated images with sand.
Inspired by this medium, Kazi et al. [11] developed a new multi-touch digital artistic
medium named SandCanvas that simplifies the creation of sand animations. “The
elegance of sand animation lies in the seamless flow of expressive hand gestures that
cause images to fluidly evolve, surprising and delighting audiences.”

There are also other art installations, which address concepts like memory and
reminiscence [23]. Prey explores digital storytelling and the de/composition of memory
and experience. Accordingly to the authors, Prey is a reinvention of lucid childhood
dreamscapes and a recreation of imaginary entities made incarnate in the form of three
vintage interactive novels. Prey utilizes simple and intimate forms of interactivity.

The presented installation is a novel concept since it uses piezoelectric sensors to
generate sounds by moving the participant fingers through sand. Conversely, the
exploration of the sea as an audio source can be an interesting opportunity for research.

4 Research Methods

HCI focuses on the investigation about relationships between computer technology,
human activity and society. It is a multidisciplinary field, which justifies the use of all
the social sciences evaluation methods and some engineering research methods.

Qualitative methods of research permitted to get data related with user’s motiva-
tions, expectations, and behaviors. Questions are asked, notes registered: “we tend to
project our own rationalizations and beliefs onto the actions and beliefs of others” [16].

Methods of collection and analysis depend on the challenge at hand. In this work
we used a combination of several qualitative methods: questionnaires, interviews and
observation. The questionnaires and interviews were used before the prototype
development process and throughout the interaction process. The questions were
centered on the functioning of SandBox. Researchers were also interested to collect as
much information as possible from the users perspective. The goal was to understand
how they felt using an artistic installation and what they expected when using it. The
interviews allowed, through the questions asked, to explore a wide range on the
problem that we had in hand and to collect information that allowed us to make
improvements in our installation.

Observation was done while users interacted with the SandBox installation. There
are two main ways in which researchers observe — direct observation and participant
observation. Dawson argues that “direct involves the observation of a ‘subject’ in a
certain situation” [5]. Denzin participant observation is “a field strategy that simulta-
neously combines document analysis, interviewing of respondents and informants,
direct participation and observation, and introspection [6]”.
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In this research participant observation was applied, which is a special mode of
observation where the observer is not merely a passive observer. According to Dawson
“In participant observation, the researcher immerses herself into a community, culture
or context: the action is deliberate and intended to add to knowledge” [5]. It combined
participation in the lives of the people under study whilst maintaining a professional
distance that allows adequate observation and recording of data.

Users were observed in different physical spaces with venues from Lisbon to Porto,
Faro, Guimaraes and Coimbra and in different moments between 2016 and 2018. Their
behaviors were recorded and listed. Face expressions were very important to add and to
complete the data from conversations. The data obtained contributed to improve the
physical installation and the interaction elements as well as the database of the
memories collected.

4.1 Participants

There were two type of participants: those who were interviewed at Culatra Island (15
people) and those who interacted with the SandBox at exhibitions (around 150 user
experience questionnaires were done, from which 87 were fully accomplished). The
first type were people that lived in the Portuguese region of Algarve and immigrants
who contributed to the installation development with their narratives about the sea, the
emotional experiences and life stories that hey had with this subject. The second type of
participants were exhibition visitors who interacted with the SandBox in different
events. The interactions were observed and they were asked to answer a questionnaire,
which focused on the usability and user experience of the installation. The goal was to
fit their desires and to further develop the prototype improvement.

5 The Interactive Installation

SandBox is an interactive installation created in the scope of the Sea Grains research
project. It is based on sound memories — oral narratives and sound fragments — col-
lected during two years, 2015 and 2016, in different places of Portugal in order to
understand the personal relationships affected by the sea place as a symbolic element of
belonging. These memories are records of stories, scenarios, identitary relationships
and lived moments that discuss the sea place and its context [9].

The following two fragments from the interviews done in the scope of the research
underlying this installation present the relation with the sea in a biographical way:

“I wasn’t born here! I was brought by the waves. (...) if I am here it is because this is my
destiny. The sea is part of me and I am part of all this. I arrived here I was still a baby, and
Culatra was waiting for me. There was a party and everyone came to see me.” (Claudia
Conceicdo)

“Whether we live by the sea or we only travel on vacation, whether we grew up near a beach or
we only have lied in one occasionally, most of us tend to run our fingers through the sand,
examine from close-up the little grains or just watch them slide between our fingers.” (Dolores
Steinman)
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The first fragment was collected in an interview at Culatra Island and the second
was collected by the SandBox interactive installation during an exhibition at #16. ART
International Meeting of Art and Technology.

SandBox is an artistic experience immersed in complex and peculiar dimensions -
such as nature, human, science and technology - that overlapping enable an immersive
poetics capable of operating discussions about this sea place and its relationships in
different contexts: emotional, ecological, political and even institutionalized when it
relates to the social and essentially economic aspects. For the conceptual and
methodological development of this work a continuous dialogue was necessary
between different fields of knowledge of art and technology. We also considered issues
inherent to the user experience. It was not intended to find concrete answers, but to
provoke discussions that permeate the art from the human quotidian with the use of
technology, and thus allow to broaden participatory actions that can promote and
potentiate developments in the fields of art, as well as to extend this study.

5.1 SandBox Technical Rider

The installation is flexible and can be mounted in different spaces, either indoor or
outdoor. It consists of an acrylic box (0.6 mm thick, 60 cm length x 45 cm width

15 cm height), divided into two compartments: on the inner base it has integrated an
Arduino nano, a Raspberry Pi and four sensors; on the external part of the base it has
five devices (input and output) — audio output, power on/off, recording, power supply,
sensor calibration. In the upper part, a platform is divided into four mobile trays (each
with one sensor) that sustain the sand and the movement of the users, and also a pen
drive for storage. For listening, either loudspeakers or headphones have been used,
depending on the context of the exhibition. In addition, to accommodate the acrylic
box, a table with compatible dimensions is used and to connect the power source the
requirement is two power outlets (Fig. 1).

Fig. 1. Detail of the hardware setup inside the SandBox

All hardware that allows interaction with SandBox, including audio recording and
playback, is located at the bottom of the box. The vibrations created by the users when
moving the sand are detected by four piezoelectric elements that are measured by an
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Arduino microcontroller. If there is enough vibration (as calibrated within an adjustable
threshold), a signal is sent from the Arduino to a Linux Raspberry pi computer, which
randomly selects and plays a stored audio recording (sonic fragment) on a USB flash
drive using OMXplayer. During playback, other recordings are not played back; only
when the user stops moving the sand, the sound fragment stops playing and instead
continues to hear the background sound fragments of the installation. An additional
button on the outside of the box, when pressed, signals the Raspberry Pi to make a new
recording of 30 s (see Fig. 2) through the connected microphone, which is then added
to the collection of recordings on the flash drive, adding new compositions.

Fig. 2. SandBox after an interaction experience at Universidade do Algarve, Faro. At left, the
image shows the illustrated caption for recording and, at right, the moment of interaction

5.2 SandBox Interaction Experience
The main interactions and experiences that SandBox permits are listed as follows:

1. Interaction Design, as the user interacts with the SandBox through headphones
(which allows hearing and reproducing sound fragments such as voices, natural
sounds, noises, whistles, and melodies), putting the hands inside the box, moving
hands immersed in the sand of the sea that is humid, and when the user stops
moving their hands on the sand he/she continues to listen to the sound fragments;

2. The user experiences are the emotional multiple interactions, the user participation
as author and narrator of different sound sources, diverse stimulus and perceptions
about the sea, and a dialogue space with different sensory scenarios (Fig. 3).

6 Results and Discussion

In this section we present the interaction immersed in the universe of sound and
suggestions that can be inserted in SandBox resulting from the analysis of this artistic
installation by the authors and the participants. SandBox is a listening box “that invites
the other to concentrate the whole body in the voice” [2], or in the different sound
sources - conventional and nonconventional - that when previously manipulated
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Fig. 3. Detail of the sea sand and of the underlying microcomputers at the base and users
interacting with the SandBox at the SynaisThesis exhibition.

generate different narrative paths, that is, an appropriation of the memory which was
previously revealed.

Sound as an immersive and interactive element simultaneously challenges the
memory, since it requires from the user a constant search of its sonic repertoire so that
one can understand the compositions that have been constructed. The interaction
requested by SandBox suggests listening, and sound (in this context) is

“directed and easily affected by other sounds and materialities that it crosses (...), the sound
brings us closer to the source and its identity (...); listening tuns the plural into singular, the
multiple into individual, and the body becomes an integral part of that sound” [19].

The user is also a narrator, (co) author and producer of different sound sources,
where each one has the power to (re) build its own sonorous territory and not only from
“an experience that is submerged in sound” [2] but also in multisensory experiments.
This interactive trigger has differentiated parameters with respect to the interactive
modalities and, consequently, to the behavior of the user:

“It is common to recognize among the users of the same work, possessing interactive multi-
modality, differences of attention about its elements” [13].

In this regard, we emphasize that the SandBox artistic language understands dif-
ferent modalities of stimuli, deepening of experiences and perceptions in relation to the
sea. Therefore, the interactive experiences mentioned are formed from the immersion
with the box and, later, from the intimate interpretations that each user establishes with
the narratives and/or sound fragments. In this sense, we seek from this lived (affective)
environment conditions to trigger specific sensors that are able to understand and
provide a more intuitive interaction.
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The territory is thus signified and introduced in SandBox, but not restricted,
because its poetry is constantly redrawn by different sensations and sound effects — cuts
of moments experienced or impressions perceived by the users, that is, the identity
content manifests from this scenario capable of eliciting a catch of fragmented
meaning, which depends on interpretation and reading belonging to each individual [3].
This way, SandBox is always unique and individual, because the user is triggered to be
part of the poetics, participating with its own identity. Based on the foregoing, it is
perceived that sound plays a key role in the installation. Its ability to evoke emotions,
especially through memory, makes the SandBox a space for dialogue that involves and
integrates the interaction in multiple sensory scenarios of interaction, that is, the sound
beyond its emotional domain — argument to activate dynamic events [4, 18] and feel,
enabling the user to create trajectories personified with the medium - in this case, with
the sea and its representations.

This way, the sound source allows the user to emerge and connect sensations of the
place “sea”, such as: waves crashing on rocks, seagulls, wind blowing, whistling of a
person, diving; to extend in its own way an intimate connection with what is heard, felt,
remembered, silenced, understood, and so on. In short, the sound source contains
countless readings and meanings of the place “sea”.

We now present some aspects that have arisen from using the SandBox. It was
observed that some behaviors of interaction with the SandBox undergo situations of
overlapping of instants [1], which mark the path of action of (re)territorialization of the
constructed experience (personal) through the sound source of the place “sea”. In this
particular case, sounds can (re) configure space, memory and emotion through ruptures
between the now and something before (time X space) [22].

Still in this sense, the appropriation of the place “sea” made by the user is
accomplished by means of its constant readings and interpretations, being able to
trigger possible pauses — or another open space for different appropriations.

The understanding of the narratives in the Sandbox is also beyond its physical
space. Some of the players were immersed in the box, but they did not record their
impressions, as they felt intimidated by the use of the microphone at the time of
recording; however, they expressed what they felt by talking aloud or demonstrating
their emotion. From this observation, the way of listening was changed as well as of
recording. Instead of the use of columns, a headset is now attached to a microphone so
that the speakers can listen and record their memories and feelings with more privacy
(Fig. 4).

In any case, the involvement of the user in appropriating the SandBox extends
access paths to very particular readings, and for this reason it was necessary to
reconfigure the prototypes of the SandBox to better enable the interaction of the users,
as described below.

Ist modification: the form of listening was altered — a headset coupled to a
microphone and the addition of a new sensor (in the form of a stone) that can interrupt
the listening, being the triggering of the narratives at the discretion of the user. It was
hoped that with the adjustments, SandBox would obtain engagement through the
recordings and not only in a visual and/or verbal way (Fig. 5).

2nd modification: the removal of the central sensor — when the trajectories of the
hands of the users were observed, we noticed that the stone prevented a more
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Fig. 5. SandBox version with central sensor

spontaneous movement, because it was in the center of the box delimiting the space of
interaction. In addition, the touch on the stone became constant, which could indicate
that the user was not comfortable with the listening and when touching the stone knew
that something new could arise. Before this doubt was asked (through a questionnaire)
to some users how they would describe their experience and specifically about the
presence of the stone in the middle of the installation box. The result was interesting
because the initial suspicions about the discomfort did not proceed, but we had the
curiosity as a determining action for the behaviour of the user: (A) an element in the
center of the box instigated the users to touch, that is, they wanted to pick up the stone
to observe what happened; (B) for the curiosity to hear a new sound fragment (Fig. 6).
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Fig. 6. Left: the SandBox with the central sensor in stone form in the exhibition at Museu do
Chiado during XcoAx. Right: the version of the installation without the stone exhibited at the
Fine Ars School of the University of Lisbon gallery, 2017.

After alterations in the box, new questions arose: could SandBox present the sea as
a place of possibilities of synesthetic production capable of influencing human sensory
perception? SandBox could conduct a synesthetic experience, that is, conditions to
trigger the various senses of the person who experienced it. From a first prototype we
realized that the SandBox provided a multisensory experience to the users — tactile,
olfactory and auditory. Initially, the tactile immersion of the user is requested to
activate the sensors at the submerged acrylic surface of sea sand, evoked by memories,
which reveal (randomly) different identity engagements and, consequently, diverse
cultural displacement contexts, even in case of apparently “common” places.

The (re) constructions and deconstructions of the sound expressions, previously
stored in the SandBox, allowed the user to (re) compose the SandBox through their
own sonorous landscapes. In this way, the narratives become either intermittent or
continuous, since the process of (re) composition produced by the user, like the
SandBox, is not a linear path, but a construct of different sound fragments and
memories that it has experienced or their identity practices with the theme. In this
sense, the sea is a place of subjectivity, often linked to the memory and identity of
subjects, which make this place a place of sensations, capable of producing or revealing
visuals and meanings in a dynamic process.

In this light, various forms of symbolic representations present in this place can be
extracted and susceptible to new readings. Thus, we believe that this interactive
installation, as well as the study that surrounds it, bring possibilities of contribution in
the artistic and social field with regard to the themes of a community or personal nature
that show the forms of interaction between human and nature and their social identity
links presented through multimedia art, which allowed to confront the different ways of
seeing the context — sometimes particular, others representing plural feelings and also
reciprocal.
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7 Conclusions

We consider that the interactive installation SandBox — Grains of Memory is an active
and continuous poetic process, capable of individually apprehending new soundscapes
and, thus, expanding other ways of experiencing the identity relations with the place
“sea”. In this sense, we describe some results and experiences, both about the technical
production of the installation and the immersive experiences of the users in the exhi-
bitions. In the immersive experiences, we observed that the use of time (duration of
experience) and space (area covered by the box) influenced the activity of SandBox.
Each user established their immersion levels with the box, resulting in different mul-
tisensory experiences, that is, according to the tactile path established by the user. The
box was, therefore, adjusted to the rhythm imposed by the movements.

Many users fixed their hands only to one part of the box, giving more action to the
sensors located on that surface, while the other sensors entered a kind of inertia.
Following this behaviour, the next users, when manipulating the sand in these inactive
areas, found it more difficult to interact with the whole installation, intuitively forcing
the central sensor (positioned by a rock) to restart the box. On the technical con-
struction, we made some adjustments to have more flow between the user and the box.
We noticed, for example, that the use of headphones changed the way the users reacted
by listening to the sound fragments, making them more sensitive to listening — sound
details that perhaps transmitted by speakers would not give the necessary intimacy. In
the face of this change, SandBox has made more recordings than it did the first time it
was exhibited. SandBox is therefore fulfilling its objectives as an experimental work,
changing to each new experiential context and technical challenge.

In the recent SandBox version (prototype 3), presented at the In Shadow 2017
Festival, the user had the entire surface of the box to go through. As they moved the
sand, they listened to the fragments that were allowed, and as the movement stopped,
they listened. In this case, it was noticed that there was more interaction of the hands in
the sand because the process is more intuitive than in the first versions. With the
SandBox artistic experience, important discoveries have been made regarding the
theme of the sea and its contexts, especially when revealing different ways of inter-
acting with this place and different practices of belonging presented in narratives
recorded over a year of exhibitions. As a result, we believe that its objectives are
fulfilled whilst experimental work, changing to each new experiential context and
technical challenge. In the next stage, we intend to broaden previous experiences with
SandBox in order to embrace new identity references in the search for intimate nar-
ratives and different soundscapes.

Acknowledgments. The authors would like to thank: all the users who participated in the
SandBox; CAPES research funding; Tiago Rorke, who collaborated developing the code for the
installation. This research was partially funded by ITI, through LARSYS, Projeto Estratégico
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Abstract. The aim of this research is to study the effects of gamification on end
users. Several points of attention have already been highlighted in various
research studies (e.g., motivational problems, corporate culture issues,
ambiguous social relationships, cultural literacy and gamification paradox). The
focus of our experimental study is the evaluation of the impact of a gamified
system compared to a non-gamified system on the direct perception of its users.
20 employees tested two versions of the same application: one was gamified and
the other one was not-gamified. Then, they responded to different scale-based
questions, followed by an interview. It appears that gamification leads to a
modification of the lived aspects of user experience without having any effect on
the functional aspects. Thus, the application is perceived as being more playful,
more engaging, more moving, more symbiotic. This research underlines that, in
a work environment, gamification must be applied with an acute knowledge of
its impacts.

Keywords: User experience + Gamification + Hedonism - Productivity - Impact

1 Introduction

Computer and mobile applications increasingly use gamification to enhance user
engagement and motivation and to support behavioral change. Gamification is “the use
of game design elements in non-game contexts” [6, 7]. More specifically, gamification
is “the use of game elements in non-game systems - usually digital system -, adapted to
user profiles to motivate and engage them, with an emphasis on pleasant or even
playful participation. Gamification is therefore a new type of use of certain game
principles, which (1) consists of a process seeking to increase user engagement and
motivation and lead the user to carry out a task which they wouldn’t have carried out
spontaneously with the same efficiency, and, (2) a form of presentation of human-
machine interactions according to criteria relating to the game world” [14]. The recipes
that have made video games so successful are transferred into the professional field,
without often having any precise feedback on the impacts of gamification on
employees.

© Springer Nature Switzerland AG 2020
F. Rebelo and M. M. Soares (Eds.): AHFE 2019, AISC 955, pp. 242-253, 2020.
https://doi.org/10.1007/978-3-030-20227-9_22


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-20227-9_22&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-20227-9_22&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-20227-9_22&amp;domain=pdf
https://doi.org/10.1007/978-3-030-20227-9_22

Measure of the Lived and Functional Effects of Gamification 243

Although the amount of gamified systems has increased in recent years, it appears
that their evaluations remain rare. The purpose of our research is to present a gami-
fication measurement process of the operators of a computer company, in order to
identify the positive and negative aspects of this technique.

First of all, we will define the main orientations in the field of gamification and user
experience and then describe the problematic points of this study. Then, we will
describe our methodology that seeks to compare a gamified and a non-gamified version
of the same application. The results will finally be discussed in the light of the theory of
technosymbiosis [1, 3, 5].

2 User Experience and Gamification

The development of ergonomics is partly linked to the development of new tech-
nologies, as the latter have raised the question of their adaptation to human capacities.
Recently, the notion of HCI (Human Computer Interaction) ergonomics has been
overtaken by “user experience”. The user experience (UX, User eXperience) is both a
disciplinary crossroads and a key concept to understand the entirety of human-machine
interaction. UX analyses, corrects and designs the functional and lived interactions of
all types of users in all types of work and/or social life situations, with all types of
human or technological products, services and systems. The goal is to guarantee (1) a
high level of user satisfaction before, during and after use, (2) a high quality of
interaction, as well as (3) a high technical performance. UX is increasingly seen as a
system consisting of (Fig. 1):

e inputs in relation to each other (characteristics of individuals; intrinsic properties of
human, technical and social systems; context of activity and use);

e the interaction itself, which has structuring properties;

e experienced and functional perception of technology (access, convenience, emo-
tion, persuasion);

e outputs that are the consequences of the experience, which in turn have effects on
inputs and person-system-context interaction.

Thus, UX includes two important poles: the functional dimension and the lived
dimension. It may refer to a strict functional need, just as it may relate to intellectual or
emotional motivations or social experiences. With UX, human-machine interaction is
encapsulated in a more general activity where social roles take place, skills are
developed, and social players are built. UX comprises [4]:

e A functional (interactive) experience that emphasizes the utilitarian purpose. To
ensure this function, the HCI has adopted practical criteria that simplifies access to
the function. From a functional point of view, the user interface should therefore be
seen as a means for the human being to master the technique and the functions
related to its implementation. It leads to the accessibility and usability criteria.

e A lived (experiential) experience that corresponds to the increased search for
emotions and memorable sensations where we will interact as much for the setting
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Fig. 1. Elements of the user experience.

and atmosphere as for the product or service [9]. The interaction is very often
attractive - we obviously think of video games - where the user is caught in a spiral
of engaging interactions, where s/he has the opportunity to live an unprecedented
experience of spectacular emotions, individual commitments or clandestine per-
suasions. Here, the user interface is therefore to be seen as a means for the human
being to live a poignant, emotional and engaging experience. It leads to the criteria
of emotion and persuasion.

Gamified systems offer new human-technology interfaces that combine playful
graphic presentations with new types of professional constraints [2, 19]. The aim is to
get inspiration from games and extract principles and techniques that could lead to
improved digital systems and greater appeal to the professional audience. When, for
example, the financial tracking tables are austere but usable, gamification proposes to
make them just as usable, but this time presented with more humor, attractiveness,
social value, competition or even pleasure in use [10, 12, 14]. Thus, gamification would
represent the ideal of the employee who knows what to do and how to do it, and who
gives himself entirely, as described by [11]: “so-called game-like behavior: focus on
the task at hand, multitasking under pressure, work overtime without discontented
attitude, always keep retrying when fails, etc.”. Consequently, these gamification
techniques question ergonomics in the sense that they should affect the functional
and/or lived aspects of UX. If so, how?

3 Problem and Method

3.1 Problematic

Our main problem is to identify the effects of gamification, especially when it is applied
in a professional setting. The premise is that it generates two types of impacts: lived
and functional.
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First, gamification is an enrichment of the lived experience at two levels: (1) in-
crease of the playful functions of the interface and (2) increase of the creative functions
of the interface (i.e., the ability of the user to be more creative) through greater
involvement and motivation to explore the system. In addition, the emotional aspect
which is core to gamification is also central. It often involves relying on users’ moti-
vations and adding an attractive overlay to generate positive emotions, and a positive
attitude towards the system. Gamification could also be related to the notion of tech-
nosymbiosis [1, 3, 5, 8] which underlines a strong correlation, a kind of fusion between
man and technology. Hybridized, the human being becomes a user to be involved, to be
seduced and to whom we will propose a personalized interaction, through on the one
hand solicitations that will resonate with his/her own motivations and on the other hand
a guiding interactivity that will support and optimize his cognitive efforts. The notion
of symbiosis describes technology as an extension of the human with whom it lives in a
relationship of co-dependence. The question is no longer to accept or reject technology
but to consider that humans shape technology, which in turn shapes humans.

Secondly, gamification relates to functional effects that would be negative. If some
elements are intended to support the user’s task, they inadvertently add an overlay that
can have several negative consequences, including:

e Diverting users from the primary purpose of the system and leading them to lose
sight of the business context in which the interaction takes place through quick
reward loops and a loss of the sense of effort at work;

e Leading to a rejection of the system, in particular through the perception of an intent
to infantilize and/or manipulate as in the case of the previous study;

e Undermining the perception of the system’s utility, insofar as the previous study
revealed that this notion was not present in the context of gamification;

e Decreasing perceived efficiency by being complex and time-consuming.

This leads to two general assumptions:

e HI: Gamification is a source of added value for the lived experience (increase in
playful, emotional dimensions, attitude, creativity, symbiosis);

e H2: Gamification undermines the experience through its functional impact (de-
creased perception of utility, ambiguous perception of the system).

3.2 Methodology

20 employees of a professional software company were surveyed for this study: 11 men
and 9 women of an average age 34.65 years (standard deviation: 9.26). Of these, 18
subjects analyze data as part of their employment. 11 subjects reported playing video
games. 5 subjects are familiar with gamification, 7 by name and 8 not at all. Subjects
were recruited directly by electronic means as well as by posting within the company.

The hardware consists of a habituation scenario with the use of iPad Clock and
Maps applications. It is conducted through a PowerPoint. A scenario for using the
professional mobile application is available in two versions: gamified and non-gamified
screens. Functional equivalence is ensured (Fig. 2). The system was gamified using
methods [12, 13, 15-17]. The hardware also includes the Morae recording software, an
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instruction sheet, data collection, and finally questionnaires: satisfaction during the
handover (Schmitt 2012), items emotions and attitudes [18], creativity, individual and
system symbiosis [8], and of course a profile characterization (Fig. 2).

Non-gamified version Gamified version

EEDD
B =

—

Fig. 2. Examples of screens from the gamified version placed in parallel with the non-gamified
version.

The subjects carry out a first phase of habituation with the conduct of the study on
traditional iPad applications. They observe the use of Clock and Maps applications
according to a predefined scenario. They then carry out the two phases of the exper-
iment: they are first confronted with one of the two versions of the professional mobile
application and then with another (counterbalancing between the subjects, with a
random choice). The “contentment” item is surveyed throughout the study at key
moments in the scenario, and the user indicates his/her position aloud. The same
questionnaire is presented at the end of each phase and a questionnaire providing
information on the user’s profile is displayed at the end of the experiment. In all cases,
the subjects scroll through the PowerPoint themselves in order to be able to observe the
details of the interface at their own pace. The following are measured:

e Video and audio recording of the handover via the Morae system;

e Questionnaires on 7-points Likert scales: contentment during the handover (Schmitt
2012), emotional items and attitude [18], creativity, individual and system sym-
biosis [8], user profile.

The test of the two hypotheses is based on several indicators.
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Hypothesis 1: Regarding the lived impact, higher “lived measures” scores are
expected for the gamified system than for the non-gamified system.

Hla: increase in the playful score.

H1b: increase in the contentment score.

Hlc: increase in the positive emotions score.
H1d: increase in the attitude score.

Hle: increase in the creativity score.

HIf: increase in the individual symbiosis score.
Hlg: increase in the system symbiosis score.

Hypothesis 2: Regarding functional impact, higher “functional measures” scores
are expected for the non-gamified system than for the gamified system.

e H2a: A gamified system induces a lower utility perception score than a normal
system.

e Thus, the verbalizations of the subjects will present positive and negative arguments
according to the gamified version compared to the non-gamified version.  These
verbalizations are also indicators of the user experience (lived and functional).

4 Results

All the results are statistically analyzed using mean comparison tests (tests of normality
and homogeneity of variances) led to the choice of the type of test (parametric: Stu-
dent’s t; non-parametric: Wilcoxon).

4.1 Results: Impacts on the Lived Experience

Hla: A gamified system induces a higher score on the playful item than a normal
system. The hypothesis is validated. The average on the play item of the gamified
version is significantly higher than that of the non-gamified version at p < 0.02 (N = §;
T =0; Z=2.52). Thus, it is (mg = mean gamified) mg = 6.15 (sg = 0.99, sg =
standard deviation gamified) while that of the non-gamified version is (mn = mean
non-gamified) mn = 5.50 (sn = 1.15; sn = standard deviation non-gamified). By ana-
lyzing the scores distribution, it appears that if the medians and extremes are identical,
there is a real difference in score at the playful item in terms of the interquartile range.
The score assigned to the gamified system extends to a high score, that of the non-
gamified system to a lower score.

H1b: A gamified system induces a higher contentment score than a normal sys-
tem. The hypothesis is validated. The average regarding the contentment item of the
gamified version is significantly higher than that of the non-gamified version at p < 0.01
(t[19] = 3.66). Itis in fact mg = 2.18 (sg = 0.62) while that of the non-gamified version
is mn = 1.75 (sn = 0.66). By analyzing the scores, it can be seen that the median is
higher for the score assigned to the gamified system compared to the non-gamified
system, with more narrow extremes and a substantially similar interquartile range.
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Hlc: A gamified system induces a higher positive emotion score than a normal
system. The hypothesis is validated. The mean positive emotions (score calculated:
mean of responses to positive emotion items) of the gamified version is significantly
higher than that of the non-game version at p < 0.01 (t [19] = 2.99). Indeed, it is
mg = 5.07 (sg = 0.76) while that of the non-gamified version is mn = 4.40 (sn =
1.10). It is interesting to note that the median is higher for the score assigned to the
gamified system compared to the non-gamified system, with more narrowly defined
extremes and interquartile range.

H1d: A gamified system induces a higher attitude score than a normal system.
The hypothesis cannot be validated. The mean attitude (score calculated: average of
responses to attitude items) of the gamified version is mg = 6.13 (sg = 0.65) while that
of the non-gamified version is mn = 5.63 (sn = 1). However, the difference is not
significant at p = 0.052 (t [19] = 2.07).

Hle: A gamified system induces a higher creativity score than a normal system.
The hypothesis cannot be validated. The average creativity of the gamified version is
mg = 5.6 (sg = 1.23) while that of the non-gamified version is mn =5 (sn = 1.65).
The difference is not significant at p = 0.09 (N = 12; T = 18; Z = 1.65).

HI1f: A gamified system induces a higher individual symbiosis score than a normal
system. The hypothesis is validated. The mean individual symbiosis (calculated score:
mean of responses to individual symbiosis items) of the gamified version is signifi-
cantly higher than that of the non-gamified version at p < 0.01 (t [19] = 3.75). It is
indeed mg = 5.46 (sg = 0.74) while the non-gamified version is mn = 4.95 (sn =
0.70). Regarding the distribution of responses, the median is higher for the score
assigned to the gamified system compared to the non-gamified system, with narrower
extremes.

Hlg: A gamified system induces a higher system symbiosis score than a normal
system. The hypothesis is validated. The system symbiosis mean (calculated score:
average of responses to system symbiosis items) of the gamified version is significantly
higher than that of the non-gamified version at p < 0.01 (t [19] = 3.08). It is indeed
mg = 5.38 (sg = 0.76) while that of the non-gamified version is mn = 4.76 (sn =
0.93). Regarding the distribution of responses, the median is higher for the score
assigned to the gamified system compared to the non-gamified system, with narrower
extremes. The interquartile range is also higher in the case of the non-gamified system,
with a wider distribution below the median.

4.2 Results: Impacts on Functional Experience (Experiment)

H2a: A gamified system induces a lower utility perception score than a normal
system. The average utility perception of the gamified version is mg = 5.95 (sg =
0.90) while that of the non-gamified version is mn = 5.40 (sn = 1.34). However, the
difference is not significant at p = 0.052 (N = 14; T = 21.5; Z = 1.95). Despite a
downward trend in the utility perception, the hypothesis cannot be validated.
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Qualitative Results: Study of Verbalizations

The qualitative analysis of post-experimental verbalizations reveals that different
themes appear repeatedly between subjects, and that the latter refer to both positive and
negative aspects of gamification, thus revealing a certain ambiguity regarding the
notion. The hypothesis is therefore validated.

Positive Criticisms
First, the subjects expressed positive opinions regarding the gamified version, and
particular regarding its playful aspect, more present than in the standard version.

5

— I3: “well, it has a little game side in a way, a little Foursquare side, a little playful
side (...) I prefer the first in terms of IU and the second in terms of spirit (...) The
2nd version 1 find it uh the playful side uh the side I learn by having fun, I win
badges uh, 1 measure myself against my colleagues (...) I found it nice.”

— I7: [badges] “Okay, it’s like in the games”

— 19: “it’s like in a game, it’s good when you're bored”

— 110: “[the non-gamified version] it’s usable but less playful”

— 116: “It’s funny, isn’t it?”

In addition, subjects sometimes smiled or laughed when viewing the gamified
version. Far from being a mockery, it seems to be indicator of their surprise and
appreciation. For example, one of them laughed while he had asked for a visualization
to be deleted and it was falling apart. Then, users reported more pleasure in the
interaction, with a description of a system that would be «nice», «sexy», friendly and
dynamic

— I5: “easy navigation capacity, the information is immediately analyzed, sorted, etc.
in a very user-friendly way, very simple (...) visually it is very pleasant (...) more
dynamic, with more conviviality, it’s just that it had more relief”.

— 19: “it was like more colorful, more interactive, with like pictures of the people,
more personal. And it was less serious (...) and it would like grab more your
attention»

— 112: “Before it was more fun, more encouraging, now [non-gamified version] we
don’t want to look for or understand (...) now it’s corporate software, the other one
was cooler (...) It’s classic but then it does its job (...) It s like you took a grenadine
and after a mineral water ... the mineral water can be very good on its own”.

— 114: “It was certainly the first[gamification] that gave me more inspiration. I think
it was much more... I imagine it was much more interactive, much more enjoyable
(...) a little less straightforward (...) it made me a little more enthusiastic (...) I
wonder why people would prefer the soberer version, maybe it seems more serious

>

to them, maybe, though if I think we can be serious with a colorful atmosphere”.

The subjects also commented on the innovative aspect of gamification. Thus, the
gamified version would be more inspiring, more modern and less classic.

— 110: “[non-gamified version] it’s a basic application, it’s a little more classic,
there’s less surprise and novelty”.



250 E. Brangier and C. Marache-Francisco

— 111: “more modern”
— 113: “it’s more human, it’s more modern and it’s easier”.

Finally, it should be noted that the subjects also mentioned the guiding aspect of the
gamified version. It was perceived as more intuitive, and as more easily drawing
attention to the relevant.

— 112: “it’s not like the old Excel all ugly, you don’t know where to look for the data
all that, here it’s more highlighted, it’s more intuitive (...) were less into looking
for to see the info of being on your graph to say s** where is the data you need to
see”.

— 113: “there is this help which actually is very useful (...) it is generally well done”.

— 118: “that’s really nice, I feel much more confident now (...) and secure (...) The
application is creating a relationship with me (...) I am encouraged, it increases

>

adoption and confidence”.

Negative Criticisms

Although the subjects showed a preference for the gamified version, this does not
mean that they fully agree with it. One criticism is that gamification constitutes noise in
relation to the primary purpose of the application. The users spoke of distraction,
pollution, complexity, lack of usefulness or even lack of professionalism.

— 113: “it’s visual pollution insofar as it doesn’t bring anything, it’s just a graph”.

— 120: “it’s always to use animations in moderation in general because, there are
sides, um, it’s a little fun but after that, it’s not a gadget either, it’s still a product
used for professional purposes”.

The subjects also spoke, in the continuity of the notion of noise, of diversion of
purpose.

— 112: “these badges stories and all that for me it’s useless (...) it diverts the
objective, it’s a thing that instead of focusing on data, on dashboards, on all that,
we do... what must be a tool we make it a purpose (...) you're in a company, your
employees, well they re there, they have badges, they 're all happy... yeah, ok, for
the company what is it for? It’s no use, it’s just hot air. And don'’t tell me it’s like
motivation, bloody stuff, that’s not how you motivate people (...) and then the
competition goes on for the one who does the most dashboards?”.

— 117: “Now we’re on the social side, and now it’s not too much my delirium ( ...) and
in the professional world even less (...) the goal is laudable you see, but I think that
in the end it can deviate from the original goal ( ...) finally you will maybe use it for
something else you see (...) the like, the feed”.

Finally, different subjects reported negative emotions during interaction with the
gamified system.

— 16: “the image that will break down like that finally it’s very, very negative in fact”.
— 110: “[badges] I know I did well, but it makes me feel like we're rewarding
something difficult”.
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5 Discussion and Conclusion

The objective of this study was to determine the effect of gamification on the perception
of functional and lived experience. Two theoretical hypotheses have been formulated in
this context:

e HI1: Gamification increases the lived aspects of the experience (more playful per-
ception, positive emotions, attitude, creativity, symbiosis),

e H2: Gamification undermines the functional aspects of the experience (decreased
perception of utility, ambiguous perception of the system).

In order to test them, a gamified and a non-gamified version of the same profes-
sional mobile application were presented to users. Questionnaires were used, and
verbalizations were recorded to enrich the information collected.

Both operational assumptions have been partially validated. There is no influence
of gamification on the attitude or creativity score. However, it impacts playfulness
perception, contentment, positive emotions, individual symbiosis and system sym-
biosis. It is positively affected by the use of gamification compared to a neutral system.
Concerning the functional impact of gamification, while no difference in terms of
perceived utility was observed, positive and negative arguments were found in the
verbalizations, revealing an ambiguous experience. If the gamified version generates
positive criticism (playful, pleasant, innovative, guiding) and if more than 75% of
subjects say they prefer it, there is no difference in terms of attitude and perception of
usefulness with the non-gamified version. Both systems therefore lead to a favorable
state of mind and are perceived as useful. The same applies to the question of creativity
with the data: both systems are identified as allowing equivalent analytical work to be
carried out. Thus, the difference operates on the relationship that is established through
gamification: a relationship that is more emotional, more playful, more guiding and
finally more symbiotic. This allows us to validate the idea of a new mode of interaction
that involves more emotions, more symbiosis through, in particular, increased feelings
of control and adaptation, and the presence of an emotional balance. Finally, gamifi-
cation seems to achieve its parallel goals of seduction and pleasure while implicitly
pushing for productivity, since a dependence is established with this symbiotic rela-
tionship, and users are/will probably be more controlled and standardized.

In addition, as the verbalizations reveal, the gamified system has raised negative
criticism. Some elements, whether visual or functional, were perceived as useless and
disturbing (some subjects even talked about diversion from the initial professional
goal), or even as inducers of negative emotions (e.g., excessive reward giving an
impression of difficulty when the task is simple, or even stressful metaphors). This
reflects the ambiguity of gamification [17]. Thus, it seems that we are in the context of
interactions aiming at stimulating and generating pleasure even if it means sinking into
«too muchy, especially in the case of subjects who have a clear vision of their objective
and who do not wish to interfere with its resolution. The subjects thus highlighted the
distance from the professional goal and, by extension, the meaning of work. With this
and the notion of symbiosis and control, the whole paradox of gamification emerges
through this study.
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This study also raises the question of the relative effectiveness of gamification.
Some users have shown a clear preference for the non-gamified version. If gamification
generates a priori an incentive relationship for action, it is therefore not enough to
predict its effects. It is the user who will decide whether this mode of interaction is
appropriate for his/her activity and whether this object is an instrument. Thus, some
subjects stated that elements of the gamified version provided added value on the
playful, hedonic and guiding dimensions because it fit positively into their work
context and would allow them to achieve it in a more pleasant way and with more
guidance and confidence (especially for the most inexperienced persons). On the other
hand, elements were perceived as noise generators, potential goal diverters and finally
inducers of negative emotions. In these situations, gamification elements were rejected
or ignored because they did not appear to be consistent with the expectations of the
work context.

Are we moving towards a kind of productive hedonism that seeks to mix profes-
sional motivation and gambling pleasure, and thus induces reactive behaviors from
some users who feel trapped? Probably... and this obviously implies further research in
this area, to measure the effects of gamification in real work situations.
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Abstract. The aim of this paper is to understand the effects of the interaction
between clothes, body shape and measurements and how it affects 3 subjects
with different body mass index. Also, it wishes to observe the application of a
mixed, qualitative/quantitative scientific methodology. The plus size public,
despite being already majority in many countries is still seen as a niche market.
This is a promising and lucrative market and many companies are looking to
embrace it. The increase in the quality of the clothing products depends on the
knowledge development in several areas among which the ergonomics and
anthropometry. The results indicate the statistical and morphological variation
between the groups and within the groups, and in the visual analysis.

Keywords: Body morphology - Plus size + Body mass *
3D body scan measurements - Methodology

1 Introduction

Obesity has almost tripled worldwide since 1975. By 2016, when latest World Health
Organization (WHO) survey has done, more than 1.9 billion adults, people over 18,
were overweight, considered healthy World Health Organization (WHO) directions
[1, 2]. Nowadays, considering all the countries in the world, there are more obese or
overweight people than underweight, this occurs in all regions, except for some sub-
Saharan Africa and Asia areas [1]. The epidemic of overweight and obesity has also
spread throughout Latin America and the Caribbean, with a greater impact on women
according to the United Nations Food and Agriculture Organization (FAO) and the Pan
American Health Organization (PAHO) [3]. The latest joint report from these orga-
nizations indicates that 58% of the Latin American and Caribbean population are
overweight totaling 360 million people [3]. In Brazil, the scenario does not deviate
from the global. Overweight in Brazilian population grew 26.3% in the last decade [4].
Currently, more than 50% of Brazilians are in a higher weight than the World Health
Organization (WHO) recommend [4].

The overweight’s physical alterations at individuals generate specific demands from
the public to the textile and fashion industry [5-7]. Industries do not offer products in
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enough quality and quantity to reach the needs of plus size public [5]. Thus, the offer of
fashion items decreases as the measurements grow at sizes charts. Overweight people’s
needs and aesthetic values are placed in the background. It is difficult and even
impossible to find appropriate clothes for those people [8], in this way, the market
moves in the opposite direction to the consumer’s desire. Plus size people, despite
being already majority in many countries are still seen as a niche market [9, 10].

Regardless of whether it is a niche or not, the fact is that this is a promising and
lucrative market and many companies are looking to embrace it. In order to companies to
grow, the path usually goes through price reduction or increase in product quality [10].
The enhancement in the quality of clothing products depends on the knowledge devel-
opment in several areas, among which ergonomics and anthropometry [2]. Despite the
numerical superiority of obese and overweight individuals, few studies have investigated
anthropometric and morphological characteristics of these types of bodies [2]. Although
the morphology of the human body is presumably not homogeneous [10], the study of 3D
aspects of the body can provide information for a more current biotype characterization,
witch accurately represents populations.

Most anthropometric research methods are based on the statistical analysis of
measurements collected manually or with 3D scanners, but these data are analyzed and
applied in the development of clothing following a 1D rationale [12]. The reasoning of
the traditional method of development and alterations of patterns is no longer enough to
provide clothing with good fit and comfort or attend to the morphological differences in
population [10]. Using linear measures in basic pattern foundations is the accepted
method and recognized as useful for the industry, its importance is evident. However,
changes in dietary pattern, physical inactivity, and lifestyle have now re-designated
morphotypes, and it is a fact that people of similar weight and size may have different
types of bodies [10, 12].

In this way, mass customization seems to be a good direction. For the growth and
implantation at the industrial level, mass customization necessarily requires the
understanding of the morphology and interaction of the bodies with the clothes. In this
scenario, this experiment aims to understand the effects of the interaction between
clothes and body shape and measurements and how it affects 3 subjects with different
body mass index (BMI). Also, it wishes to observe the application of a mixed,
qualitative/quantitative scientific methodology.

To achieve this goal, 3 individuals with different body masses were selected,
mathematically classified in the same biotype. One of the subjects is considered normal
weight within the World Health Organization (WHO) and body mass index (BMI).
These individuals wore 5 different bottoms designs sewn with different fabrics.
Comparisons between the three individuals were made.

2 Method

2.1 Sample Selection

The scanning was conducted in three women in the aged 19 — 45 years and three
different body mass index (BMI). According to the World Health Organization (WHO),
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healthy = 18,6-24.9; excess weight = 25-29.9; and obesity grade I = 30-34,9 [1].
They represent the most recurrent body type in the southern region of Brazil, which is
rectangular body type [1]. The choice of a healthy subject is due to the interest in doing
a comparison with excess weight’s people. These three people were named Subject 1, 2
and 3 in a crescent IBM order.

2.2 Data Acquisition

The 3D scans were obtained from a Microsoft Kinect 360 and RecFusion Pro 1.4.5.
Pre-processing steps (fill holes, remove noise, smoothing and optimizing the mesh) are
obtained with Autodesk Meshmixer 3.5.474, measurements were achieved com 3D
measure UP 2.2.18360.165 by ProtoTech solutions and finally analyzed statistically
using Paste 2.17c e Microsoft excel.

In order to generate 3D objects which are rigorously comparable between each other,
we only take into account the torso of the body scan [13, 14]. Arms and legs are not
relevant for the morphology comparison in this study, as the main measurements of a
garment are related to the torso fitting waist and hip girth as variables to analyze. Par-
ticipants were scanned wearing five different kind of pants. The bottoms were sewed with
different fabrics of varying composition and weight in five different designs (Table 1).

Table 1. Fabric’s composition and weight.

Clothes Composition/weight Fabric

A Controlfunderwear |97% PA 2% CO 1% PUE | Lupo Underwear

B Fold over waistband | 92% PA 8% PUE Aradefe Fitness
265G/M2

C Elastic waistband 92% PA 8% PUE Aradefe Fitness
265G/M2

D Low waist 11,5 OZ/YD2 Santista Denim
390 G/M2
99% CO/1% EL

E High waist 11,5 OZ/YD2 Santista Denim
390 G/M2
99% CO/1% EL

The fabrics and designs were chosen because of they are common and widely used
in southern region of Brazil. Bottoms were cut from pattern blocks drafted with size
chart and diagram from MIB method [15]. The top was selected so not interfere in the
experiment and remained constant. Girth waist and hip were the choose measurements
(Table 2). The obtained images were evaluated from two perspectives: the morphology
and the measurements of the bodies. One-way ANOVA, Tukey test and t-test identifying
the differences and significance levels between the measured circumferences.

Comparison were made between the morphological and statistics results in
everyone, according to the different trousers, and between three participants. The
method of analysis used was mixed, qualitative/quantitative, because the combination
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Table 2. Body dimensions selected for body shape analyses.

Variables | Measurement procedure

Waist Horizontal circumference around the waist, taken parallel to the floor at the
girth smallest point of back waist as seen from the side

Hip girth | Horizontal circumference around the hip, taken parallel to the floor at the greatest
prominent point of the buttocks as seen from the side

of methods offers an alternative for the investigation of complex phenomena, which is
the case of anthropomorphic and morphological investigations.

3 Results and Discussion

The measurements obtained are presented in the following Tables 3 and 4, all measures
are in centimeters. Table 3 shows the measurements of the three subjects wearing the 5
different types of bottom. It can be observed that the waist and hip girths, obtained with
the subjects wearing only the underwear (control), do not match with Brazilian mea-
sures tables. It is important to note that until the publication of this article, a complete
and official anthropometric study was not published in Brazil.

Table 3. Waist measurements.

Waist | Subject 1 | Subject 2 | Subject 3
A 63 82 110

B 63 83 107

C 63 85 114

D 63 86 118

E 67 88 112
Mean | 63,8 84,8 112,2

In a brief comparison between different tables of published measurements, it was
observed that in the MIB [15] and AUDACES [17] size chart, subject 1 would be
considered a size 38 while Subject 2 would be between sizes 46 and 48 and Subject 3
does not fit in this chart. The same occurs with the SENAI [16] chart, in which Subject
3 also does not find any size, Subject 1 would enter sizes 36 and 38, Subject 2 between
46 and 48. Despite the confusion of sizes Subjects 1 and 2 find a representativeness of
their mathematical measures in these charts, which does not occur with Subject 3,
which does not have representative measures in any of them. From the measurements
(Tables 3 and 4), the statistical analysis was performed.

For the statistical analysis, it was established:

e Variance de 0,05 (5%)
e HO: pA = uB = pC = uD = pE or HI: at least one inequality
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Table 4. Hip measurements.

Hip Subject 1 | Subject 2 | Subject 3
A 88 103 124

B 87,5 106 125

C 89,5 104,5 125

D 90 106 124

E 94 106 125
Average | 89,8 105,1 124,6

e Groups: A, B,C, D, E
e Participants: Subject 1, subject 2, subject 3

The first statistical test applied was a one-way ANOVA. The summary of the results
is in Tables 5 (waist) and 7 (hip). The comparison between groups and within groups is
presented. Among the sources of variation, the one of most interest is the p- value that
is below the established level of significance, 0.05 (5%), then indicates that there is at
least one significant difference between two groups.

Table 5. Analysis of variance (ANOVA) — Waist
ANOVA: one way

SQ gl IMQ F Valor-P | F critico
Between groups | 57,6 4|14,4 0,024253 1 0,99865 | 3,47805
Inside groups | 5937,33 | 10| 593,7333
Total 5994,933 | 14

Observing p-value for analysis of waist means, we have that 0.998 > 0.05 being so
we failed to refute HO, since there is difference between waist means for the use of
different pants indicating that the difference between means between groups is statis-
tically significant to the waist. This is visually evident when one observes the difference
in curvature of the three waists and hips. Although the three subjects belong to the
same biotype, it is possible to notice that the waists and hips do not necessarily have
equal variations.

It is natural to conclude that this may be one of the factors that makes so difficult to
use tables of measures satisfactorily. Another consequence for this variation will be the
difficulty in obtaining a satisfactory fit on the clothes. In this case, we applied the Tukey
test to identify in which interaction there is a statistically significant difference
(Table 6).

A - Control/underwear, B - Fold over waistband, C - Elastic waistband, D - Low
waist, E - High waist.

The result of this test indicates that only B (Fold over waistband) to A (under-wear)
presents similar averages, that is, the means of the waist measurement samples wearing
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Table 6. Tukey’s pairwise comparisons.

A B C D E
A 1 1 0,9996 | 0,9996
B | 0,04739 0,9990 | 0,9992 | 0,9992
C|0,1659 |0,2132 1 1
D|{0,2843 |0,3317|0,1185 1
E 10,2843 10,3317|0,1185|0

pants A and B are statistically similar. It is evident that the pant B in relation to the
control/underwear shows very little change in morphology of the body.

The ANOVA for the hip (Table 7) shows the p-value 0.999 > 0.05, and we also
failed to refute HO, since there is a difference between the means of hip in the different
groups.

Table 7. Analysis of variance (ANOVA) — Hip

ANOVA: one way

Fonte de SQ gl [ MQ F Valor-P F critico
variagdo

Between groups | —17,3333333 |4 |4,333333333|0,014162763 | 0,999531112 | —3,47805
Inside groups 3059,66667 |10 | 305,9666667 3059,66667
Total 3077 14

A T-test was performed comparing the measures of everyone. The three subjects
presented the P (T < t) < 0.05 indicating that waist and hip presented at least one
significant statistical difference.

Thus, the mean change in measurements in terms of different models and tissues is
statistically significant. In this case, looking at the Fig. 2, in which we see the Subject 3
wearing the models B, C, D and E, it is possible to verify the relationship between the
statistical analysis and the morphology of the subjects.

It is important to qualitatively analyze visually significant differences in subject’s
morphology and between groups. We select Subject 3 for this analysis. When wearing
design B, the contour of the body is softened presenting an organic line with almost no
interruption or abrupt change of direction. Dressed in design C, although the pants have
been sewn in the same fabric as the B, the waist has an elastic, which generates a slight
break in the waist and hip line. The D and E designs cause a very visible deformation in
the waist, stomach and hip area. In D it is observed that the waistband forms a
containment strip by wrapping the waist. In this case the belly lies above this waistband
falling and hanging out of the pants. The E design has a high waistband, decreasing the
belly pending effect, however, the stomach becomes compressed and moves down. The
break in the silhouette line in D and E occurs mainly by the type of fabric (jeans) and
the double waistband in a rigid fabric (Fig. 1).
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B C D E
Fig. 1. Subject 3 wearing 4 different bottoms
Figure 2 shows the three subjects in order 1, 2 and 3 in frontal, lateral, diagonal and

back views. As a matter of space, only the images referents to E (high waist jeans) were
addressed here.

Fig. 2. Subjects 1, 2 and 3 in frontal, lateral, diagonal and back views

Morphological variations between the subjects spots the differences in body mass
index (BMI). We could say that within this sample, significant statistical variation is
related to morphological variation, but it is not possible to associate statistics with body
mass index (BMI), because it is not a variable, but only a sample selection factor in this
experiment.

Qualitatively, it is evident that plus size bodies are more affected by different pants
than the lean body. Back skinfolds in Subject 1 are non-visible, in Subject 2 a fold is
seen on the side but does not extend to the back, this occurs in Subject 3. Clothing to
body relation does not offer a linear result in relation to morphology. Even if it is a
single biotype, and wearing strictly similar clothing, fit issues are proportional to the
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subjects increase in body mass index (BMI). Thus, even if the subjects’ body mass
index (BMI) has not been compared statistically, it is possible to visually establish a
relationship with the body to clothing interaction. In this way, it is possible, in this
work, to establish a qualitative, visual and non-numerical relationship between the
body mass and morphology.

4 Considerations

There is a crescent demand for better fitting and higher quality clothing by the plus size
consumer. The expansion of the knowledge on anthropometry and morphologies of
these bodies is a maximum relevance tool to reach that objective. This experiment aims
to understand the effects of the interaction between clothes to body shape and mea-
surements, also, how it affects 3 subjects with different body mass index (BMI).
Likewise, observe the application of a mixed scientific method.

The results point out to gaps in the relationship between statistical tests and mor-
phology of bodies. Even though the results of the statistical analysis and the mor-
phological analysis show convergent and concordant findings, in this experiment, it
was not possible that a dependence between both was established, mainly because the
small number of participants. It is possible to emphasize that ANOVA and r-test offer
binary information, of yes and no answers, and the Tukey fest indicates the specificity
of the deviant data. On the other hand, the morphological visual analysis adopted in this
test, proposes qualitative results.

Qualitative analysis founds challenges and sometimes resistance in the scientific
community, because of data systematization. However, considering the overweight
population demand for better fit and experience with clothing, the need for the design
of qualitative-qualitative experiments is evident. The results presented in this paper
cannot be generalized due to reduced sampling. Next experiments should start from a
significant sampling. The qualitative-quantitative approach is author’s suggestion for
future works.
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Abstract. Mental workload is an important indicator of an operator’s perfor-
mance when executing a certain task. As a design concept, it is fundamental for
monitoring and assessing his interaction with technological devices, such as
imaging systems. A bad design can affect the mental workload of the operator,
and therefore, becomes useful to assess it while performing the required tasks.
This work presents a tool for cognitive workload assessment that is composed of
two open-source and low-cost hardware parts: an electroencephalography sys-
tem and an eye-tracker. Both are synchronized via an open-source software: Lab
Streaming Layer. This paper describes the architecture of the sensor system,
considering also specially developed hardware and software components that
were included to allow the integration of the different subsystems. In order to
show the performance of the system as tool to assess some psycho-physical

indicators, examples of dedicated signal processing are also presented.
Keywords: Human factors + Human-systems integration -

Systems engineering * Electroencephalography - Eye-tracker -
Brain-computer interface - Signal processing - Cognitive workload

1 Introduction

)
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A human operator is a critical link in the decision loop of some imaging systems,
whose overall success rate is directly related to the operator’ performance. One
important indicator of the need for rest, or change of operator, can be a relative low
performance of his mental workload and high fatigue level, when evaluated over time.
To this purpose, a low cost system was developed in order to assess such indicators,
using electroencephalography (EEG) to read brain waves and an eye-tracker to detect
pupil size. The paper here presented shows some of the work produced towards the
implementation of an integrated hybrid system tool that includes open-source hardware
and software, test environment and data processing algorithms. An overview of the

system can be seen in Fig. 1.
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Fig. 1. The overview of the system, including a Light Dependent Resistor (LDR) and the Lab
Streaming Layer (LSL) software, used to synchronize both the eye-tracker from Pupil-Labs and
the EEG system from OpenBCI. The output is saved to an Extensible Data Format (XDF) file to
be further analyzed.

2 Equipment/Hardware

The hardware systems included in this solution are divided in two main categories:
(1) the Electroencephalography (EEG) signal acquisition device and (2) the Eye-tracker
device.

2.1 OpenBCI EEG Setup

Electroencephalography was the method used to acquire electrical activity from the
brain by means of an OpenBCI [1] Cyton V3 32-bit board. This board has a Texas
Instruments ADS1299 [2] analog to digital converter with 24-bit channel resolution and
independent gain control that enables the use of sensors with a multitude of gains, from
x 1 to x24 gain. This is particularly relevant as sensors with different sensitivity can be
used at the same time. The board was mounted on a 3D-printed OpenBCI Ultracortex
“Mark IV” EEG Headset, enabling the use of up to 35 different 10-20 locations [12].
The first iteration of the system had wet gold cup shell shaped electrodes, applied with
Ten20 paste. However, those were replaced with dry electrodes, in a more stable
configuration and faster experiment setup. This board can hold up to 16 electrodes (8
from Cyton + 8 with Daisy module) and communicates via wireless link to a computer
through the OpenBCI USB dongle using RFDuino radio modules. The sampling fre-
quency can vary from 250 Hz to 16 kHz, allowing the data to be transferred to the
computer via Wi-Fi or saved to a micro SD-card.
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2.2 Pupil Eye-Tracker

Apart from reading brain waves, another method to evaluate mental workload is by
analyzing the operator eye movements, mainly pupil dilation [3-5]. Therefore, an eye-
tracker device was added to the OpenBCI system but in order to accommodate the eye-
tracker and EEG Headset, the former had to be unobtrusive and lightweight. The used
eye-tracker was Pupil from Pupil-Labs [6] and has 3 cameras: 1 world camera with a
sensor able to acquire images of 1920 x 1080 pixels at 30 fps (or higher fps with lower
resolution), located on the forehead of the user; and 2 other cameras, able to acquire
images of 400 x 400 pixels at 120 fps, one assigned for each eye. The Pupil eye-
tracker makes use of the “dark pupil” detection method [7]. In this method, the subject
eyes are illuminated with a surface mounted IR LED emitting at 860 nm wavelength,
and IR images are acquired using an IR band-pass filter. Results of performance
evaluation show, that under ideal conditions, Pupil can provide an average gaze esti-
mation accuracy of 0.6 = 0.08° of visual angle with a processing pipeline latency of
only 0.045 s [8] (Fig. 2).

N Pupil Capture - eye 1

CPU33S

Fig. 2. Pupil detection performed by the eye-tracker.

2.3 EEG-Stimuli Sync Device

As opposed to spontaneous potentials EEG acquisition, where stimuli does not exist or
is not relevant for the analysis, there are tests, such as Visual Evoked Potentials, in
which the stimuli presentation needs to be synchronized with the bio-sensors, i.e.
present stimuli to the subject and record its response in the same timeline. Since the
OpenBCI board has independent gain control for each channel, the synchronization
was achieved using a Light Dependent Resistor (Fig. 3, Left). A LDR is a light sen-
sitive resistor whose resistance decreases, as the intensity of light it is exposed to,
increases. If the stimuli are presented on a white background screen and, at the same
time, a small black square is also presented on a corner, the LDR positioned over the
square area can detect the light intensity changes. As can be seen in Fig. 3 (right), the
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change from light to dark and back to light causes a distinct peak from the constant
background that can easily be detected in the signal pre-processing stage, allowing the
synchronization between the EEG sensors, LDR (both connected to the OpenBCI
board) and the stimulus presentation.
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Fig. 3. (Left) The LDR; (Right) Example of an output from the LDR with screen brightness
changes.

3 Equipment/Hardware

3.1 Graphical User Interfaces

Graphical User Interfaces (GUI) software are available for both OpenBCI and Pupil-
Labs hardware. They can be used to acquire data and/or visualize data recorded from
other sessions.

Visualization of EEG data streaming from the Cyton board is also useful to check if
sensors are placed correctly and have a good signal-to-noise ratio, either prior to a data
acquisition or during a session. The default output of the OpenBCI GUI is a text file
with n + 5 columns, with n being the number of active channels and the remainders for
indexes, X, y, z coordinates of the accelerometer, and time stamps.

Data from the Eye-tracker can be recorded via Pupil Capture software and then
seen, processed and analyzed through Pupil Player software. The output contains
information about gaze, fixations and pupil diameter over time. One useful capability of
this software is the generation of gaze heatmaps allowing a better visualization of
where the operator was looking at over a defined period of time.

These GUIs can be used independently to test each part of the system, but in order
to have the EEG and eye-tracker signals synchronized, the Lab Streaming Layer
software was used as the software interface to combine both data and time stamps
recorded simultaneously.

3.2 Lab Streaming Layer

The Lab Streaming Layer (LSL) [9] was used as an interface to synchronize all the
recorded data (EEG and eye-tracking data) by the included default program LabRe-
corder. This program combines data and time stamps from the available LSL plugin of
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each hardware part, saving the data into the Extensible Data Format (XDF) which is a
general-purpose container format for multi-channel time series data.

4 Tasks and Stimuli

The main purpose of the system presented in this paper is to be used as a tool to analyze
a subject mental workload while performing certain task(s). In order to test the system
some tasks were implemented, using either software environment (PsychoPy and
Processing) or hardware (Arduino). A couple of these test setups are explained in the
next sections.

4.1 Psychomotor Vigilance Task

The Psychomotor Vigilance Task (PVT [10]) is a sustained attention, reaction-timed
task that measures the speed with which subjects respond to a visual stimulus. This 10-
minute task [11] was implemented via Arduino with a red LED and a button, having 3
outputs: LED on, LED off and button pressed. These states were passed through a
single analog channel using a scheme of voltage dividers on which the 3 different
values could be distinguished (1.25 V, 1.67 V and 2.5 V) as seen in the oscilloscope
screen in Fig. 4. The Arduino power was isolated from the OpenBCI board (using a
couple of CNY17 Optoisolators) where the signal was being acquired, therefore,
synchronized with the rest of the EEG channels.

Fig. 4. A single analog channel used to transmit 3 different values.

4.2 N-Back

The N-back is a task in which the subject has to temporarily memorize information
from a past event and compare it to the present one (Fig. 5). When presenting a
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sequence of letters, if the present letter is the same as N steps before, the participant
should press a button. As N increase, the amount of mental effort and concentration
also increase and might be detected in a mental workload metric.

X

- 0-back-

‘o q-back RN 2-back: e ;

Fig. 5. The N-back experiment, exemplified with for N = 0, 1 and 2.

This task was implemented with Processing and synchronized via LDR, positioned
on the low right corner of the stimuli presentation screen.

A result from a 0-back sequence of 48 letters can be seen in Fig. 6. On the left,
EEG signals from Cz channel were plotted in thin lines and their average in a bold line.
Rescaling the bold line (Fig. 6, right), it can be seen that the system is able to detect a
peak 100 ms after the stimulus presentation and a valley after 300 ms, which can be
matter for a Visually Evoked Potentials study.

Ens

Fig. 6. (Left): 48 gray curves and the average of them in bold blue; (Right): Same average curve
on the left, rescaled.

5 Data Acquisition

By default, the OpenBCI Cyton board has eight available EEG channels. Seven of
these were used to EEG acquisition and one was assigned for the output signal of the
LDR, for applications that need synchronization with the stimulus presentation. The
seven corresponding dry sensors were placed in a 10-20 positioning system, namely
Fpl, Fp2, F3, F4, Cz, Pz and Oz. The sampling frequency used was 250 Hz and
samples were sent via wireless to the PC.
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In order to have a good confidence level for recognition and tracking of the pupil,
IR eye-cameras on each user need to be adjusted and focused on the pupil before
acquiring eye-tracking data as shown in Fig. 7. The world camera also needs to be
tilted, or change lenses (between 60° and 100° of field of view) in such way that the
field of view (FOV) includes the desired scenery. After the calibration process, one or
more areas of interest (AOI) can be defined using 5-bit markers and fine tuned to match
the object(s) of study.

CN Pupil Capture - eye 0

CcPU 116.!,4*

Reset 3D model

Open debug window

Fig. 7. Fine tuning the pupil detection on the Pupil Capture software

6 Signal Processing

Processing and analyzing of EEG data can be performed in several implement tool-
boxes such as EEGLAB (for MATLAB) and MNE (for Python). Nevertheless, we
choose to implement the software in Python language, in order to minimize depen-
dencies and facilitate expandability. The implemented software deals with signal
processing and analysis using typical Python libraries.

6.1 Pre-processing

The first steps in pre-processing the acquired signals were focused on reducing noise as
much as possible, without discarding important information. The 50 Hz peak, always
present due to power supply, was suppressed using a Notch filter centered on 50 Hz
and 100 Hz followed by a 2" order high-pass Butterworth filter with cutoff frequency
of 1 Hz to minimize low frequencies noise. An overview of the signal pre-processing
stage can be seen in Fig. 8.
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Fig. 8. Overview of the signal pre-processing stage
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Fig. 9. Decomposing an eye-blink using DWT.

It is important not only to identify eye-blinks (noise) but also to remove them as
their (much higher) amplitude affects further signal processing steps and analysis. One
way to accomplish this would be by zeroing the time segment where the eye-blink
appears. That would be straightforward to implement but relevant information (espe-
cially high frequencies) would be lost in the process. So, a separation between low and
high frequencies is necessary. One method developed to minimize the loss of infor-
mation when removing eye-blink artifacts was using a Discrete Wavelet Transform
(DWT), that decomposes a given signal into approximation and details coefficients.
A db4-Daubechies wavelet filter was used as an input to a 3 - level DWT. As can be
seen in Fig. 8, the component zero can be interpreted as the low frequency of the eye-
blink. Zeroing that component and reconstructing the signal will maintain the high
frequency content (Fig. 10).
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Fig. 10. Comparison between original and filtered eye-blink.
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Fig. 12. Cross-correlation of an eye-blink template with ICA component to identify and null
eye-blinks

Although the DWT is successful in removing eye-blink artifacts, mainly because of
their signature on the frontoparietal channels, it is hard to detect the contamination of
other channels like Cz, Pz and Oz. Therefore, another method was developed to process
all the 7 channels. The Independent Component Analysis (ICA) was used to analyze all
the EEG channels (top graph of Fig. 11) and decompose them into four components.
As can be seen in the middle graph of Fig. 11 one of the four components (in this case,
component one, but it might change at every execution) has emphasized the six eye-
blinks, while the other three do not exhibit such peaks. Zeroing this component would
eliminate the eye-blink artifacts, but nulling also other information contained in the
base waveform (Fig. 12). As referred above, DWT was applied on the eye-blink
artifacts of the ICA-eye-blink component and, after cleaning them, the seven EEG
signals were reconstructed from the four ICA components using the ICA inverse
transform. The result can be seen in the bottom graph of the Fig. 11.

6.2 Metrics

Metrics are the last step of the signal processing stage and are an important and
objective measure for determining the cognitive state of the operator. After de-noising
and having as clean as possible data, for each EEG channel and each band (9, 6, o, B
and y) the Power Spectral Density (PSD) was computed using a Hanning window with
50% overlap as the base for calculating relative power for each band. Having the
relative powers, some metrics related to EEG mental workload [13-15] and engage-
ment [16] were implemented from literature, e.g. o + /6, /(o + 0) and 6/a.. A change
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in pupil size, from a calibration or baseline recording, can also be used to assess
cognitive workload and furthermore compare it with the obtained metrics from EEG.

7 Conclusions

The work here presented proposes a new tool for cognitive workload assessment
through EEG and eye-tracking metrics. It is composed of two open-source and low-cost
subsystems: an electroencephalography acquisition board and an eye-tracker both
synchronized with a free and open-source software interface. The subsystems can be
used independently of each other, but their combination, performing simultaneous data
acquisition, allows a greater confidence level in the analysis of an operator cognitive
workload. Cross-validation or correlation of results can be obtained and different
analysis can be performed at the same time. The fact that all hardware components are
open-source allows a customization that other systems either do not allow, or require
extra cost in order to give access to the raw data or connect other sensors (ECG, EKG,
EMG) within the same EEG board. It can also be used with different stimuli for
different type of analysis, like, for example, short time analysis with Visual Evoked
Potentials and longer time analysis for spontaneous potentials. Its versatility, avail-
ability and low cost can lead to more people performing brain and eye movement
analysis and the field of application, so far, are in engineering, biophysics, psychology
and medicine.
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Abstract. The aging of the population is a relatively prominent social problem
in China, and the proportion of elderly people living in bed in China is also
increasing. This article takes the home rehabilitation equipment on the elderly
bed as the research object. On the one hand, the needs of home users for home
rehabilitation equipment are analyzed by using the user-tool-task model. Dis-
cussed the user psychology, the experience in the process of using rehabilitation
equipment, combined with the specific scenes when using, found the “human”
factor of the rehabilitation equipment for the elderly in bed. On the other hand,
the hardware and software interfaces of the elderly rehabilitation equipment for
the elderly are analyzed. Combined with the existing bed rehabilitation equip-
ment in the hospital, the “machine” factor of the elderly equipment on the bed
was discussed, and the software and hardware interfaces of the existing bed
rehabilitation equipment were improved. On this basis, the rehabilitation com-
bined with physical rehabilitation and psychological rehabilitation was further
proposed. system design. In order to achieve the purpose of rehabilitation of the
mental physiology of the elderly in bed.

Keywords: Rehabilitation equipment - Human-computer interaction *
Product design

1 Introduction

At present, the aging of the population has become an extremely serious social problem
in China. According to statistics of the National Bureau of Statistics and the China
Aging Committee, the proportion of elderly people who lost their ability to self-activity
and self-care is 25.0% due to various related diseases such as advanced dementia, post-
stroke, Parkinson’s disease, fracture or disability, diabetic foot, etc., and the age of long-
term bedridden patients is about 64 to 89 years old, with an average of 74.6 years. In
addition, prolonged bed rest can lead to accidental pneumonia, hemorrhoids, deep vein
thrombosis of the lower extremities, osteoporosis, heart failure and even myocardial
infarction. According to this background, this paper will analyze the physiological and
psychological dimensions of the elderly, and use human-computer interaction and
ergonomics methods to explore the home rehabilitation system for the elderly in bed,
and further enhance the rehabilitation experience of the elderly in bed [1, 2].
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2 Research and Development of Human-Computer
Interaction

2.1 Research on Human-Computer Interaction

From relative market research, it has been found that the interaction mode of human-
computer interaction has changed a lot. From the keyboard and screen very early, to the
deep integration with smart devices, and with the maturity of artificial intelligence
technology, it has been more and more integrated. In-depth virtual robots such as
speech recognition and natural language processing begin to integrate with smart
devices. In the future, they will become personalized assistants for medical treatment in
many scenarios, and can provide different services for different patients according to
their individual needs. Can truly communicate with people, making machine-to-human
communication more natural, friendly and human-like, such as Amazon’s Echo smart
speaker, GoogleHome’s smart home and voice assistants in various mobile phones,
domestic like Lenovo Huawei Such large companies have established specialized UCD
departments [3]. In addition, in terms of theoretical research, Long et al. of Tongji
University has proposed the general principle of interaction design of elderly products
based on human-computer interaction [4]. Nanjing University of Technology Kai, has
analyzed and summarized the natural interaction, and has constructed a conceptual
model for natural interaction [5]. Jiang Nan University, Shuyang et al. has demon-
strated the concept of “human-machine harmony” by analyzing the human-centered
design concept in the field of interaction design with actual cases [2].

From these studies, although human-computer interaction has developed rapidly,
there are few practical applications and researches on the subfield of rehabilitation
equipment for the elderly. There is also no in-depth exploration of the rehabilitation
needs of the elderly, and the correlation between home medical care is not high. So in
the next study, we will explore from the perspective of ergonomics.

2.2 Ergonomic Framework in Product Design

The successful integration of ergonomics and industrial design in the user-tool-task
model will result in an aesthetically pleasing and superior product [6]. Most research
organizations and design philosophy followed the user-tool-task system design model
proposed by Kreifeldt [6]. Various influences and interactions in the user-tool-task
system was shown in Fig. 1, with particular emphasis on three aspects: people, tools
(products), tasks; two interfaces: user-tool interface (operation), tools-task interface
(participation), and many interactions in the system. The user-tool-task model is
designed to solve the problem of using tools to complete tasks, focusing on the user
interface between the user and the tool, and then focusing on the engagement interface
between the tool and the task. Under normal circumstances, the user needs to
manipulate the interface to control the tool, and the tool uses the joint interface to
complete the task [7, 8].
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Fig. 1. User-tool-task model

The most important factor in the rehabilitation equipment for the elderly is the
physiological needs and psychological needs of the elderly. According to the model in
Fig. 1, the framework of this study is set. As shown in Fig. 2.

ELDERLY REHABILITATION EQUIPMENT DESIGN FRAMEWORK
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Fig. 2. Elderly rehabilitation equipment user tool task model framework

3 Users: The Main Factors Affecting the Use
of Rehabilitation Equipment for the Elderly
3.1 Psychological Factors

According to relative literatures, the elderly with poor daily activities, and will be less
supported by families. Meanwhile, the disabled physical activities also affect their
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social activities in daily life. Thus, the limited ability of daily living activities will also
affect the social interaction of the elderly and long-term isolation id likely to cause
psychological discomfort, triggering corresponding negative emotions. They will also
be more resistant to contact with new rehabilitation equipment [3].

3.2 Physiological Factors

The elderly are aging, their brain slows down, and the function of the sensory organs
and the moving organs declines. Therefore, their ability to learn new things declines,
their ability to coordinate movements decreases, and their ability of visual and hearing
declines.

3.3 Social Factors

In today’s elderly group, the vast majority are empty-nest elderly, and most of them in
China are distributed in rural areas, so they must use rehabilitation equipment inde-
pendently after they purchase them [3].

4 Tools: Home Rehabilitation Equipment Status
and Ergonomics Related Analysis

4.1 Psychological Factors

Rehabilitation nursing for the elderly who have been in bed for a long time mainly
includes life care, condition observation and nursing records. The life care mainly
includes 8 training parts, bed gymnastics, chest and abdomen breathing exercises,
bridge sports, shrugging fists, sitting training, acupoints. Press training, and secondly,
these need to be carried out under the guidance of a doctor. The bed rehabilitation
equipment used in hospitals can play a role in the physical rehabilitation of the elderly,
but the disadvantages are that they are not flexible enough to be used at home and
occupy a large area. In addition, it is very troublesome for the elderly to move to the
rehabilitation bed and needs to be completed with the help of professional medical
professionals. Therefore, bed rehabilitation equipment for hospitals is not suitable for
elderly people who are staying in bed for a long time [9].

Existing home rehabilitation products in the market can only be used on the ground
(such as Fig. 3), so the elderly need to get out of bed to use. However, the physical
function of many elderly people who have been bedridden for a long time cannot
support him to get out of bed for rehabilitation training. And also, the current reha-
bilitation products only pay attention to the physical rehabilitation of the elderly. It has
played a certain role in the rehabilitation of the physical functions of the elderly, but in
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the psychological problems of the elderly, the effectiveness of the existing rehabilita-
tion equipment products is far from enough. The product and user interaction design
are not well integrated into the rehabilitation product.

|

i'
——=

Fig. 3. Size of rehabilitation equipment

4.2 Ergonomics Related Size Analysis

Ergonomics, as an important part of human-computer interaction, is a factor that
designers must consider when designing human-machine interface products. It is based
on human psychological and physiological characteristics, applying systems engi-
neering perspectives, analyzing the interaction between people and the environment,
machines and machines and the environment, in order to provide convenient, labor-
saving, safe, comfortable products which makes human-machine-environment to the
best condition. It provides theory and method to study the size of the human body,
which helps the designer to conform to the human-machine size when designing [10].

4.3 Length of Rehabilitation Equipment on the Bed

The length of the rehabilitation equipment is based on the length of the bed and the
length of the human body. The length of the bed is generally 19002000 mm. In this
paper, the length of the bed is set 1900 mm. considering the universal design for more
elderly, the P95 body size of man 1814 mm is chosen. Moreover, since the person
should properly lift the leg by 15° when using the rehabilitation equipment, the length
of the person at this time is 1800 mm, and therefore, the length of the contact between
the rehabilitation equipment and the bed is 80 mm (as shown in Fig. 3).
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4.4 Rehabilitation Equipment Handle Stretch Length

The stretched length of the rehabilitation equipment is mainly determined by the length
of displacement of the human hand after lying down and sitting up. The length of the
hand function of the person lying down to sit up, based on the ergonomic table, can be
obtained as a displacement of 310-376 mm, therefore, the distance of the pull of the
pull ring should also be within the range of 310-376 mm (as shown in Fig. 4).

Sitting position forearm 416 47 478 383 413 442

Sitting position forearm o o o " -
hand hunction elongation 310 343 376 2 306 333

—IT "

[

370

376

Fig. 4. Size of rehabilitation equipment

4.5 Foot and Pull Ring Size on Rehabilitation Equipment

The size of the pedal on the rehabilitation equipment is mainly determined by the
length, foot width and foot distance of the human body. Since the length of the foot and
the width of the foot are 95 mm, which are 265 mm and 105 mm respectively, the
length and width of the design pedal are 270 mm and 110 mm respectively. The
distance between the two pedals is 80. Since the human hand has a hand width of
195 mm and 90 mm, respectively, the design pull ring has a length of 130 mm and a
width of 70 mm and a thickness of 20 mm (as shown in Fig. 5).

Fig. 5. Rehabilitation equipment size
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4.6 Foot and Pull Ring Size on Rehabilitation Equipment

The rotation angle of the rehabilitation equipment is determined by the turning angle of
the human body, and the body turns over +60° and —60°. Therefore, the pedal rotation
angle of the rehabilitation equipment is also at an angle of +60° (as shown in Fig. 6).
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Fig. 6. Size of rehabilitation equipment

The design of the elderly home rehabilitation equipment must be based on human-
computer interaction, and ergonomics is an important part of human-computer inter-
action. Therefore, the size of the rehabilitation equipment needs to meet the size
requirements of the elderly in the process of research, and the rehabilitation equipment
must More humane and intelligent use by the elderly.

5 Task: Self-recovery Feedback Design for the Elderly in Bed

The barriers to the use of electronic products by the elderly are mainly reflected in the
way products interact with people. Therefore, we must start with interactive methods
and use new media interactions in product design to overcome these obstacles, which
will largely solve this problem. Designers must also consider the interactive design
strategies of older people into the new media art.

The results of interaction design require a user experience to be demonstrated.
Interaction design makes a product more practical, easier to use, and better to use to
create a more comfortable user experience. This requires interactive design not only to
meet the necessary needs of users, but also to meet the potential needs of users. The
visualization of these needs are necessary to satisfy users’ requirement unconsciously
and then generate a sense of dependence by user. In this design, our necessary need is
to help the elderly exercise through the app control rehabilitation equipment, the
potential demand is the psychological needs of the elderly social entertainment.
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6 Design Practice

6.1 Design Positioning

During the procedure of the research objective, it was found that the elderly rehabil-
itation equipment of the elderly can only be experienced after getting out of bed, and
for the empty nest elderly, the elderly also has certain problems in their psychology.
The design is intended to solve these problems by improving the use of rehabilitation
equipment and integrating product and user interaction into rehabilitation products to
improve the use of rehabilitation equipment and increase the recovery rate of the
elderly.

6.2 Design Plan

Through the research on the rehabilitation equipment of the elderly in bed, the design
direction and design orientation of the rehabilitation equipment are analyzed, and the
relevant theories of human-computer interaction are followed to further conceive and
propose a relatively complete design scheme (as shown in Fig. 7). Functionally, the
rehabilitation equipment includes three functions:

Fig. 7. Design scheme

(1) Foot part - guides the activity of the foot;
(2) The part of the bracelet - guides the body’s getting up movement;
(3) Fixed part - enables rehabilitation equipment to be fixed on the bed;

In details, these functions are shown as follows,

(1) Back lift function: Through the pull ring adjustment, the 0-90° back angle lifting
function of the back is realized, which is convenient for the patient to eat and
perform the rehabilitation exercise of the upper limb exercise function.

(2) Stretching arm flexing arm function: multi-directional traction treatment of the
affected limb, assisting the upper limb to perform the upper and lower flat
extension, the rehabilitation action, and promoting the recovery of muscle function
such as triceps and biceps.
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(3) Lifting leg bending leg function: This exercise can be used for single-limb training,
with the hip as the center, assisting the lower limbs to lift up and practice, to
achieve the effect of exercising waist and abdomen muscles, gluteus medius and
rectus abdominis. Focusing on the knee joint, assisting the lower extremity to
perform the flexion leg exercise to achieve exercise for the knee joint and the leg
muscle tissue. In terms of styling, the shape design is a lovely and anthropomor-
phic shape, giving a kind and lovely feeling, bringing a sense of spiritual comfort
to the elderly who have been in bed for a long time.

6.3 APP Design

6.3.1 LOGO Design

Intended to accompany the elderly - accompanying the elderly in bed to move their
bodies, through the accompanying app. Help the elderly social entertainment, bring
physical and psychological recovery to the elderly in bed, LOGO: direct Chinese
characters, “companion with” plus icon, emphasizing emphasis, visual communication
directly (as shown in Fig. 8).

Fig. 8. APP LOGO design

This design uses a lot of card-type bearer information, simple and intuitive symbol
button, the title font size is 60px or more, and the font size is 40px or more, which
strives for simple and bright visual effects. For the platform used by the elderly, the
design has no three-level interface, basically the behavior of the background operation
is concentrated in the home page for direct processing. For example, we will use all the
drawers of the interactive view language to display the interface. Not a pop-up window.
Through such a design, the elderly can be greatly accelerated to obtain information.

6.3.2 Interface Design

Through analysis, the elderly need a long time to learn electronics, so designers should
adopt a more intuitive, convenient and simple interactive design. Simplify the operation
process in the process of using the elderly products, make the operation process more
interactive, optimize the operation and reorganize, and remove redundant operation
steps and procedures. Physically restrictive logic procedures are employed to minimize
the operational steps and processes of logical reasoning. This method is utilized to
reduce the part of the user who needs to think about using the product, taking
instinctive actions or habitual behavior (as shown in Fig. 9).
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Fig. 9. APP interface design

In the product design, the main information and the part that needs to be memorized
are entrusted to the product, instead of relying on the user to memorize, the product
only needs to provide the required information to the user at the right time. The product
design of the elderly is first of all to meet the functional needs of the elderly in use, and
then to design elements of safety, convenience, health care, health, culture, etc., so that
the elderly can accept new things in a relaxed and happy mood. To make progress and
improvement, while gaining fresh information and maintaining close contact with
society. Such positive social information exchange and communication has weakened
the sense of loss of the elderly in the intelligent age.

Children’s side (mobile phone): The child uses the mobile app to check the physical
condition, social situation and physical status of the blood pressure, pulse, and heart.
The home page is simple and functional, and the children can clearly understand the
day of the elderly through it (as shown in Fig. 10).

7 Conclusions

This paper took the household rehabilitation equipment in bed for the elderly as
research object. On one hand, the main users’ needs of household rehabilitation
equipment were analyzed by using the user-tool-task model. The users’ psychology,
the experience in the process of using rehabilitation equipment, combined with the
specific scene when using, were discussed to discover the “human” factors of reha-
bilitation equipment for the elderly in bed. On the other hand, the hardware and
software interface of the elderly rehabilitation equipment for the elderly in bed were
analyzed. Combined with the existing bed rehabilitation equipment in the hospital, we
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Fig. 10. APP interface design

discussed the “machine” factors of the equipment for the elderly in bed, and improves
the software and hardware interface of the existing bed rehabilitation equipment.

For the elderly in bed, they are difficult to rehabilitate at home, and prone to
frustration and emptiness. In the process design, the home rehabilitation system for the
elderly in bed was proposed. In addition, the conceptual design of rehabilitation system
combining physical rehabilitation and psychological rehabilitation is proposed in order
to achieve the purpose of rehabilitation of the psychology and physiology for the
elderly in bed.

Acknowledgments. This work is financially supported by 2017 Chinese Ministry of Education
Humanities and Social Sciences Research Youth Fund Project (No. 17YJCZH231), the Teaching
Research Project of Hubel Province (No. 2016075) and Huazhong University of Science and
Technology (No. 2018056).

References

1. Shangyong, Y.: The “seven sins” of the elderly who have been in bed for a long time.
J. Health Care. 6, 25-27 (2011)

2. Shuyang, M.: Research of interactive design strategies for the old people (2007)

3. Luyang, W.: Application of human-computer interaction design in product design. Packag.
Eng. 14, 85-88 (2014)

4. Long, L., Yu, L., Tao, S.: Design of products for older based on human machine interaction.
Ind. Eng. J. 13, 89-94 (2010)

5. Kai, F.: Design of elderly medical products for the elderly. Nanjing University of Science
and Technology (2016)

6. Lin, R., Kreifeldt, J.G.: Ergonomics in wearable computer design. Int. J. Ind. Ergon. 27,
259-269 (2001)

7. Lin, C.L., Chen, S.J., Hsiao, W.H., et al.: Cultural ergonomics in interactional and
experiential design: conceptual framework and case study of the Taiwanese twin
cup. J. Appl. Ergon. 52, 242-252 (2016)



286 Z. Zhu et al.

8. Demirbilek, O.: Involving the elderly in the design process: a participatory design model for
usability, safety and attractiveness (1999)
9. Jinmei, Y., Huizhen, P., Guiping, L.: Effect of rehabilitation nursing on self-care ability of
elderly patients with chronic illness. Chin. J. Rehabil. Med. 19, 548 (2004)
10. Zhenzhen, H.: The Research by domestic limbs rehabilitation training product design of the
older. DongHua University (2014)



q

Check for
updates

Visual Storytelling - Creative Strategy
of Visual Clues Promoted
by Archetypal Images

Jose Silva(%), Daniel Raposo, Jodo Neves,
and Fernando Moreira da Silva

CIAUD - Faculdade de Arquitetura da Universidade de Lisboa Rua S& Nogueira,
Polo Universitario, Alto da Ajuda, 1349-063 Lisbon, Portugal
Gago.silva@gmail. com, fms. fautl@gmail. com,

{draposo, joaoneves}@ipcb.pt

Abstract. The following article describes a creative strategy in the learning
environment regarding Digital Design, specifically the development of visual
exploration on emotional archetypes to a group of students of Master of Graphic
Design of the School of Applied Arts of the Polytechnic Institute of Castelo
Branco, Portugal in the academic year 2018/19. The research topic was intro-
duced in the development of a communication project for the Agro-Food pro-
duct, bee pollen. The article presents the introduction to the problem,
hypothesis, objectives, strategy, results, and conclusion. The development of the
visual exploration strategy included the theoretical framework of Wertime [8],
and Woodside, Sood and Miller [9], Although the results point out the richness
of the proposed strategy in communicating the importance of the emotional
concept among students and the notion of structure in the communication, The
authors assessed from the resulting experience, the complexity of communi-
cating the possibilities of the use of archetypal images in the development of
communication solutions.

Keywords: Archetypal images * Learning strategy * Visual maps -
Exploratory studies

1 Introduction

The intuition, defined by Paul Rand as a flash of insight conditioned by experience,
culture, and imagination [11], is of great value to the Designer. In the aspect of
communication oriented to a particular culture, the emotional archetypes play an
essential role in the empowerment of the imagination.

According to Matthews [6], valuing the imagination and the image can lead to a
methodology for understanding and participating in world-making. Carl Jung emo-
tional archetypes suggest that the power of the image could offer a method for inter-
preting and responding to the complexity of a particular system, the authors refer to the
economic system as an example. Although it is manifest in a specific form or image,
the archetypal worlds hide the source of the “treasure” but a process of creative
imagination may reveal it.
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According to Jacobi [3] because the representation of the archetype goes beyond
our rational understanding, an archetypal content is first expressed in metaphors.
Abstract relations, situations, or ideas of the archetypal nature are visualized by the
psyche as forms, figures, images, specific objects, or at least translated into events
susceptible of being represented in images or pictorial sequences.

Carl Jung’s emotional archetypes, through archetypal imagery, enable a vast uni-
verse of applications in the development of communication solutions. However, his
understanding is enormous and may give rise to some confusion in what is understood
explicitly by archetypes and what is the perspective of Carl Jung.

This proposed creative strategy follows, implicitly, the interpretation of Jacobi [3]
who present that archetypes as pre-dispositions of action, or succinctly in patterns of
behavior. Several disciplines work the concept related to archetypal images the area of
consumer behavior highlights the applications associated with the image issue. In this
perspective interpretations associated with the mapping of archetypes and their cor-
respondence with the brands are found, [2, 3, 5, 9]. The proposed creative strategy
follow the table of correspondences of archetypes of Wertime [8], according to the
author, the archetypes are neither learned nor acquired, but they are with the human
being from birth, maintain their basic form over time and are of universal scope,
crossing racial, gender, age and language boundaries.

In this sense, a wide range of applications that allow meeting the perspectives of
action of a product can integrate the concept of archetypal images. This idea is in line
with what is meant by the emotional positioning of consumer products.

The visual exploration developed in the proposed strategy focused a bee pollen
produced by the microenterprise “Olhar Campestre,” based in the city of Castelo
Branco, Portugal.

The visual exploration, aimed at the communication of products, sought to explore
different perspectives of product consumption and behaviors associated with bee pollen.

The early stages of the design process included exploratory research, defined by the
planning phase, definition of scope and meaning, leading later to generative concept
design. The focus of activities is to gain a solid ground of knowledge of the territory of
existing design and artifacts and to forge an empathic sense of the people targeted by
the design work. Exploratory research should be an immersive experience for the
designer, inspiring the creative momentum and empathy through intense exposure to
relevant people and products, using a wide variety of diverse and complementary
methods.

The proposed creative strategy explores the hypothesis of using archetypal images
as a contribution to improving the visibility and appropriateness of ideas arising from
the idea generation phase.

2 Problem

There is a wide number of literature on the applications of the principles of the
emotional archetypes in the field of product communication, among them, manuals that
allow subdividing the main archetypes into several representations and others that alter
the denominations of these same archetypes. There are a priori and a posteriori
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applications of the archetypes. A priori image applications allow the use of catego-
rization systems to aid in the creation of a “personality” of the product. The systems
that act afterward focuses on the identification of archetypes in brands and products.
Such identification results of consumers’ individual and social-emotional expectations
when “experiencing” products. Another problem associated with the concept of
archetype and related to education in design concerns the need to overcome the the-
oretical complexity of the concept and develop a practical application where the
concept works as a tool.

3 Hypothesis

The hypothesis tested integrates two “tools”, one referring to a categorization adapted
from the interpretive panel of table of archetypal correspondences according to Wer-
time [8] and a prism of association with the integration of elements of a narrative
according to Woodside, Sood, and Miller [9]. The hypothesis aims to understand if the
use of the concept of archetypes as a creative tool allows improving the visibility and
adequacy of ideas arising in a work of generating ideas.

4 Objectives

The objectives were the following:

— The use for the development of an exploratory work of archetypal images based on
the table of archetypal correspondences according to Wertime [8] from Carl Jung’s
emotional archetypes interpretive table and a prism of association of archetypal
elements called the “Brand enabling archetype enactment by consumer” from the
authors Woodside, Sood and Miller [9].

— The use of the concept of archetypal images as a tool for generating ideas.

5 Strategy

The visual exploration strategy was tested in a learning module, focused on the
introduction of a digital design project on the communication of an agro food product,
included the following five mixed learning sessions (classroom and online) each with
the duration of 3 h.

— Experimental session physical exploration

— Theoretical session

— Development

— Development, discussion and presentation (first refinement)

— Development, discussion and presentation (second refinement)

In the Experimental Session with the bee pollen product, the students were able to
taste the product and mix these products with other available food products (provided by
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the teacher) to test their compatibility. Then followed a Theoretical Session on Carl Jung’s
emotional archetypes and archetypal images forms in contemporary culture. In the visual
exploratory sessions (Development Sessions), which took place during three sessions
were organized so that in the first session students could collect images of the archetype
that had been distributed to them and create their first associations and narratives. In the
second and third sessions, students continued the visual exploration, but also discussed
their findings and present them to the group of students in a two-round refinement.

In the Development Sessions an Archetypal Images Schematic Working Map
containing a table of archetypal correspondences according to Wertime [8] and
Archetypal Image Association Prism adapted from Woodside, Sood and Miller [9], was
made available to the students. The table adapted from Wertime [8] provides gist’s of
stories for twelve archetypes together with examples of brands that explicitly or
implicitly communicate these archetypes.

The Archetypal Image Association Prism adapted from the “Brand enabling
archetype enactment by consumer” from Woodside, Sood and Miller [9], see Fig. 1,
emphasizes the importance of archetypes in deepening the meaning-making of classic
narratives applied to marketing and consumer psychology. Arrow 1 represents the
proposition that the predominantly unconscious desire to realize archetype leads con-
sumers to act. Arrow 2 proposes that dramaturgical representations reflect one or more
archetypes. Arrow 3 reflects the proposition that the archetype produced by the com-
munication professional in a brand dramaturgy must correspond to the archetypal
urges, mainly or totally unconscious, of the intended client. Arrows 4, 5, and 6 illus-
trate that the staging of a story by consumers, their retrospective storytelling reflect one
or more archetypes; the same proposal applies to the brand narrative developed by the
author of the brand communication.

Archetype

~

Brand € > Consumer

N
Story enactment

Fig. 1. Summarized information from the “Brand enabling archetype enactment by consumer”,
retrieved from the authors Woodside, Sood, Miller [9] - Fig. 3.
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However, Woodside, Sood and Miller [9], citing an earlier paper [10], caution that
researchers should not be arrogant and vain in believing that their interpretations of
consumer story reports are necessarily accurate, complete, or the only ones applicable
to the interpretation of the relevance of specific archetypes.

In the prism presented to the students an adaptation was developed to the initial
diagram of Woodside, Sood, Miller [9], the arrows were dubbed phases, in order to
experience a phasing of the information and to try another operability in the conceptual
tool. The proposed strategy sought to understand how the representation of the
archetypal image would provide clues to the logic of the product. This logic would be
based on a dramaturgy representative of a real emotional experience, Fig. 2.

Story enactment, gist (the mostimportant
pieces of information about something), that
follows the archetypes plot and consumer
brand unconscious/ consdous interactions.

",
N

.\\
Stage5 s \ Stage 4
Stage6 N
N
Line of consciousness | unconsdousness
‘ >
! /
Consurmer, Interpretation, . Stage3 ’ An assemblage that incorporates
with unconscious/ conscious N\ / the designer culturaly related
desire to enact archetype \ symbol, visual message, and mono-
scenic (A monoscenicnarative is a
N\ e of narrative that represents a
N\ rd Stage 2 e I a I
Stage 1 single scene story portrayal)
\ /
N /
Archetype:

Fig. 2. The Archetypal Image Association Prism resulted from the adapted structure from the
authors Woodside, Sood, Miller [9], distributed to students contained image references, which
due to copyright issues cannot be reproduced in this document.

Although Woodside, Sood and Miller had already referred to the Wertime table in
their 2008 paper [9], the proposed strategy in this paper tested how these two “tools”
could work together in the context of a digital design.

The Archetypal Images Schematic Working Map included three steps, a framework
with the categorization of archetypes followed by an archetypal association prism and a
diagram of associations resulting from the archetype association prism.



292 J. Silva et al.

In order to complete the information needed to create the Archetypal Image
Association Prism students worked with images collected on the Getty Images Bank.
This image bank, although commercial, has a rich indexation attributed to the images,
allows correlating concepts and, thus, to evaluate the cultural and commercial classi-
fications of images.

The third phase presented in the schematic represents the extrapolation of infor-
mation to a sketch, an approximate idea of the actual product using the elements
resulting from the archetype association prism, Fig. 3.

Fig. 3. Archetypal Images Schematic Working Map distributed to the students.

The group of twenty students was divided into 10 groups and each group developed an
archetype from the table of archetypal correspondences according to Wertime [8]. Each
group had the challenge of working the original bee pollen product, developing a con-
sumer and communication solution. In this way, the use of archetypal images would
produce an emotional differentiation of perspectives of consumption and communication.

The strategy worked a sequence of divergent thinking followed by convergent
thinking. According to Bowers [1], the problem-solving process diverges and converges,
expands and contracts. Divergence is the process of identifying, creating, and developing
various ways to solve a problem. Convergence is the process of selecting and developing
concepts of the multiple objectives developed at the beginning of the project.

In the learning phase, the process diverges and expands as the information is
gathered, then contracts as the information is analyzed at an identification phase. The
process then expands again into the generation of ideas as multiple concepts are
developed and contracted in the evaluation phase, where a single concept is refined and
implemented. In the proposed strategy, in the phases of divergent thinking regarding
the learning and generation of ideas, occurs an expansion shaped by the cultural context
characteristics represented by the archetypal images.
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6 Results

The application of the proposed creative strategy resulted in an understanding of
archetypal images as a constructive element in exploratory diagnostic studies that
support the development of a design project.

By dividing the work process into several phases the students detailed each step and
reflected on the action value of the archetypes. The development of an exploratory
reflection phase allowed students to develop a phased argumentation of the proposed
solutions. When the solution does not work, the problem may be associated within the
developed narrative, with a poorly constructed sequence, constituted of moments of
anti-climax, followed by climax moment where the product should appears as a
credible solution. Students worked narrative logics based on patterns of action, rep-
resented by archetypal images.

- M

‘ ﬂ'r'|ﬂ ‘

Fig. 4. Nigma Panel - Polen in tea, exploratory work on the Archetypal Images Schematic
Working Map. Panel of students Marco Martins and Marco Moreira.
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A simple trend research does not offer a complete sampling, if anything, it can offer
clues, ‘arboretic’ structures, but stripped of a narrative. Beyond the narrative that results
from the Archetypal Image Association Prism, the intensity of the narratives is also
“worked” through exposure to other colleagues and thus there is a co-production of
value in the project.

According to Mootee [7], growth-oriented narratives help extract emotional inputs
and responses from stakeholders and can be used to instill optimism in the organization
or reveal anxieties about the future. A limit-seeking strategy is used, according to Jones
[4] to find limits within which acceptable solutions, the tested creative strategy follows
the principles of incremental search, simulation and limit search rather than acceptable
or unique acceptable values. The students had the opportunity to reorganize the support
tool of the Schematic Work Map of Archetypal Images in their proposals, as can be
seen in the example portrayed in Fig. 4.

7 Conclusion

According to the objectives defined in the present paper, the use of an table of
archetypal correspondences according to Wertime [8] of Carl Jung’s emotional
archetypes and a Archetypal Image Association Prism, adapted from Woodside, Sood
and Miller [10] for the development of an exploratory work on the concept of arche-
types was successful, although there have been some difficulties in constructing a
narrative using only a sequence of images, it is worth noting the difficulty felt by the
students in the construction of moments of anti-climax and climax.

When students used with the Schematic Work Map of Archetypal Images a bank of
commercial images, as a support tool, they understood the importance of cultural
indexing of images and how that indexation relates with the emotional archetypes.

The Archetypal Images Schematic Working Map was effective as support tool. It
allowed students to test different associations, the coherence of the elements, and the
reverberation of the archetype in the narrative and the proposed product experience.

By using the concept of archetypal images as a tool for generating ideas, students were
able to understand the possibilities of using the concept as a tool, but it was necessary to
include a small clarification session to reinforce the perspective of the emotional arche-
types as patterns of action, in Institutions. The term “Institutions” applied refers to the
sociological meaning commonly applied to customs, or behavior patterns.

With regard to the hypothesis presented concerning the concept of archetypal
images as a creative tool and related to their ability to improve the visibility and
adequacy of ideas arising from a work of generating ideas, the concept of archetypal
images has great possibilities in terms of application in exploratory studies. It becomes
clearer for students the possibilities of these “Institutions™ in structuring narratives and
contextualizing the visual exploration.

The use of the proposed creative strategy is validated as a support tool in rein-
forcing the diagnostic practice of visual exploratory studies as support for design
projects.

The development of this exploratory study allowed the students to develop a phased
argumentation supported by the narrative logic, from the exploratory work. The



Visual Storytelling - Creative Strategy of Visual Clues Promoted 295

intensity and coherence of these narratives were “worked” through the presentation and
dialog to other colleagues thus creating a co-production of value in the project.
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Abstract. Improving car seating comfort is very important in the process of car
development and design. This paper reviewed the research progress of car
seating comfort at home and abroad. Firstly, the related concepts related to the
comfort of car seats were introduced, and then the factors affecting the comfort
were analyzed in depth. Finally, the subjective evaluation, objective behavior
evaluation and physiological parameter evaluation methods for seating comfort
were introduced with their advantages and possible problems being analyzed
respectively. This paper will provide a large number of theoretical basis and
important reference significance for the subsequent development of car seating
comfort.

Keywords: Seating comfort - Subjective evaluation -
Objective behavior evaluation - Physiological parameter evaluation

1 Introduction

Sitting posture is one of the most commonly used postures in people’s work and life.
However, being in a static sitting position for a long time can cause low back pain,
cervical pain, sciatica, etc., and people with these painful conditions also feel
uncomfortable [1, 2], which will affect people’s work and living efficiency seriously. In
addition, the comfort of people in a dynamic sitting position also requires special
attention, especially the impact of collision and other special circumstances on the
human body from car driving and airplane driving. People’s daily lives are inseparable
from cars, that is, cars have established connections with everyone as a means of off-
road vehicles or transportation in today’s society. China is in a rapid development, and
more people will buy cars with the improvement of living standards. People’
requirement for car is higher and higher, from to the prevention of collision damage in
the past to the comfort requirements at present. Car seat is closely related with the
driver. The number of vehicles in China has exceeded 100 million according to relevant
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literature, meanwhile the number of drivers suffering from back pain is more than 100
million [3]. Therefore, improving car comfort, especially seating comfort, has become
particularly important in the development and design of cars. In recent years, car
seating comfort has been studied as a unique subject.

At present, there have been many studies on the comfort of factory and office seats,
but relatively few studies on the comfort of car seats. The research methods of car
seating comfort mainly include experiment, computer simulation and prediction. The
experiment mainly includes subjective investigation and analysis of vehicle comfort,
sitting posture analysis, measurement of body pressure distribution, performance
observation and electromyography based on physiology, etc. In addition, considering
the convenience and low-cost of simulation calculation more and more researchers
began to evaluate car driving comfort by simulation, such as the maximization analysis
of driver’s visual field, analysis of control distance of steering wheel and rudder and so
on. Liqun et al. [4] established a multi-body dynamic model of the seat by using
MATLAB to analyze the factors that had the greatest impact on the vibration trans-
mission characteristics of the car seat, and made corresponding improvements. Kolich
[5] in University of Windsor in Canada predicted the comfort of the car seating by
using the neural network method, while Grujicic [6] in University of Clemson in the
United States used finite element method to study the pressure of the driver and the car
seat, and used it to evaluate the comfort of the car seat. The following is a detailed
introduction of the research methods and theories of car seating comfort.

2 Theories

The comfort of car seating mainly includes static comfort, dynamic comfort (also
known as vibration comfort) and operation comfort. Static comfort refers to the comfort
characteristics provide by the seating to the human body in the static state, which is
mainly related to the seating size parameters, surface, quality, adjusting characteristics
etc. Dynamic comfort refers to the comfort characteristics of the vehicle which
transmits vibration to the human body through the seating skeleton and cushion in the
moving state, it mainly related to the vibration characteristics; Operational comfort
refers to the comfort of the seating in the driver, the comfort characteristics for com-
pleting the driving action in the driving process [7]. In order to systematically
understand the comfort of car seating, the following concepts are explained here.

(a) Static characteristics

The static characteristics of the seating mainly include the form and size of the seating,
the material used in the seating and the coordination between the seating position and
the working space.

(b) Dynamic characteristics

The dynamic characteristics of seating [8] refer to the relative subjective comfort that
human body feels in the vibration environment. The dynamic characteristics of driving
seating are mainly related to the vibration characteristics [9]. Vibration mainly comes
from random vibration and mechanical vibration of the vehicle itself. It mainly brings
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vertical, longitudinal and transverse linear and angular vibration to the driver. Vertical
vibration and angular vibration around longitudinal and transverse direction have the
greatest influence.

(¢c) Transfer rate

Seating vibration transmission rate [10], also known as acceleration transmission rate,
is the ratio of acceleration on the contact surface between seating and human body to
the input acceleration of vehicle chassis excitation. The transmission rate of seating
vibration is determined by the dynamic behavior of human body and seating systems.

(d) Apparent mass

Apparent mass [11] is the ratio between the excitation applied to a system and the
response of the system to it. For example, the apparent mass of the human body in the
vertical direction is the ratio between the force F exerted on the human body in the
vertical direction and the acceleration a produced by the human body. That is M = F/a.

(¢) Human body vibration sensitive frequency

The experimental results showed that the sensitive frequencies of human upper and
lower vibration are within 4-8 Hz, and within 1-2 Hz, resonance occurs in some parts
of the body.

(f) WILL Concept Seating

The design principle of WILL concept seating [13] is to provide safety support for the
whole spine and head synchronously when collision occurs. When rear-end collision
occurs, the back of the WILL Concept Seating will improve the fitness between the
body and the seat.

(g) Parallel Vibration Reduction Principle of Positive and Negative Stiffness

Stiffness is defined as the ratio of load to deformation of spring. When the load
increases with the increase of deformation, it is positive stiffness, and vice versa, it is
negative stiffness. When the positive stiffness spring and the negative stiffness spring
are connected in parallel, the total stiffness of the system in the negative stiffness region
of the negative spring is smaller than that of the positive spring. The reduction is caused
by the negative spring, which is the principle of the parallel elimination of the positive
and negative stiffness [14].

(h) Five-degree-of-freedom model of human body-seating

In this model, the human-seating system is divided into five parts: head, upper trunk,
lower trunk, buttocks, legs and seats in the vertical direction. The corresponding
stiffness and damping coefficients are added to the model.
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3 Influencing Factors of Car Seating Comfort

Among many factors, the car seating is an important part which links the occupant and
driver with the body of the car, and the impact on comfort is the most direct. Vehicle
seat comfort is a system engineering, which involves almost all the components of the
car, including power, transmission, chassis, suspension, car shape, glass, seat, tire,
sound, air conditioning, electronic configuration, noise and so on. These factors will
produce different sensory stimuli to the driver and other passengers in the car, thus
deciding the driving and riding comfort of the whole car from different aspects to
different degrees. The factors affecting the comfort of car seats can be roughly divided
into vehicle factors, social factors, individual factors and seating factors. Vehicle
factors mainly include seating height, pedal and steering wheel orientation, body
expansion space and shape setting of variable speed rocker. Social factors mainly
include car brand and price, and the comfort level of car seats with different brand and
price is different.

Individual factors mainly include demographic factors, anthropometric parameters,
culture and sitting posture. Seating factors mainly include seat stiffness, geometric
parameters, fabric permeability and seat style.

In addition, the noise environment inside and outside the car, air conditioning
performance, operation panel, and luggage compartment also affect the rider’s evalu-
ation of seating comfort to varying degrees.

4 Evaluation Methods

At present, the evaluation methods of car seating comfort are mainly divided into three
kinds: subjective evaluation, behavior detection evaluation and physiological parameter
evaluation. Each comfort evaluation has several corresponding evaluation methods.

4.1 Subjective Evaluation

Subjective evaluation is an old and practical evaluation method, which can directly and
clearly reflect the driving comfort performance of automobiles. Therefore, subjective
evaluation method has been widely used and studied. In China, the study of automobile
comfort is mostly based on subjective evaluation method. There are many methods of
subjective evaluation. This paper briefly introduces several typical evaluation methods:

(a) Multi-level Fuzzy Comprehensive Evaluation

The multi-level fuzzy comprehensive evaluation is to quantify the fuzzy indicators
reflecting the evaluated things by constructing a hierarchical fuzzy subset (determine
the membership degree), and then use the principle of fuzzy transformation to evaluate
the indicators comprehensively. The advantages are: the mathematical model is simple,
the context is clear, and the multi-factor and multi-level complex problem evaluation
effect is incomparable to other mathematical branches and models. The factors to be
evaluated of the seat selected by the method include seat height, seating width and
depth, seating angle, waist height, lumbar inclination and lumbar shape curvature [15].
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(b) Body part discomfort size

This method divides the body into several parts, the subjects point out which they feel
discomfort, and choose the degree of discomfort on the scale. Then the discomfort is
sorted and processed. Finally, the BPD index of discomfort is obtained [16].

(c) Psychological measurement

Some researchers had cooperated in making used of SD method in psychological
measurement to make a subjective evaluation of car ride comfort based on body
vibration, indoor environment, occupant’s psychological and physiological conditions.
The hierarchical model of subjective evaluation of car ride comfort was constructed by
introducing fuzzy measure and fuzzy integral in Fuzzy theory. The results showed that
the hierarchical fuzzy integral model was suitable for subjective evaluation of vehicle
ride comfort and had better calculation accuracy [17].

4.2 Objective Behavior Evaluation

The evaluation of objective behavior is mainly to provide quantitative testing results.
Many evaluation methods have been developed. At the same time, with the develop-
ment of testing technology, the testing of objective behavior has become more and
more scientific. However, human comfort is a very vague concept, it is difficult to
locate accurately, so there are still many areas to be improved in the existing testing
methods.

(a) Measurement method of body pressure distribution

When a person sits on a chair, the gravity of the human body acts on the cushion and
the backrest. The pressure distribution is called the body pressure distribution or the
body stress distribution [18]. When a person sits down, most of the body weight (about
80%) is pressed on the seat surface through buttocks, back bulges and attached mus-
cles. The reasonable distribution of body pressure is an important factor affecting ride
comfort. At present, GM, Ford, Toyot, Honda, BMW, Volvo, Delphi and other
companies are widely using Tekscan’s pressure distribution measurement system to
solve the seating comfort problem. In this system, more than 4000 sensors are arranged
on the seating cushion and backrest to measure the effect of the support of the cover
and the hardness of the sponge on the pressure distribution and comfort of the seating.
At present, the body pressure distribution testing method has become a relatively
simple and easy to operate seating comfort testing method.

(b) Apparent Mass Method

The driver is in a state of full body vibration during driving. The influence of vibration
on driver’s operation is mainly manifested in the decrease of visual operation efficiency
and the deterioration of operation accuracy. In the vibration environment, human body
will accelerate the fatigue process. If resonance occurs in a certain area or organ of
human body, it will cause corresponding physiological changes, which involve mus-
cular system, respiratory system, blood circulation system, vegetative nervous system
and sensory system. When a certain limit is reached, the working intensity of cortical
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cells will be weakened, people will feel tired and work efficiency will be significantly
reduced. Apparent mass method is to exert force on the human-seat system at different
vibration frequencies, measure the acceleration of each part of the model, calculate the
apparent mass of the corresponding part by using formula M = F/a, and get the rela-
tionship curve between the apparent mass and the vibration frequency. The dynamic
performance of the seating is analyzed and vibration frequency has a great influence on
the human body is determined, so as to improve and optimize the natural frequency of
the seating and other parameters [11].

(c¢) Comparative method

The testing results showed that the factors affecting the dynamic characteristics of the
seating were the stiffness and damping coefficient of the seating cushion, the mass,
stiffness and damping coefficient of the suspension system and the dynamic perfor-
mance of the seating frame structure, among which the stiffness and damping coeffi-
cient play a decisive role. The stiffness parameters determine the resonance frequency
of the seating, while the damping coefficient determines the vibration attenuation
characteristics of the seating. The comparison method is to measure the transmission
rate of rigid seating and elastic seating under different vibration frequencies, and to
compare the transmission rate of the two seats.

(d) Material performance testing of car seating cushion

When people are exposed to high humidity and high temperature, they often feel
uncomfortable, limbs are weak and their work can not last long. Turkey’s Tulin and
Japan’s Kazuaki’s research on the influence of thermal environment on driver’s driving
comfort showed that the air permeability of backrest and cushion materials seriously
affected sweat emission [18, 19]. In addition, the study also showed that drivers who
prefer cushions and soft backs were susceptible to impact, but hard cushions were not
susceptible to fatigue. Therefore, the air permeability and softness and hardness of
cushion and backrest materials can be used as evaluation indexes of comfort.

e) Work Performance Testing

According to the statistics of relevant departments, there are as many as 1 billion road
traffic accidents in the world every year. Recent studies showed that 25-30% of the
causes of car crashes were caused by driving fatigue. Driving fatigue affects drivers’
alertness and driving safety. Work performance testing is to evaluate the comfort of the
seating by observing whether the performance of the driver after driving a car declines
after a certain period of time.

(f) Modeling and simulation method

Due to the advantages of good repeatability, time-saving and labor-saving, more and
more researchers had been beginning to use simulation methods to study the driving
comfort of automobiles [20, 21]. Among them, more studies had been done on the
vibration transmission characteristics of automobile seats and driver’s posture predic-
tion. A. Siefert et al. of Germany calculated the car seating and driver model by
ABAQUS finite element method, and evaluated the comfort of the model according to
the simulation results. This method can optimize the structure and comfort performance
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of the seat in the early stage of seat development and production, and could greatly
reduce the production cost of the manufacturer [20]. Some used neural network, the
method predicted the subjective evaluation of car seating and achieves good results,
which could greatly reduce the number of evaluators and saved time and manpower
when evaluating the seats comforting subjectively. Others used the optimized non-
linear active suspension seating to conduct safety and comfort analysis, evaluated the
comfort performance of different suspension seating, and concluded that they have. The
seating comfort performance of semi-active or active suspension was improved by
20%-30% [22]. In addition, some people in China used MATLAB simulation to
calculate the vibration transmission rate of the seat, which also had a good effect.

4.3 Physiological Parameter Evaluation

(a) EMG

The EMG mainly evaluates the driver’s fatigue degree by testing the driver’s EMG
signal. The main muscles tested were left and right trapezius, erector spine and internal
trapezius. The median frequencies of left and right trapezius, erector spine and internal
oblique muscles are obtained by EMG signal analysis. The median frequencies can be
used to determine whether the shoulder and waist muscles are fatigued due to the type
and duration of the cushion (or both). The EMG signal of signal data acquisition
system is usually collected by six electrodes.

Research showed that it could reflect the changes of muscle function. When muscle
fatigue occurs, the power spectral density of EMG signals was gradually compressed in
the direction of low frequency. This was due to the decrease of nerve conduction
velocity directly related to membrane excitation, which leaded to the increase of low-
frequency components of the signal, and the enhancement of this effect by the low-pass
filter between the surface electrodes and the active muscle fibers. Calculated from the
power spectrum was a very reliable index to measure this spectrum compression. The
change of nerve conduction velocity of muscle fibers caused by lactic acid accumu-
lation was related to the increase of frequency spectrum compression and fatigue
degree, and then decreased with the increase of fatigue degree.

(b) Temperature and Humidity

Driver’s comfort temperature is 18-23 °C, comfort humidity is 40%—60%, metabolic
capacity is 1.0-2.0 met, higher or lower than this range will increase driver’s fatigue
degree. The main influence factors of driving seating on driver’s thermal environment
are temperature and humidity on the seating surface. The temperature and humidity
characteristics of the seating surface will affect the heat dissipation performance of the
back, buttock, lower body and the respiratory function of the skin. When the tem-
perature and humidity characteristics of the seat surface do not adapt to the physio-
logical function of the human body, it will cause the local discomfort of the human
body, thus accelerating the formation of human fatigue. In the temperature and
humidity testing method, the main test sensor is placed in the test site for testing. The
data of skin surface humidity such as inner thigh, abdomen, chest, waist, buttock and
back need to be tested.
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(c) EEG

When the driver is tired, the brain responds slowly to traffic lights, speed restrictions,
pedestrians and other traffic signals, and the corresponding electrical signals of brain
tissue become weaker. EEG is to test the driver’s EEG signal by EEG tester, analyze
the EEG signal, judge whether the driving-related EEG is weakened, and then draw the
conclusion of driver fatigue.

(d) Eye movement

Influenced by seating discomfort, drivers are prone to fatigue, eye observation ability is
weakened, eye movement speed is reduced after long driving. Eye movement mea-
surement is to use eye movement meter to test visual information, such as eye scanning
trajectory, number of eyes, time of eyes, scanning range, interest area and so on.
Through these basic features of the eye, we can judge whether the driver is tired when
driving a car. At present, as a research means, this method has been widely used in the
evaluation of driver fatigue, but it is different from seating comfort evaluation.

(e) Blood oxygen saturation

Measuring oxygen saturation of hip tissue is an important index for objective evalu-
ation of comfort and endurance of subjects. The method of oxygen saturation testing is
to use oxygen meter to collect oxygen saturation of lower limbs when subjects sit to
reflect driver’s comfort in the car seating. The measurement method is non-invasive
and low-load. The main part of the medial gastrocnemius muscle is measured by near
infrared light sensor.

5 Conclusions

Seating comfort is gradually attracting the attention of ordinary consumers and special
workers, Diseases such as lower back pain, spine injury and pressure sore caused by
seating discomfort will seriously affect the health and work efficiency of workers, and
will increase the social medical burden. The research on sitting comfort is helpful to
understand the indexes related to sitting comfort, and is of great value to the evaluation
and improvement of seats and the improvement of driving comfort. From different
angles, the advantages of experiment and simulation can be brought into play, which
can help to accelerate the design of seating cushions with both comfort and safety.
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Abstract. The article presents a comprehensive research aimed at identification
of features to be embodied in new design ergonomic and safe suspended
monorails. Survey regarding comfort of use of suspended monorails is presented
— the results and conclusions drawn. The main criteria and factors to be taken
into account during ergonomic assessment of suspended monorails — both the
existing ones and new designed ones — were indicated. Operator’s cabin and
people transportation units were covered by the survey. Two computer aided
analyses were presented as well. In the first one, specialistic software was
introduced to create anthropotechnical system and calculate static discomfort
coefficient of different segments of a passenger represented by biomechanical
model. In the second one, MBS numerical method was used to find solutions
which enable to reduce vibrations of the operator’s cabin.

Keywords: Mining * Ergonomics + Mechanical engineering -
Suspended monorail + Underground transport MBS FEM

1 Introduction

The auxiliary mine transportation in underground mine workings is realized by mine
underground railways (on the main transportation routes) as well as by suspended
monorails or floor-mounted railway (in a department transportation). Transportation is
realized on tracks placed on the floor of working (floor-mounted rail transportation) or
on rails suspended to roadway support (suspended rail transportation).

There has been a rapid development of auxiliary transportation systems in the
European mines during the last two decades. For instance, a technical restructuring of
Polish mines started in 1990s led to intensive development of auxiliary transportation
systems. That mainly concerns the solutions of transportation by suspended monorails
with own driving and control systems [6]. In the case of using internal combustion
engine, they are covered by monitoring system [8]. The analyzed trends indicate that
systematic elongation of people and materials transportation routes of suspended
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monorails takes place, which requires supporting the control of technical conditions of
their components. The suspended drivetrains are self-propelled diesel machines used
for the transportation of materials and people. They have a modular design which
makes it possible to adapt their configuration to transportation systems. The calcula-
tions verifying the possibility to transport people in cabins, indicated that it was
technically possible to reach the travelling speed of 3.9 m/s for self-powered drive-
trains. The overall view of locomotive that is used in suspended monorails is presented
in Fig. 1.

Operator cabin |

o Diesel-hydraulic aggregate Drive
j\/l\. J}
'\
@)
Drive Drive Auxiliary unit Drive Operator cabin |1

Fig. 1. Locomotive of underground mining suspended monorail.

Locomotive is coupled with other main components by means of pull rods. For
heavy load a modular lifting beams are used. In the case of people transport, special
benches or passenger cabins are used, Fig. 2.

Fig. 2. Examples of means for transporting people in underground coal mines: bench (leff) and
cabin (right) (3, 4].

In the recent years, ergonomic criteria within auxiliary underground transportation
means were considered as “secondary problem”. That was one of reasons that these
criteria have become the subject of the tasks carried out within the INESI project [5].
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2 Evaluation of Suspended Monorails Currently Used
and Proposed Solutions in Terms of Compliance
with Ergonomics Requirements

Two types of research were carried out to establish what features should characterize
suspended monorails to consider them as ergonomic: (i) survey and (ii) computer aided
analyses. The survey was carried out with representatives of both groups of suspended
monorails’ users: operators and passengers. The computer aided analysis was focused
on passengers’ cabin.

The survey was carried out in the JSW S.A. (the largest producer of high quality
coking coal in European Union) mines in Poland and in the Premogovnik Velenje mine
in Slovenia. A hundred and sixty seven respondents participated giving answers for
questions regarding the comfort during riding by means of underground mining sus-
pended monorails.

There were two sections in each survey questionnaire: (i) related with respondent’s
experiences with use of suspended monorails, (ii) related with respondent’s expecta-
tions regarding suspended monorails to be designed. In the first section the respondents
were asked to assess how particular factors contribute to comfort in the suspended
monorails they have used. 5-grade scale (—2 till 2) was used. ‘-2’ indicated that a given
factor has a very negative impact on comfort and ‘2’ indicated that a given factor
significantly improves it. In the second section, respondents were asked about solutions
they wish to be included in suspended monorails designed in the future. 5-grade scale
was also used. —2 mean: not expected at all, 2 - highly expected.

Based on the data obtained it was established what percentage of respondents
assigned a given grade to a particular factor or solution.

Detailed analysis of results is not a subject of this paper, therefore main conclusions
will be given.

To calculate the static discomfort coefficient of different segments of the passengers
represented by biomechanical models, specialistic software Anthropos — ErgoMax was
introduced to create anthropotechnical system [1].

2.1 Survey with the Operators of Suspended Monorails — Results

For suspended monorails known to respondents it was established how control ele-
ments affect comfort. Factors considered were: controls location and accessibility,
readability of displayed information, simplicity of use — see the Table 1.

Table 1. Impact of control elements on comfort - answers.

Factor -2/-1{0 |1 |2

Placement of the controls 012 30 |41|17
Access and reaching to the controls | 10 |10 [36{29 |15
Readability of displayed information | 5| 4 29|42 |20
Simplicity of use 0 9/30|24|27
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For all factors more than a half of respondents think that existing solutions are well
designed in terms of operator’s comfort (grades 1 or 2) and approximately 1/3 find
them average (grade 0). It should be noted that opinions of 20% of respondents indicate
that access and reaching to the controls should be improved because they negatively
affect comfort. Taking into account respondents’ differentiated anthropometrical fea-
tures, it should be concluded that design changes of control elements are not an urgent
task.

Operator’s workplace was another aspect which was assessed in terms of impact on
comfort. It concerned cabins already used by the respondents. The seat, available place
as well as vibrations were taken into account — see the Table 2.

Table 2. Comfort in the operator’s workplace - answers.

Factor -2(-1{0 |1 |2
The seat can be adjusted to your own needs 22122 38|15 3
Comfort of the seat 10 |19 | 36|27
Visibility from the operator’s seat while driving 213 42]29|14
Visibility from the operator’s seat during maneuvering | 9 |27 |25 |27 12
Free space for your legs 7119 34|23 |17
The width of the cabin 215/39/29/|15
Vibrations of the cabin while driving 44 11512014 5
Overall comfort 9129 46| 8 8

Answers obtained reveal that vibrations of the cabin are the most important
problem to solve or at least significantly reduce in future designs of operator’s cabins.
Another problem which decreases the comfort are limited possibilities of the seat
adjustment. The answers obtained indicate that visibility from the operator’s seat
during maneuvering is also an important problem (36% of respondents assigned grade
—2 or —1). More thorough analysis showed that the answers are related with work
seniority as the operator — the less experience, the bigger problem the visibility is
considered. For 40% of experienced operators (more than 5 years), the visibility is not a
problem but still for 1/3 of them it is, which indicates that in the future designs this
factor should be taken into account and improved. Answers provided by most of
respondents indicate that in operator’s cabins currently used the following factors are at
least on average level in terms of impact on work comfort: comfort of seat, free space
for legs, cabin width, visibility operator has while driving. This means that these factors
should be kept at the same level or improved in the future designs.

Next, the respondents were presented a list of design solutions proposed for
operator’s cabins to be designed in the future and asked to express their opinion about
them (—2 - least expected, 2 - most expected) — see the Table 3.

The solutions were related among others with: observation during driving and
maneuvering, the seat adjustment, vibrations, safety, available space, ease of getting
on/off, driving support. The least expected are inertial seat belts and the highest interest
was expressed for solutions aimed at reduction of vibrations. More convenient and safe
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Table 3. Expectations regarding implementation of proposed design solutions - answers.

Factor -2 -1 0 1 2

Improving the visibility during driving and maneuvering by 7 8 19 |32 |24
means of using the vision system of the surroundings of the
suspended monorail

Vibration dampers located in the operator’s seat 1 7 12 134 |46
Comfortable seat with adjustable armrests 0 1 29 |27 |43
Suspension of the entire operator’s cabin 2 2 |25 |22 |49
Seat height adjustment 5 8 37 19 |31
Increasing the space for legs 2 12 29 |30 |27

Application of additional passive safety systems: inertial seat | 29 17 32 |14 8
belts
The use of additional passive safety systems: an adjustable 12 8 37 124 |19
headrest

Additional storage compartments for transporting small 12 9 |44 |10 |25
items located in the operator’s cabin

Widening of the operator’s cabin 10 9 |42 |17 |22
Additional handles to improve the comfort of getting on/off 2 10 |20 (26 42
IT systems forcing periodic inspections and machine 7 5 31 137 |20
inspections by the operator

Active cruise control 7 10 35 17 |31
Air-conditioned interior 3 9 129 17 |42
A more powerful reflector at the front of the cabin 5 5 34 17 39

getting on or off the cabin is also very important. Regarding the inertial seat belts,
safety shouldn’t be compromised for comfort. So the approach to follow should be:
when designing, introduce safety solutions which are as comfortable as possible.

2.2 Survey with the Passengers of Suspended Monorails - Results

Three types of people transportation units were covered by the questionnaire: cabin
with wooden seats, cabin with material hammock type seats, bench for people (with 1
or 2 rows).

For solutions known to respondents it was established how well they have been
designed in terms of comfort related with traveling, getting on/off and psychical
comfort which results from considered passengers’ safety — see the Table 4.

Comfort while travelling is relatively highest in cabins with material hammock type
seats and comparable low in the remaining solutions. Getting on and getting off is most
convenient in cabins with wooden seats and relatively worst when a bench is used.
Considered safety is relatively highest for cabins with wooden seats and it is signifi-
cantly low when a bench is used. Summing up, the respondents’ opinion indicate that a
bench for transporting people is the worst solution in terms of comfort.
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Table 4. Expectations regarding implementation of design solutions - answers.

People transportation units Cabin — seats Bench (1 or 2
Wooden Material hammock | FOWS)
type

Factor =2|-1, 0| 1| 2|=2|-1| 0| 1| 2|-2|-1| O 1|2
Comfort while traveling 20| 23|34 (16| 7| 4(30(28|21|17|25|16|43 11|5
Convenience getting on 91221272418 6|32(40|15| 7[20|18|41|14|7
Convenience getting off 1118312218 6|34|38[15| 7|20 16|43|16|5
Level of safety while 71123412423 4|21|34(32]| 9[32|16|41| 4|7
travelling

Next, the respondents were asked how well units for people transportation used by
them as passengers have been designed taking into account the seats, space, noise and
vibrations — see Table 5.

Table 5. Comfort of people transportation units in terms of selected factors - answers.

Factor -2|/-1/0 |1 |2
The seat can be adjusted to your own needs 33| 7/26/10|6
Comfort of the seat 9116 39|17 |5
Free space for legs 18 |18 [30|16 |5
The width of the cabin 8122 (27|18 8
Influence of the other passengers’ presence on the comfort of traveling | 11 |24 [35|13|6
Noise while traveling 20 120 33| 8|8
Vibrations of the cabin while traveling 12 {27 130155
Overall comfort 1016 (42|17 |4

General conclusion is that each factor listed should be taken into account and
improved in people transportation units designed in the future — designs of units used
currently are not good enough to be directly implemented. Particular focus should be
given to better possibilities of seat adjustment, but free space for legs as well as
reducing of noise and vibrations are also very important.

In the second part of the questionnaire, the respondents were asked which solutions
in their opinion should be taken into account in people transportation units designed in
the future — see the Table 6.

For almost all solutions the expressed interest is high enough to consider them as
important to be included in future designs of people transportation units for suspended
monorails. Noticeable exception is use of inertial seat belts which was negatively
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Table 6. Design solutions expected for people transportation units - answers.

Solution -2 |-1 |0 1 2
Vibration dampers located in the seat 2 7 33 |24 |24
The seat is trimmed with a soft material 4 5 31 124 |27
Suspension of the entire cabin 3 5 30 125 |25
Increasing the space for legs 4 20 |22 |42
The use of armrest 10 6 38 16 |17
Application of additional passive safety systems: inertial seat | 25 9 36 |11 7
belts

The use of additional passive safety systems: an adjustable 14 7 45 12 10
headrest

Additional storage compartments for transporting small 5 5 32 14 |31
items located in the cabin
Widening of the cabin 4 |4 28 |24 |27

Additional handles to improve the comfort of getting on/off 5 5 30 17 |30

assessed by approximately 1/3 of respondents. Also adjustable headrest obtained rel-
atively low interest. But in both cases the rule is: safety first. So both seat belts and
headrest should be designed with great focus on use comfort.

2.3 Computer Aided Ergonomic Evaluation of the Passengers Transport
Cab Used in Mining Suspended Monorails

As part of research carried out within the INESI project, ergonomic analyses of typical
and innovative type of passenger cabins were carried out. Commonly used cabins are
equipped with wooden seats and almost vertical seat back. In the new type cabins,
which were developed in the INESI project, the following solutions were included:
suspension between the cab and drive system; seats filled with foam; inclined seat back;
headrest and seat belt. Each cabin is designed for transporting eight people — four of
them seat according to the direction of travel and the next four passengers seat in the
opposite direction. 3D geometrical models of a typical and the modern cabin are
presented in the Fig. 3.

Ergonomic analysis was performed for a 50-percentile model of passenger, with
corresponding dimensions for 50% of the male population [7].

The results regard to four passengers occupying one compartment. Situation when
the passengers have the opportunity to take upright position do not actually occur when
the cabin is fully occupied. So it was necessary to place the anthropometric models of
passengers in a realistic way, in accordance with the existing cab limitations. The
results of the static discomfort analysis are presented in Fig. 4. The situation shows
significant, unfavorable values of the static discomfort coefficient for backbone of
passengers.
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Fig. 3. 3D geometrical models of cabin for transporting people using underground mining
suspended monorail: typical version (left), a new modern version (right).

Fig. 4. Previous version of the cabin. The results of ergonomic numerical analysis: values of
static discomfort coefficient for various sections of the spine.

Based on the results obtained, it can be stated that the initial version of passenger
transport cabin was not adapted to the typical passenger’s dimensions and could cause
discomfort on a longer route and negatively affect their musculoskeletal system.

In the next step, the new version of the passengers’ cabin was assessed. The results
are presented in Fig. 5.

The comfort during travelling has been significantly improved. It is important,
especially due to the extending the length of the underground transportation roads (and
travel time) in coal mines [9].
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Fig. 5. The new version of the cabin. The results of ergonomic numerical analysis: values of
static discomfort coefficient for various sections of the spine.

3 Virtual Prototyping of the Operator’s Cabin
as an Anthropotechnical System

One of the important aspects to reach the required level of comfort during trans-
portation in underground workings is vibration of the operator’s cabin. Numerical
analyses using multi-body system (MBS) method of operator’s cabin suspension were
carried out. Different values of stiffness coefficient of the cabin’s suspension were used
to reduce its vibration. In this case a validation process of computational model of
operator’s cabin was necessary to identify the stiffness coefficient of polyurethane
insert (part of the cabin’s suspension). Results from stand tests were the basis for the
validation. Then it was possible to assess the influence of the stiffness coefficient of the
suspension of operator’s cabin on its vertical displacement during riding.

3.1 Development of MBS Computational Model

Simplified MBS computational model of suspended monorail consists of (Fig. 6): a
model of gear drive (1), a model of operator’s cabin (2) and a model of route which
contains two meters long single rails (3) suspended on slings (4).

The following values of masses were adopted in the computational model:

e Operator’s cab — 450 kg.
The platform on which the cabin was suspended — 208 kg.
The drive — 620 kg.

The velocity of moving through the test route section equals 2 m/s.
The operator’s cab was connected to the platform via four elastic — damping
elements (see E1-E4 in Fig. 6). Their stiffness coefficient was identified during
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Fig. 6. Computational MBS model of suspended monorail.

compression test carried out in the laboratory. The value of this coefficient equals
1640 N/mm.

3.2 Assessment of the Suspension System of the Operator’s Cabin
Using MBS and FEM Calculations

In order to determine the influence of the stiffness of the elastic — damping el-elements
used in suspension of the cab on the operator, it was necessary to carry out many
numerical simulations of riding on the test route section. Initially numerical simulation
was conducted for the stiffness coefficient equals 1640 N/mm, because it was currently
used in operator’s cab. Next the value of stiffness coefficient was changed. During
numerical calculation the value of the accelerations of the center of operator’s cabin,
the forces and the deflection of elastic — damping elements were recorded. Recorded
accelerations are perceived by the operator as shocks or vibrations affecting their body
during work, so the values had to be reduced. The comparison of acceleration in
vertical axis of the center of operator’s cab for different values of the stiffness coeffi-
cient of elastic — damping elements is presented in Fig. 7.

In order how the elastic suspension of the cab is important, the simulation in which
the operator’s cabin was fixed with the platform was also conducted. The analysis of
simulation results shows that application of elastic — damping elements in suspension
of the operator’s cab has significant influence on safety and the comfort of work of
operators of suspended monorail. The change of stiffness of elastic — damping elements
in suspension allows controlling the value of vibration amplitude affecting on opera-
tor’s body during the work. Reduction of the value of acceleration causes the increase
value of vertical displacement of operator’s cab during driving, which also affects the
operator’s comfort of work. Special damping elements are used for this purpose.

One of the advantages of MBS type calculations, especially where the variability of
parameters in time-domain (boundary conditions and results) occur, is possibility to
indicate the state of the machine, which is the most unfavorable in a given assessment
criterion. These results in the form of boundary conditions are transferred to the FEM
calculation model, e.g. it could the maximum value of longitudinal force acting on the
operator’s cab. The first step is selection and simplification a part of 3D geometrical



Ergonomics Assessment Criteria as a Way to Improve the Quality 315

a) 5,0 T T T —— stiffness 1640 N/mm
3 == stiffness 45 N/mm

X
£
c
)
©
@
]
8 -
©
-5,0 ! ! ! — ! : L
0 2,5 time [s] 7,5 10
b) 4,0 7 [ — stiffness 1640 N/mm
o 4 ' - = stiffness 350 N/mm
w "
£201{
c :i
[} i | 1
® o0 I Ml 1 0 ‘u (s ‘ i, Ayl
© iy 7 il kg it n
] g |
S [
o v
® 2,0 f
-4,0
0 2,5 time [s] 7,5 10

Fig. 7. Influence of the change of initial stiffness of elastic — damping elements used in
operator’s cab on the vertical acceleration of the cab (a) 45 N/mm, (b) 350 N/mm.

model, which will be evaluated. Next, the part is discretized and the boundary con-
ditions are included. Depending on the needs, individual calculation results are ana-
lyzed in order to optimize the geometric features of the verified object, Fig. 8.

E& ]

Fig. 8. The main steps to obtain the results of strength calculations: identification of a part of the
geometrical of operator’s cab for the strength calculation (left), computational model (middle),
exemplary results of numerical calculation (right).

The above example regards the FEM static analysis. To assess not only the comfort
of transport mean’s user, but the safety of the passenger or the operator during driving
the suspended monorail, a dynamic crash simulations are carried out. In this case the
boundary conditions like initial velocity or so called crash pulse [2] are transferred to
the explicit FEM simulation. Crash pulse characteristics are used when ATB (Artic-
ulated Total Body) crash test dummy is included to the computational model. Test
dummies are used to assess the effects of frontal, side and rear collisions. On the basis
of crash tests, the probability of hitting the head or chest with internal parts of the cab
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or its equipment is determined. The Fig. 9 shows examples of results from dynamic
simulation of cab for crew transportation and operator’s cab.

Fig. 9. Exemplary results of dynamic explicit crash FEM simulations: ATB test dummy
movement during a frontal collision the cab (leff) [10]; high speed crash test of the cab’s frame —
initial position (middle), after frontal collision (right).

4 Conclusions

Designing phase of an innovative underground mining transport means should be more
focused on the ergonomics and safety aspects, especially when these means are used
for transporting people. Survey analysis and computer simulations indicated that the
most important problems are vibrations of the cab and lack of adjustment of seat to the
user’s needs. The respondents (operators) expressed positive opinion about the
majority of proposed solutions for the next generation of the transport means. For the
passengers inconveniences are related with: noise, vibrations, and lack of the space in
the cab. Among the proposed solutions with which the cab could be equipped, the seat
belts received many negative opinions. When considering their implementation, it
should be taken into account that the comfort not always is a priority, as numerical
simulations’ results proved.
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project INESI, “Increase efficiency and safety improvement in underground mining transporta-
tion routes”. This project has received funding from Research Fund for Coal and Steel under
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Abstract. Backpacks are ever used to transport everyday essentials from one
place to another which also come in a variety of design and specification that
personify the person; yet most manufactures often overlook the importance of
comfortability and posture support instead of aesthetics. Segment of the popula-
tion suffer from excessively heavy loads of backpacks which lead to plenty of
health problems. Contradictory to public beliefs, wearing heavy backpacks will
not stunt growth [1], but will breed health problems nonetheless; bad posture,
shoulders bending inwards and improper spine alignment. Furthermore, prolong
carriage of heavy loaded backpacks brings great stress to a single muscle group
resulting to muscle fatigue and causes the user’s body to compensate to the weight
misaligning the axis of the body [2, 4]. As backpacks have a high demand of use for
students the researchers envision of creating a backpack that diminish the payload
by properly distributing the weight. This method utilizes the muscle’s carrying
capacity and improves of the user’s posture [3, 7]. In order to develop this design,
anthropometry and statistics are used to determine the appropriate dimensions for
each part of the product: Shoulder breath (Bideltoid), Shoulder breath - (Biacro-
mial), Lumbar height and average bag weight. Choosing junior high school stu-
dents as participants, ranging from 13-17 years old, who are typically carrying a
heavy loaded bag. Gathering the participant’s body segments and integrating it for
the dimensions of the design with respect to the Sth and 95th percentile of the stated
body measurements. The design serves the purpose of bringing materials with the
minimal possibility of having discomfort due to overstressing of muscles [7].
Applying stress absorbers in the straps of the bag which will be designed to
minimize the strain received by the user’s shoulders. The ergonomic design should
bring the user comfortability as well as functionality.

Keywords: Backpack - Junior high school - Posture - Anthropometry
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1 Introduction

Backpacks are often used in transporting the user’s belongings from one place to
another. Backpacks in the modern times comes in various of ways and designs per-
sonifying the bag, while serving its primary purpose of carrying things, most manu-
facturers often overlook the importance of safety. Over the years, people suffered from
excessively heavy loads of back packs, which in long term, leads to health problems and
possible injury [7, 9]. Contrary to public beliefs, “wearing heavy backpacks will not
stunt growth” [1], but will breed health problems nonetheless, bad posture, shoulders
bending inwards, improper back bone alignment to name a few [2, 3]. Without proper
equipment these pre-existing problems that result from regular use of conventional back
packs will worsen let alone multiply. Junior high students are the most viable subjects
for the test given their demographic nature. Junior high-school students are observed to
carry backpacks way more than their suggested capacity. With these age group 13-17,
where human bones are in its developmental stage are viable for series of tests. Most of
the students used traditional backpacks as their school bags which greatly affects their
health, productivity and safety [9]. At times, students tend to disrupt the natural posture
of their musculoskeletal system causing the body to go off-Axis of its natural position
which lead the body to compensate with postural distortion [7, 8]; is one of the reasons
for causing musculoskeletal pain. To counteract this regrettable reality, the researchers
partake into a research devising a bag that alleviates and/or prevents the aforementioned
health problems brought about by using a poorly designed back pack. Chronic mus-
culoskeletal pain may arise from frequent incorrect use of heavy backpacks.

2 Conceptual Model

In order to develop an ergonomically designed back-pack for junior high-school students,
the researchers identified the functions of the existing bags with regards to their study and
recommend an abstract design improving the usage of back-packs. The approach requires
survey questionnaire for gathering the necessary data and measurements; integrate the
initial concept design with the gathered data. Finally, the projected output of the study
comprises ergonomically intervened back-pack prototype preventing posture misalign-
ment while serving the purpose of carrying the user’s belongings (Fig. 1).

Identification ©
affected muscle
group
e Load Analysis

e Development of
_Solution

Interview and™
Survey

Anthropometrié¢ il Data Gathering
VMeasurement ‘\ L Ergonomic
1

ntervention

Fig. 1. Conceptual model
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3 Methodology

Sampling Procedure: The study followed a procedure using a close ended proportion
questionnaire. The research instrument contains a questionnaire wherein respondents
are to state their perception of their bags in a physical comfort/discomfort sense. The
research instrument is then given to the eligible test participants within ages 13—17 on
the selected population, which has a total of Six Thousand and Forty-Two (6042); and
composing of Three hundred Eighty Seven (387) respondents. The researcher pre-
sumed that this group of students are the ones who often carry a heavy bag. The queries
are constructed based on factors affecting the user and backpack, one of which
quantifies the factors in concern with the comfort ability of the user’s backpack while
wearing it, regardless of the payload carried. Another concern is the load they set in the
backpack, considering if they place all of their things within the backpack. Moreover,
we need to look over is how they wear their backpack, despite the different built or
design of the backpack have. Additionally, we also considered the discomfort to the
body while wearing he bag especially on shoulders and the stress on the back or the
pain that users feel while wearing it for long periods of time. After filling out the
information necessary, the researchers proceed to get the lengths of the student’s
following body parts: Shoulder Breadth (Bideltoid), Shoulder Breadth (Biacromial),
and their Lumbar height, as well as their bag weight; which are essential data in the
process of incorporating the concept.

Sampling: There was Six Thousand and forty-two (6042) number of population
during the time of the study. Using the Slovin’s formula to calculate the sample size, it
was approximated that Three Hundred and Seventy-Six (376) respondents were
required to obtain £0.05 margin of error. However, the proponents gathered data from
Three hundred eighty Seven (387) respondents thus giving a margin of error
of £0.0492.

Data Analysis: The current study used descriptive statistics, anthropometric statistics
and inferential statistics for the demographic profile of the respondents. The funda-
mental means were analysed to identify which fragment greatly affects the general
accomplishment of the goal. Finally, a test of hypothesis one-sample p-test and z-test
validated the qualitative evaluation of the respondents [5].

4 Results and Discussion

Demographic Factors: Surveys had been done to determine the factors that cause
shoulder and back pains among junior high schools student in publics school in
Bulacan. Age, Gender and Bag weights were assumed to be occurrences to be related to
the problem. Since the target population of Three Hundred and Seventy-Six (376) was
exceeded and Three hundred eighty Seven (387) respondents were gathered giving the
study, Four point Ninety Two percent (4.92%) error.
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The total sample gathered from the three (3) Institutes is comprised of One Hundred
and Seventy-Five male respondents (45.22%) and Two Hundred and Twelve female
respondents (54.78%). See Figs. 2 and 3.

Grade Grade
10, 194

Grade
Grade 8,75
9,30
Fig. 2. (Gender) Fig. 3. (Year Level)

Diagnostics: The proportion who answered that they feel comfortable wearing their
backpacks exceeds by 72 respondents, and 258 reported that they place most of their
belongings within the backpack, the majority answered that they wear their backpacks
loose, exceeded by 95 respondent replies, and 200 respondents reported they feel
shoulder pain, while 275 stated that they suffer from back pain after prolonged use of
heavy loaded backpack. The relationship observed that wearing backpacks loose result
in higher probability of having shoulder pain as well as back pain after using heavy
loaded backpack (Table 1).

Table 1. Questionnaire diagnostic

Questionnaire diagnostics

Comfortability Placement Q2 Loose Pain while Pain after
Q1 Q3 wearing wearing
Q4 Q5

Grade Yes No Yes No Yes No Yes No Yes No
7 50 50 98.86 1.14 52.27 47.73 63.64 36.36 77.27 22.73
8 4533 54.67 72 28 58.67 41.33 58.67 41.33 76 24
9 30 70 76.67 23.33 73.33 26.67 60 40 66.67 33.33
10 42.27 57.73 58.25 41.75 70.1 29.9 43.81 56.19 70.62 29.38
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Anthropometric Measurement: Harvested data are segmented into two (1) anthro-
pometric measurement for male, and (2) anthropometric measurement for female in
consideration to the variation of anthropometric measurement of genders.

Measurements for male are as follow: Bag Weight 4.807, Shoulder Breadth
(bideltoid) 16.823 inches, Shoulder Breadth (Biacromial) 19.537 inches, Lumbar
Height 18.903 inches (Table 2).

Table 2. Anthropometric measurement for male users

Male
Bag Shoulder breadth Shoulder breadth Lumbar
weight (bideltoid) (biacromial) height
Max 10.3 21 26 25
Min 1.1 12 13 13
Mean 4.807 16.823 19.537 18.903
Std dev 2.045 1.504 2.358 2.465

Measurements for female are as follow: Bag Weight 4.807, Shoulder Breadth
(bideltoid) 16.823 inches, Shoulder Breadth (Biacromial) 19.537 inches, Lumbar
Height 18.903 inches. (Table 3)

Table 3. Anthropometric measurement for female users

Female
Bag Shoulder breadth Shoulder breadth Lumbar
weight (bideltoid) (biacromial) height
Max 8.5 20 29 21
Min 1.2 13 12 12
Mean 3.697 8.359 18.359 17.160
Std dev | 1.617 2.590 2.59 1.633

5 Recommendation

The current attributes of the mainstream bag line-up has significantly improved through
generations. The room of improvement was filled by researchers. But as good as these
improvements may come, much work is still needed. The tolerability level of having
the strap on for extended periods of time varies from user to user and the level of
comfort, occurrence of health problems over time from misuse, and all other relative
factors that is in need of addressing.

With further research and development, optimum comfort and safety can be
achieved by making the strap adapt into the user’s body and make them part of the
body, thus further reducing body sway and therefore reducing the overall multiplying
factor of weight when moving. By successfully decreasing body sway, the bag will
further reduce the likelihood of developing an ailment related to misuse of a backpack.
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Skin torsion is another observable immediate negative effect of a heavy bag. The
researchers took this factor into account. By using dampening systems on the straps of
the back pack combined with materials less abrasive to human skin, the researchers
lessened skin torsion, abrasion and shoulder bruising therefore effectively relieving
pain from the user (Fig. 4).

Bag Height 420 mm
Bag Width 265 mm

Bag Breadth 160 mm
Bag Strap

Adjustment >10 mm

Fig. 4. Propose designed with ergonomic intervention

The proposed design was then constructed to aid the user in developing good body
posture, while serving the principal purpose of carrying materials from one point to
another. The designed back-pack has one primary opening as its main storage and a front
pocket providing easy access. Furthermore, the bag provides a compression system by
pulling the string placed at the upper section of the bag; the system will reduce the
movement of things within the bag which causes the movement of the load away from the
core [7, 10] of the user and direct the pull of the load downhill. External adjustable snap
locks were also placed to help the compression of the upper section of load and provide
added security to the primary opening. The backpack straps were designed to pull the
user’s shoulders backwards serving as a posture correction system to the user, allowing
the shoulders muscles to adapt in the position, eventually developing good posture habits
and the backpack’s dimensions are projected to fit user’s body measurement; with respect
to the 5th and 95th percentile quantities gathered. Because the back-pack is design in a
way to help the user’s posture, the initial phase of using the bag will cause discomfort-
ability to the user due to it adjustments of the muscles to its proper alignment. The lower
section of the bag then provides lumbar support with thick paddings as most of the weight
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rests there, and an additional secret back pocket for small important things. Developing
good posture habits prevents slouching and hunching of the back which then leads to
rounded shoulders and spine which are causes to many disorders. Likewise, mounting
good posture habits prevents the compensation of the body to the weight thus avoiding the
posture misalignment; moreover the designed system also contributes to the muscle
exercise of the user strengthening the core muscles.

6 Conclusion

After verifying the factors that gives pain in the lower back of the body, the application
of ergonomics specifically human factors and ergonomics the following are suggested
to the natural structures of backpacks; the placement of the bag should be at thoracic
region correlated to the body structure- according to Kroemer, in her study the “Muscle
functions and disorders” stated that, there are three types of muscle that the human
body, Cardiac, the smooth muscles and the skeletal muscles which the maintains the
body’s postural balance, and with the backpacks unbalanced weight the body’s balance
is broken thus gives the body pain in the lower back which is the core. The researchers
redesigned the backpack for ergonomics function providing the user minimal risk of
having injuries and strain on the muscles. Adjustments and features with regards to the
back-pack considering the response of the user’s body—with accordance to Forester’s
study, posture distortion, pain and injury are factors to consider. Moreover, with respect
to the Fifth and Ninety-Fifth percentile of both male and female, the adjustment range
used are the fifth percentile from the female which has smaller body structure and the
Ninety-fifth percentile from the male with broader body structure.
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Abstract. Based on the data of the second national anthropometric survey
conducted from 2014 to 2018, this study analyzed the correlations among 11
head and face measurement items, and the correlations between head and face
measurement items and influencing factors. And the effective linear regression
equations are established, which provided a technical reference for the opti-
mization of human head and face measurement items. Head and face data were
acquired according to the method defined in the Basic Project of Anthropometry
for Technical Design (GB/T5703-1999). The research results can be directly
applied to human head and face measurement, to update human head and face
size data and reduce the difficulty of human body measurement field work.

Keywords: Correlation - Head and face + Chinese adults

1 Introduction

The anthropometry data has broad application prospects in the field of labor protective
field. The analysis and application of head shape data are not only related to the design
and evaluation of gas masks and work caps, but also closely related to other head and
face protective products (such as safety helmet, protective glasses, protective masks,
earmuffs, etc.). The measurement items of human head and face reflect some aspect of
the morphological characteristics of head and face. The human body is a unified whole,
and the growth and development of each part are in harmony. There is also a regular
relationship between the data of head and face and some measurement items of human
body, and the correlation is one of them.

It is impossible for any anthropometric work to measure and count all the indexes
of human body. Generally, the main parameters of human body (such as weight, height,
chest circumference, etc.) are selected to carry out the investigation. This paper carries
out the correlation research between the main items of human head and face and key
influence factors for head and face size based on the latest Chinese adult human head
and face data. The purpose is to optimize human head facial size measuring projects, to
reduce the human body data acquisition work difficulty, to meet the industrial design of
the practical need of head face to the human body size data.
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2 Research Background

Head and face characteristics are an important part of anthropologic research. Scholars
from various countries have carried out a large number of head and face measurements
and studies and applied them to various related fields. Head and face databases for
different countries, different nationalities, different regions, different genders and dif-
ferent age groups have been established, which provides valuable information for the
development of Ethnology and anthropology.

China has the largest working population in the world. It requires the head and face
data for designing protective equipments. In 1958, China conducted its first large scale
head data collection which involved 43,173 soldiers. In 1980, the Beijing Institute of
Labor Protection and the National Academy of Sciences conducted a survey of 9392
people’s head size. According to these data, The GB 2428-81“China Adult Head
Series” [1] was established, in which 29 measurements were used to describe and
classify the head shape characteristics. In 1988, China Institute of Standardization
launched the first nationwide measurement of human body size, surveyed 22,300
Chinese adults, and established a database of human body size of Chinese adults.
Subsequently, the standard of Adult Head and Face Size (GB/T 2428-1998) [2] for 41
head and face items was established by analyzing and statistical techniques of small
sample (393 persons).

In 2013, the Chinese National Institute of Standardization launched the second
nationwide measurement of human body size. The measurement includes head and face
data, foot data, hand data and trunk data. The purpose of this survey is to understand
the latest physiological parameters of Chinese adults, and to provide basic basis for
industrial design and industrial production. Based on the data of adult head and face
size obtained in this survey, the correlation between the data is analyzed in this paper.

3 Sampling Methods

3.1 Age Distribution

A total of 26,000 people aged from 18 to 75 years old were collected in this national
anthropometric work. During the sampling, the subjects were divided into six age
groups. The distribution of people in six age groups is shown in the Table 1 below.

Table 1. Number of samples in all age groups.
Age groups | 18-24 | 25-34 | 35-44 | 45-54 | 55-64 | 65-75

Male 1,613 | 1,982 | 1,679 | 1,726 | 1,368 | 432
Female 1,389 | 1,647 | 1,845 {2,290 | 1,781 | 511
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3.2 Geographical Distribution

China has a vast territory, and there are great differences in the body shape of adults in
different regions. According to anthropologists’ suggestions, the whole country is
divided into six natural areas, each of which contains a number of measuring places to
ensure the representativeness of the samples. The six natural areas is shown in the
Table 2 below.

Table 2. Six natural areas.

Number | Areas

Northeast & North China

Midwest

The lower reaches of the Yangtze River

The middle reaches of the Yangtze River
Guangdong & Guangxi & Fujian

AN AW

Yunnan, Guizhou and Sichuan

3.3 Occupational Distribution

Because of different occupations, there are also differences in body size and proportion.
Therefore, this survey also classifies the population according to different occupations,
which are divided into five occupational categories. The five occupational categories is
shown in the Table 3 below.

Table 3. Occupational categories.

Number | Categories
1 Students
Government-affiliated institutionst

The secondary industry
The Third industry
Countryside

wn A~ W N

4 Measurement Methods

4.1 Definitions of Measurement Items

The head and face size data collected in this study are all defined by national standards
GB/T 5703-1999 basic human body measurements for technological design [3].

The measurement items included 10 items: Head breadth, head length, head cir-
cumference, bitragion arc, head sagittal arc, face length, pupil spacing, head height, ear
length, nose length and nose width.
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4.2 Measurement Equipments

This data acquisition adopted two methods, that is, manual measurement and three-
dimensional scanning. Martin rulers were used for manual measurement and three-
dimensional head and face scanner was used for three-dimensional scanning. Surveyors
were trained and assessed in the early stage, and can operate the measuring equipment
skillfully.

5 Data Analysis

5.1 Inter-project Correlation Analysis

According to the physiological characteristics of human body, the indices of various
parts of the human body are not completely independent, and there is a strong corre-
lation among the characteristic parameters [4, 5]. The statistical analysis software SPSS
was used to analyze the correlation of 10 datas of human head and face size, and the
correlation coefficients of 11 datas were obtained, as shown in Table 4.

(1) The correlations among the three main parameters. For the three main parameters
of head length, Head breadth and head circumference, the table above shows that
there is a certain correlation among them. The correlation between head length and
head circumference is high to 0.726 (P < 0.01). Although there was some corre-
lation between head length and Head breadth, only 0.314 (P < 0.01).

(2) The correlation between the three main parameters and other data. Head length,
Head breadth and head circumference are also correlated with other head and face
items. There is a significant linear correlation between head length and head
sagittal arc and shape surface length and the correlation coefficients were 0.448 and
0.411 (P < 0.01). It indicates that the arc length from the eyebrow point to the back
of occipital point was larger in the people with large head length. Head breadth has
a high correlation with the bitragion arc, and has a certain correlation with the
morphological surface length and pupil spacing.

(3) The correlation between height terms. The height related items are head height,
shape and face length, appearance and ear length and nose length. Among them,
the morphological surface length and nose length have significant linearity. The
correlation coefficient is 0.422, which indicates that the people with long distance
from the bridge of nose to the submental point also have a long nose. The cor-
relation coefficient between the other projects is not high.

(4) The correlation between width terms. Head breadth, pupil spacing and nose width
were used in this study. The correlation coefficient between Head breadth and pupil
distance is 0.351, while the correlation coefficient between other data is smaller.

(5) The correlation of items in the same head position. There was no significant
correlation between head length and Head breadth, nose length and nose width.
That is to say, statistically speaking, a person with a large head length does not
mean a large Head breadth, and as person with a large nose length may not
necessarily have a large nose width.
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5.2 Analysis of Influencing Factors on Head and Face

Head size is influenced by many factors, including age, race, sex, birthplace, and many
other factors [38]. These factors are not isolated from each other, but are interrelated
and restrictive. This paper analyzed the influence of stature, weight, age, gender,
region, occupation on the head and face data (Table 5).

Table 5. Analysis of influencing factors on head and face

Items Age Gender | Stature | Weight | Occupational | Region
Head breadth —.250%% | —.462%* | 476%* | 376%* | —.165%* —. 114
Head length O17%% | = 554%% | 428%* | 395%* | (Q5]%** .108**
Head circumference | —.152%* | — 510%* | .528%* | .508%%* | —.078** —.031%*
Bitragion arc —.330%* | —.331%* | 466** | 320%* | —.178** —.077**
Sagittal arc —. 138%% | —345%% | 313%* | 208%* | —.014* .074%*
Face length 075%*% | —510%* | 461** | 373%* | 012 —. 104
Pupil spacing —.097%% | —289%* | 308** | 250%* | —.076%* —.139%*
Head height —.102%% | = 191%%* | 326%% | 228%* | — 046%* —.088%**
Ear length 2047 | —250%% | 214%% | 267%* | .050%* —.051%%*
Nose length 050%* | —368** | 326%* | .188%* | —015*% —.051%*
Nose width —.011 | —.388** | 263** | 215%* | 011 .094%*

From the table above, it can be seen that the influence of different factors on head
size is also different. Overall, gender, age, height and weight are the major factors
affecting head size, while occupational categories and measurement locations have
relatively small impact on head and face data.

Age plays a negative role in most of the head and face data, such as Head breadth,
head circumference, intertrabecular arc, head sagittal arc, head full-height head and
face large-scale data, with the increase of age, the data gradually decreases. For head
length, shape and face length, appearance and ear length, nose length and other length
data, the data increase with the increase of age. It shows that with the increase of age,
the size of the head gradually shrinks due to the decrease of body metabolism level.
However, facial features do show a slight increase in size with age.increase.

The influence of gender, height and weight are obvious. All the head data size for
male is significantly larger than that of the female. This has a certain relationship with
the characteristics of the body shape between males and females. Males are tall and
large, and their sizes are generally larger than that of females. Height and weight are
also highly correlated with head and face data, especially head circumference, Head
breadth, head length, tragus arc and shape surface length. It shows that people with
large stature and body weight generally have larger head and face contours, and the size
of their five senses is also relatively large.

Compared with other factors, occupational factors and geographical factors have
little effect on human head and face data.
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There is interaction between these factors and head size, and the same factor has
different effects on different indicators. For example, the correlation between age-to-
Head breadth and intertrabecular arc is —0.250 and —0.330, the two data are mainly
Head breadth data; the correlation between gender and most of the head and face data is
higher, especially head length, head circumference, and shape surface length data, the
correlation is more than —0.5. The influence of height and weight on head and face data
is consistent, and the correlation between height and weight and head circumference,
head length and width is greater. Overall, these factors have greater correlations with
the size of the head and face, but have a smaller impact on the local data such as pupil
distance, ear, nose and so on. It shows that the local data of human head and face have
certain diversity.

5.3 Linear Regression Equation

Establishment of Regression Equation. From the previous correlation analysis
results, we can see that there is a statistical linear relationship between human head and
face measurement items and head length, Head breadth and head circumference. Age,
sex, height and weight have great influence on the data of human head and face, and
these factors are also taken into account. Multivariate stepwise regression analysis for
head and face data was carried out well as age, sex, height and weight factors. The
regression equation are shown in Table 6.

Test of Regression Equation. The significance test was used to analyze the regression
equation and the results show that the regression coefficients of each variable are
significant and the regression equation can reflect the corresponding relationship
among the measurement items. Therefore, in the future actual human head and face
measurement work, we can use the linear relationship between the measurement items
to optimize the basic items of anthropometry. By collecting only part of the main
human head and face measurement items, the regression equation can be used to
predict the human head and face data, which has strong correlation with the main
measurement items but is difficult to implement.

6 Conclusions

This paper analyzed the correlation among 10 head and face measurement items and
the correlation between head and face measurement items and influencing factors based
on the latest human body size data of Chinese adults, and established an effective linear
regression equation, which provided technical reference for the optimization of human
head and face measurement items. The research results can be directly applied to
human head and face measurement and updating of human head and face size data to
reduce the difficulty of human body measurement. In order to improve the practical
application ability of Chinese anthropometric data in industrial design, we will continue
the research on the correlation between basic anthropometric items, various parts of the
human body measurement items and anthropometric items for industrial design.
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Abstract. The aim of this paper is to contribute to associating higher education
in design towards meeting the challenge of global sustainability [1]. Ideas from
several models and from within several disciplines as design are integrated to
construct a framework through the challenges can be examined and then
transacted into learning outcomes, expressed as graduate attributes. The focus of
design education for global sustainability has been on encouraging consumers to
modify patterns of resource consumption and waste management. To actualize
this potential requires that higher education curricula in design offer experiences,
which develop graduate attributes of self-efficacy, capacity for effective advo-
cacy and interdisciplinary collaboration, as well as raise awareness of social and
moral responsibilities associated with professional design practice It is important
to consider the practicality of developing programs of study, which can prepare
graduates with the necessary knowledge and values. Higher education in design
must develop the capacity in graduates to prioritize actions after balancing all
the social, environmental and economic costs and benefits [2]. So, the cur-
riculum in design should include experiences, which lead to a greater awareness
of social and moral responsibilities. Especially, in a larger self-awareness of
personal value systems and a willingness to revise them is required to prepare
design graduates for work towards sustainability.

Keywords: Curriculum development - Higher education + Consumers + Design
graduates

1 Introduction

We are living in a rapidly changing and less predictable global system. Consumption
patterns, once a consequence of local factors, are now influenced by less visible and
more remote economic, technological, social, political and environmental drivers. In
many ways, the far-reaching effects of local actions can be attributed to technology that
has enabled the fast transformation of resources, transfer of energy and information.
The increasing affluence and growing expectations for personal comfort and con-
venience in the developed world have led to consumption patterns that are unsus-
tainable, degrading the global resource base and the quality of the physical and social
environments. Citizens in less developed countries are often the victims of this
exploitation. These trends have generated much discussion and debate about social
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justice, and have provided a strong incentive for scientific innovation to deal with
emerging problems. Simplistically, it can be argued that sustainability will be achieved
when all consumers can make choices to conserve, to minimise damage and to max-
imise benefit. Based on this approach, government policies in many countries have
placed only limited emphasis on challenging producers to review the ways they
manufacture, package and distribute products.

Rather, emphasis has been placed on changing consumer behaviour, specifically
consumption patterns and waste management. The solution seems simple, yet there is
no evidence of substantial progress towards achieving sustainable states on a global
scale. The explanation for lack of success is complex and the solution may lie else-
where. After examining the barriers to acting to promote sustainability from a con-
sumer perspective, this paper outlines some key elements of a framework for a
potentially effective and long-term approach through the higher education sector.

2 Impediments to Achieving Sustainability

2.1 A Challenging Concept

The problem of developing a more sustainable society is complex. At the heart of this
complexity is the lack of understanding of the concept of sustainability as a basis for
goal-setting. In 1987, the World Commission on Environment and Development
defined sustainable development as “development that meets the needs of the present
without compromising the ability of future generations to meet their own needs” [3].
This statement represented a landmark, alluding to factors beyond those related to the
condition of the physical environment, traditionally the focus of discussion around
sustainability.

Emerging from the Earth Summit in Rio de Janeiro in 1992 was a formal recog-
nition of the significant relationship between ecology and economy, articulated in 27
principles [4]. By 1997, sustainable development was dependent on ‘“economic
development, social development and environmental protection” [1]. later interpreted
as the triple bottom line for assessing the impact of consumption [5].

2.2 Restrictions of Technological Solutions

Over the past few decades, research has maintained a strong focus on measuring
change in the physical environment. Efforts have been directed at quantifying climate
change, with emphasis on measuring global warming and greenhouse gas emissions. It
has led to the Kyoto Treaty, to which many nations are signatories.

Another important area for research has been the development and application of
technologies to significantly reduce energy consumption [6]. Such technologies are
designed to reduce resource consumption and pollution, while they maintain living
standards. Use of these new technologies may be encouraged by economic incentives,
such as cost savings due to greater fuel efficiency, or by government regulation with
penalties for non-compliance with standards, such as in building design.
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2.3 Restrictions of a Consumer Based Approach

Environmental degradation has been attributed to “careless individual and household
behaviour,” [7] suggesting an alternative focus for strategies to promote sustainability.
The multi-function role of the household means that changing behaviour could
potentially lead to effective management of resources. Noorman has introduced the
concept of “household metabolism” as a practical way of understanding the global
impact of local, daily consumer activity [8]. Drawing from the ecological sciences, this
concept can be applied to households to describe the flow of materials and energy.
According to this model, the failure to recognise the importance of the household as a
“social decision-making unit” represents a loss of countless opportunities to change
behaviour and achieve sustainability.

Contemporary consumers would be regularly required to choose a product, for
instance, according to the biodegradability of packaging, or whether its regular con-
sumption might protect health. This assumes a certain standard of competence on the
part of consumers as well as motivation to make sustainable choices. Consumers may
be reluctant to make changes towards more sustainable consumption, for instance,
because they feel that their individual decisions will not have a significant impact,
particularly in the long-term. Assigning responsibility for important decisions to dis-
affected individuals is unlikely to bring about the major changes required to achieve
sustainability.

More importantly, moves towards sustainability through a household based
approach assumes that consumers have access to the relevant and reliable scientific
information, interpreted in ways that they can apply to everyday situations. It also
assumes that more sustainable options are available to consumers. The following
discussion explains why these assumptions may not be valid.

2.4 Restrictions to Reliability of Information for Decision-Making

Scientific facts may appear as reliable for use in decision-making by consumers.
However, the derivation of these facts is subject to the processes of collecting and
interpreting evidence, and influenced by established conventions and expectations of
researchers. Careers are made and kudos derived through discovering new scientific
knowledge. As such, empirical science is not value free, with “vested interests...
driving the research agenda” [9]. Such interests may compromise the reliability of the
information needed by consumers to make decisions in the interests of themselves,
their communities or the broader environment.

The processes through which science is filtered for the public influences its relia-
bility. Generally, information about products and services delivered through the media
are prepared by public relations or marketing teams. By no means does this filtering
lead to a systematic and balanced presentation of all the facts needed to make informed
decisions. Even claims such as “biodegradable”, which potentially could be scientifi-
cally verified, can be variously applied and then widely interpreted by consumers and
even, be misleading [10]. In many instances, consumers receive information which has
been selected by stakeholders for its potential to encourage purchase, to improve the
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public image of a company, or perhaps for political reasons, rather than for its con-
tribution towards providing a balanced perspective.

There are many examples where scientific facts have been debunked or substan-
tially revised after adventitious events, further research and even through uncovering
fraud. The complexities of scientific phenomena inevitably mean that there is always
some level of uncertainty about the facts which describe them. Lowe explains that it is
this uncertainty which makes science vulnerable to the values and assumptions of those
involved in its interpretation. [9] Essentially, there are always likely to be limits to the
reliability of information for decision-making by consumers.

2.5 Cognitive Processes

It is necessary to consider the cognitive processes involved to fully understand the
notion of informed decision-making. Along with many other theories, various infor-
mation processing models have been used to explain how new information is acquired
and organised by individuals. Essentially, information received through the senses
enters the sensory memory. The processing system involves many steps in which the
information is manipulated in the short-term memory, and encoded in preparation for
long-term storage. The encoding is dependent on perceptions of the quality or value or
reliability of the information, and even the sensory pathways through which it has been
perceived. An individual’s sensory acuity, as well as education, experience, values,
attitudes and beliefs, may influence perception. This means that consumers will
selectively respond to segments of information, depending on personal capabilities and
circumstance and interests, or even the medium through which the information is
channelled.

For some input, cognitive processing is limited and decisions are apparently
intuitive. Other information received may be stored in the long-term memory to
become part of the file through which an individual sort when weighing the options in
the process of decision making. An individual’s stage of cognitive development is an
important variable which will determine the speed of processing, the number of
information bits processed in each time, whether the information is stored, and the
storage capacity. This model indicates the complexity, and explains the unpredictability
and individual nature of the decision-making process.

Considering the cognitive effort required to search through an extensive data base
of relevant stored information and evaluate the relative importance of each bit of
information, it is understandable that individuals will often simplify the process by
choosing decision-making strategies [11]. Frequently selecting household food supplies
at the point of sale in the supermarket would be a daunting task if consumers were to
weigh up all the options when deciding on each product. Choosing products according
to brand names is an example of a strategy which may simplify the process. The choice
is a balance between the cognitive effort they are prepared to make, and their per-
ceptions of the implications of making the wrong decision. This type of decision-
making may not necessarily lead to choices which contribute to global sustainability.

Research has highlighted the influence of situational factors on the decision-making
process [12], with the information environment a dominant factor. In a consumption-
based culture, its impact is all-pervasive so that information segments compete for
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consumer attention. Consumers may receive a vast number of messages via a variety of
communication pathways at any one time, potentially overwhelming the human pro-
cessing system. Rather than due to lack of motivation, failure to store information in the
long-term memory may also be due to its inconsistencies with the established
knowledge base. So even if information is reliable and accessible, the human infor-
mation processing system may limit the capacity of individual consumers to make the
complex decisions required for sustainability.

3 Higher Education: A Resource for Sustainability

An approach based on consumer action relies on individuals with motivations, com-
petencies and access to information which enables them to make choices which do not
degrade or deplete resources in the physical, cultural and social domains. It also relies
on sustainable choices being available. Recognising the barriers facing consumers to
making sustainable choices shifts the focus to the training of professionals who manage
the resources, educate the public or design the options from which choices are made.
The institution of higher education is where these professionals are trained. In fact,
many argue that the higher education sector bears a significant responsibility for sus-
tainability by its influence on society and academic freedom to explore ideas [2, 13].
This provides a strong justification for investing in this social institution as an agent to
bring about change.

The Consultation on Sustainable Development in Prague in 2003 acknowledged the
failure of higher education sector to produce graduates with the skills, motivation and
knowledge to address the problems emerging in the work towards sustainability.
Unusually, the recognition that most world leaders had completed tertiary studies is
strong evidence that the education which empowered did not encourage the aspirations
or develop the capabilities required for sustainability.

The higher education sector is a complex realm, involving students, academics and
administrators, and their diverse attitudes, skills, experiences and knowledge, and
programs of study which traditionally transform students into graduates who assume
responsibilities in society. So, curricula delivered within this sector should derive
directly from the needs of the society that it serves. As such, there are many challenges
facing higher education if it is to actualise its potential for contributing to sustainability.

The higher education in design is a complex realm, involving students, academics
and administrators, and their diverse attitudes, skills, experiences and knowledge, and
programs of study which traditionally transform students into graduates who assume
responsibilities in society. So, curricula delivered within this sector should derive
directly from the needs of the society that it serves. As such, there are many challenges
facing higher education in design if it is to actualize its potential for contributing to
sustainability.
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4 The Tasks for Higher Education

4.1 Promoting Diversity

Generally, tertiary students represent a population with the intellectual capability to
assimilate the many dimensions of the concept of sustainability. They are at a formative
stage when they can be encouraged to experiment with ideas to find creative solutions
to problems in their chosen field of work. However, opportunities to develop this
capability are likely to vary for different degree programs due to the type of students
they attract.

For instance, applicants for a Consumer Science program in the UK come with a
wide-range of academic backgrounds [14] so, as a group, already have opportunities to
practice meeting the challenges of working from a multi-disciplinary perspective. This
diversity is not usually evident in disciplines, such as medicine, engineering and law,
where students are trained for practice based on traditional concepts and long-
established conventions. The importance attached to meeting targets for recruiting
students from diverse ethnic or economic backgrounds and other indicators of alter-
native social experience by some universities may be a positive first step towards
producing graduates capable of contributing to sustainability.

4.2 Understanding the Concept of Sustainability

The public misunderstanding and ambivalence about the term “sustainability” extends
to the higher education sector [15, 16], with few opportunities to challenge the
assumption by academics and the university community that environmental science is
the only place for studies about sustainable development [17]. According to Sherren
[13], this amounts to an academic focus on understanding the environment, rather than
the way humans interact with it.

So, even programs in design with an environmental focus are typically multi- or
inter-disciplinary [16]. This may not be obvious because the “flexibility (of sustain-
ability and related terms) allows for comfortable use in meaningless rhetoric” [13],
potentially masking an inability or reluctance to really teach principles of sustainability
in design.

4.3 Redesigning Courses

It is important to consider the practicality of developing programs of study which can
prepare graduates with the necessary knowledge and values, a capacity for critical
thinking and the motivation to deal with the multitude of diverse problems associated
with non-sustainable states.

Teaching in the higher education sector involves the transfer of knowledge
organised in units called subjects or courses. Although a subject can be considered as
“a resource... to educate for sustainability” [17] traditionally it derives from a single
discipline. Because sustainability depends on ways natural and social systems interact,
studies in a single discipline cannot provide the opportunities to learn how to devise
practical and effective ways of overcoming the barriers to achieving sustainability.
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Even if the program of study includes subjects from different disciplines, the challenge
for undergraduate students to integrate the acquired knowledge is considerable. For
higher education to “play a crucial role in building the knowledge, skills and attitudes
for a sustainable future” [18], recommends developing curricula based on concepts
related to sustainability, rather than the traditional set of concepts associated with each
discipline. This would require a complete revision of policy and practice in the higher
education sector.

At present, there are a few university programs designed to educate students to
adopt an interdisciplinary approach to understanding and solving problems. There are
even a few programs which directly relate to the notion of interdisciplinary cooperation
and social justice, training graduates for practice focused on promoting design products
for healthy individuals, societies and environments. Some programs involve the study
of household and broader scale resource consumption. However, with the obvious
exceptions in some environmental design and engineering programs [19], there are
many science based programs which do not include even a token reference to sus-
tainability. Applying the traditional scientific method promoted in these disciplines is
unlikely to produce solutions to the poorly defined, dynamic and “messy” problems to
be overcome [20].

In a review of initiatives in the tertiary sector [20], Thomas reports on the lack of
information, incentives, experience, interest or financial resources for sustainability
education within the university community [16]. Lacked shared vision across the
university, and conflicting values of various sectors within the tertiary infrastructure,
can also counter initiatives [2]. Effectively, these factors leave a void rather than an
opportunity for constructive collaboration, recognised as essential for integrating
concepts of sustainability across the curriculum. Given the daunting task of changing
the higher education institutions [16], developing new curriculum models as design
may be a more effective approach. Potentially, there are many sources of ideas which
could contribute to the new curricula. Drawing ideas from several models and para-
digms, guidelines which form a framework for the design of curricula to meet the
challenges of sustainability, are outlined in the following section.

5 Concepts for Curriculum Design

5.1 Social Cognitive Theory

Social Cognitive Theory [21], a synthesis of ideas from associations and cognitive
theories, contributes to understanding the relationships between individual behaviour
and environments. Given the importance of understanding interactions at the human-
environment interface, this knowledge seems particularly relevant to sustainability
education.

According to Bandura, “outcome expectations”, a person’s belief that a given
behaviour will lead to an outcome, and “personal efficacy”, a person’s belief that they
can undertake that behavior, combine in the concept of self-efficacy [22]. Individuals’
perceptions of their own capability to carry out an action are learnt from various
sources and relate to their personal experiences of success on prior occasions, their
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observations of others, their psychological and physiological states. A high level of
self-efficacy means a degree of autonomy and self-determinism attributes recognised as
important outcomes of higher education for sustainability [23].

Bandura has long advocated the importance of self-efficacy as a powerful predictor
of behaviour and performance because it determines an individual’s initial decision to
execute the behaviour, the effort expended and persistence in the face of adversity
when pursuing the outcome. Motivation, persistence and confidence of success are
important attributes in individuals, given the challenges they face in working towards
sustainability.

To develop self-efficacy in students, curricula should include hypothetical or real
problem solving exercises, structured with appropriate levels of professional and peer
support to assure positive outcomes [24]. This support might be provided through a
mentoring relationship with teachers in a ‘project-learning’ approach which encourages
greater risk taking and independence [14].

5.2 Boyer Model of Scholarship

The Boyer model of scholarship [25] provides another theoretical basis to guide the
design of curricula to educate individuals for sustainability. Scholarship is a key
concept of this model, and requires an inclusive view of the human condition, which
emerges when knowledge is acquired through the processes of discovery and inte-
gration. There are strong parallels with sustainability education.

According to Boyer, scholarly research focuses on pressing human problems.
Certainly, this describes the urgent and intractable problems associated with non-
sustainable states. The scholarship of discovery refers to disciplined inquiry, and
requires openness to ideas from less familiar fields on the part of students and aca-
demics, corresponding directly with the demands facing those working towards sus-
tainability. To demonstrate the scholarship of integration requires a capacity to
recognise the potential for linkages and synergies between disciplines and fields of
research, and to be able to form new insights, as a consequence. Being able to integrate
ideas to establish new insights is a process which is widely recognised as essential for
responding to the challenge of achieving sustainability.

Applying the ideas of Boyer directly to tertiary education, Smith [24] claims that
education should allow students to develop their capacity “to go beyond their own
interests... to build bridges between areas of specialisation... and to apply their
knowledge to life.” Setting these goals as learning outcomes provides a focus for the
education of graduates for practice within multidisciplinary frameworks, a requirement
for working towards sustainability.

5.3 Global Perspective

Adopting a global perspective is essential if higher education is to decide effective
ways to respond to unsustainable patterns of consumption. From a global perspective,
important objectives of education include the development of an appreciation of the
concept of conservation, a respect for indigenous peoples and their culture, knowledge
of the state of the natural environment, an understanding of global dynamics, and the
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protection of routes of transmission of culture, knowledge and skills to future gener-
ations [26]. The question is how these objectives can be translated into graduate
attributes.

As part of a proposal for citizenship education, McGregor describes three com-
ponents which together could orient individuals to global realities. The civil component
embraces community involvement, including contributions toward community devel-
opment and learning through community participation. The political component
involves skills such as conflict resolution and decision-making, as well as opportunities
to acquire the breadth of knowledge to enable an effective role in public life. Teaching
to promote acceptance of social and moral responsibilities is another important com-
ponent of citizenship education. By integrating these components, individuals can “see
that their consuming role is linked to their role as a socially responsible citizen” [26].
There are many parallels here with the ideas proposed by Sherren, as a basis for the
design of higher education for sustainability.

The complexity of the information required and the barriers to accessing it dis-
empowers consumers motivated to choose sustainable options. To achieve an equitable
balance in negotiations with stakeholders in a global environment may require pro-
fessionals who can adopt an advocacy role on behalf of their clients. Adopting a global
perspective means that higher education must offer students the opportunities to learn
the effective communication and negotiation skills required for this role.

Professionals need to reflect on their own knowledge and awareness of global
issues. This is important if they are to recognise how their contributions in public
forums affect consumers’ decisions, such as in comments they make to the media, in
textbooks and the commercial, community or government policies they write. This
means that it is important to educate students to recognise their personal values,
recognise conflicting values, and then revise them so that sustainability becomes a
priority when formulating solutions to human problems. Values education is probably
more effective in higher education because it involves individuals at a stage when they
have accumulated some life experience and gained some maturity. In one study, role
play was used effectively to raise university students’ awareness of their own values
and how these values influence the decisions they make [27]. However, even with a
well-planned approach and mission, there are many challenges for higher education in
implementing effective values education [28]. This may be one of the more significant
barriers to reorienting higher education as a resource for sustainability.

5.4 Sustainability Science

Developing a new discipline is one way to overcome the constraints of working within
traditional disciplinary domains [29]. Researchers at Harvard University proposed the
development of the field of sustainability science, which is characterised by an inte-
gration of ecological and social processes at the local and global levels, with an overall
aim of achieving sustainability [30]. Consistent with the Boyer Principles, it is based on
the idea that scientific research is undertaken as real problems are being addressed,
allowing for emergence of innovative solutions. Decisions are based on knowledge
constructed through a conventional scientific approach which provides the facts, as
well as “more informal, cultural knowing” [31], so involve value judgements [32].
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In interpreting the principles and objectives of sustainability science for higher
education curricula, students would be trained to seek validated and balanced scientific
information about the effects of interaction of society and the environment, have
opportunities to formulate responses to unsustainable patterns of consumption, to test
and revise them. Graduates trained in this way would recognise the needs and interests
of all stakeholders and seek to empower them with reliable, understandable and
objective information required for effective participation in the processes of decision-
making. Through their studies, they need to develop awareness that any action involves
uncertainties and risks with moral and ethical implications which must be acknowl-
edged in the decision-making process.

The value of integrating the principles of sustainability science into the framework
for higher education curricula is that it brings together “scholarship and practice, global
and local perspectives, and disciplines ...” [33].

Although it remains far from being recognised widely as an integral or legitimate
discipline, it provides a focal point to which the efforts in many fields can converge to
address the complex issues arising when working towards sustainability. In the con-
clusion following, these diverse ideas are integrated to form guidelines for curriculum
design.

6 Conclusion

Approaches to design sustainability, which have relied solely on changing consumer
behavior, have not been successful because individuals do not have access to reliable
and understandable scientific information, nor the skills or resources to apply the
information in everyday decision-making. Information is often unreliable due to dif-
ferent interests driving its construction and interpretation, and due to the influence of
the wide variety of sources through which it is disseminated. The limitations of the
human.

Traditional education has not provided the training for graduates to work towards
developing solutions to the new and complex world problems emerging. These
problems are multi-dimensional and cannot be addressed by a specific application of
conventional scientific, economic or social theory. So, while sustainability is dependent
on proactive responses from consumers, they need to be guided by professionals with
an understanding of emerging problems, and a commitment to reversing unsustainable
trends. Through their work in government, design industry and communities, these new
graduates will enable consumers, individually and collectively, to deal with the threats
to the environment, and to social and economic stability in the twenty-first century.

Higher education in design, as the training ground for professionals, plays a central
role in this process. To meet this challenge requires that learning experiences in higher
education be restructured. It requires teaching by academics from many disciplines that
collaborate to share ideas and make new connections within a flexible and dynamic
theoretical base. It also requires them to work beyond their own areas of specialization
to supervise students’ work across disciplines.

Design students need opportunities to explore the relevance of concepts such as
sustainability to their proposed field of professional practice. They need to recognize
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the importance of their role as graduates in empowering their clients with knowledge in
design and skills to address local problems, which threaten future wellbeing. They need
opportunities to make contributions to resolving real world dilemmas, with appropriate
adaptations for the learners and the learning setting, in place of standard assessment
tasks. To meet the challenges such tasks present, strategies to develop self-efficacy and
advocacy skills in students need to develop and tested [34].

Higher education must develop the capacity in graduates to prioritize actions after
balancing all the social, environmental and economic costs and benefits. So, the design
curriculum should include experiences, which lead to a greater awareness of social and
moral responsibilities. In particular, greater self-awareness of personal value systems
and a willingness to revise them is required to prepare design graduates for work
towards sustainability [35].

Finally, there is an imperative for every academic to consider how their area of
expertise as design relates to other disciplines and how their teaching could contribute
to developing graduate attributes necessary for work towards sustainability. This
requires support of the whole institution, and possibly considerable professional
development of staff to help them appreciate how they can actualize the potential of
higher education to lead the next generation to global sustainability in design [36].
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Abstract. The paradigm of museum as “a place without borders” meets new
possibilities in the age of globalization and digital media. The highly techno-
logical driven audiences present a continuous challenge for most Museums to
attract and engaged. The focus is now mainly on the experience — the Museum
experience, that can also be modeled and enhanced by the use of digital media.
This article presents a preliminary view on the presence of digital media in two
identified Water Museums: two case studies from the Global Network of Water
Museums (WAMUT-NET, an initiative of UNESCO). We’ve identified the
presence of similar digital technologies and tools, but different forms of inte-
grating them in each Museum’s scale, context and mission. Further research
should follow, to identify in situ, and in articulation with curators and visitors,
new findings.

Keywords: Digital media -+ Water museums - WAMU-NET -
Experience Design - Emotional design

1 Introduction

This paper presents a first step of a preliminary on-going study on the existence of
digital media in water museums. It identifies, through the available resources, digital
media in two water museums, which we believe represent interesting realities to study:
The Changjiang Civilization Museum, Wuhan, China; and the Waterline Museum
(Waterliniemuseum Fort bij Vechten), Bunnik, The Netherlands. Both of them integrate
an international non-governmental initiative — the Global Network of Water Museums
(WAMUT-NET) by UNESCO, which is a platform for promoting and disseminating
sustainable water management values. Information was gathered online, and after the
museums were contacted, more information was made available.

Today, water is a global issue: water crises are being debated transversely and at a
global scale in international agendas for ecology, health, politics, economics, educa-
tion, culture, ethics, among other. Governmental and non-governmental institutions are
increasingly taken the responsibility to raise awareness for water related issues: “water
scarcity, exhaustion of resources, water pollution, desertification, melting glaciers and
recurrent floods due to climate change, with the consequent dramatic reduction of
biological and cultural diversity and the exodus of entire populations” [1]. Among
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these institutions, museums are a strong and effective place (place in the broad sense of
the word) to disseminate water culture and educate for sustainability.

A great diversity of water museums started to appear all over the world. Each one
presents a specific form of water civilization: cultural, natural, material and immaterial,
presented through artifacts, techniques, narratives, etc. The mission of water museums,
facing the global water crises, is to focus on the emergency to communicate to a large
audience and educate for its importance, cherishing water heritage, promoting good
practices and positive action [1].

2 Museum’s Today

The notion that a Museum is a physical place that collects objects and presents them to
visitors for an expected passive attitude has change [2] along the XX century: from the
concept of the “museum without walls” in the vision of André Malraux, where the
works of art would be easily accessible without physical constrains [3]; to the vision of
George Henri-Riviére who pointed the importance of visitors participation and a strong
connection to the community where the museum is established — in his perception of
the concept of Ecomusée, he expressed the value of interpreting territory in connection
to time and place displaying the relationship between man and nature [4]; and later in
the century, the critical museology which emphasizes the function of the museum as a
place of cultural democratization, reflection, debate, negotiation, controversy [5], that
also assumes cultural and social responsibilities in the respect for the individual and in
a vision of inclusion [6].

Today, in many museums, the impact of those visions reveal a major shift from
object-centered to visitor-centered museology, accompanied by a participatory and
interactive presence of the visitors in the museum experience, designed for the visitors
[7, 8]. The experience is the focus, and museums look to attract more diverse audiences
[9] and to engage their participation, developing strategies to explore the connection to
tangible and intangible contents in a more accessible manner [9].

More recently, and in tune with today’s global issues, emerged another aspect we
believe relevant — the notion of a “Mindful Museum™: a Museum that, aware of con-
temporary issues and conscious of the museum privilege position in society, addresses
those issues with a set of values that “might include idealism, humility, interdisci-
plinarity, intimacy, interconnectedness, resourcefulness, transparency, durability, resi-
lience, knowing your community and knowing your environment.” [10].

Individuals of today are technological driven — from “digital natives” to “digital
emigrants” [11, 12]: they are accustomed to access and share contents; are active in
social media; and always surrounded by digital tools that empower them. Their lives
are immersed in digital media, which influences the way they process information, with
impact in their learning styles, preferences and habits [12].

Understanding their audience allows museums to meet the visitor in his/her own
terms, by creating strategies and designing the foundations for a museum experience
that, not just fulfills the visitors’ expectations, but also goes beyond what they can
foreseen [13], vital to captivate and sustain audiences [13]. In this context, the
museums understand the importance of participatory platforms [6, 9]. To be able to
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adjust to the modifications of social needs [14] and to look for new possibilities of
conveying culture and knowledge, they should adapt continuously. Which motivates
reflecting and exploring relevant issues of our time.

More and more, audiences perceive learning, culture, and self-fulfillment as pos-
sibilities for leisure [7], and consequently museums are increasingly a place for leisure
and cultural tourism, where visitors aim to broad their culture and knowledge by
learning about heritage (tangible or intangible) in a pleasurable and informal way [13].
According to Black, museum audiences primary visit motives are social and leisure and
“their museum experience is voluntary, exploratory, spontaneous” [13].

3 Experience, Emotion and Digital Media

Today, museums share the need to captivate and engage visitors. From this premise
museums understand or should understand the value of experience. The museum
experience is now part of the identified aspects that contribute to a museum’s success
[13], because visitors also look for an experience: an enjoyable, cultural, educational,
self-improvement experience while flowing in the museum at their own pace and
choice, self-exploring space and exhibitions — tailoring the experience to their own
interests [13]. Learning is both cognitive and emotional [7], and exploring positive
emotional states while conveying cultural, pedagogic, informative contents promotes a
positive emotional experience, which is engaging and simultaneously stimulates long
time memory and learning [15, 16]. A rich and memorable experience is an emotional
one [16], and the use of multi-sensorial information concurrently directed at different
senses, like vision and hearing, induces emotional richness [17, 18], promoting a more
engaging experience [17, 18]. For designing meaningful experiences, Nathan Shedroff,
a designer, writer, pedagogue in the area of Experience Design points the importance of
addressing five forms of value in a product or service, which is applicable in every user
experience [19]: price; function; emotion; identity; and meaning. He distinguishes two
groups: the quantitative values (price and function); and the qualitative values (emo-
tion, identity, meaning), being the latter intangible and more important when valuing an
experience. Focusing on the qualitative values: the emotion relates to “how” the user
feels about the it (usually subconscious); the identity, refers to the affinity of the user
with it; and the meaning, relates to the principles that define the user existence at the
most deeper level [19].

Digital media offers powerful possibilities to attract, engage and allow participation
in museums [9]. It opens new forms to connect with the museum without physical
presence, namely through websites, APPs, virtual online tours (many museums have
part of their collections digitize [20, 21]; some museums exist mainly on the digital
arena [21]), and presence in social media. It makes museums more accessible to larger,
distant, diverse audiences and promotes a more active citizen participation fostering a
space of convergence [6]. It supports customized experiences, online [20] and inside
museum walls. Inside, more flexible user-personalized visits can be enabled with
assistance devices and digital applications that meet visitors’ needs: information, ori-
entation, interpretation and interaction [8].
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The design of interactive interfaces can explore multimedia contents in connection
to artefacts and exhibitions, using techniques like Virtual Reality (VR) [21] Mixed
Reality (MR) [22] or Augmented Reality (AR) to give access to otherwise inaccessible
information, or additional interpretative materials, and/or enhance the museum expe-
rience, which might even explore multi-sensorial content [23]. In VR, the visitor is
immersed “into a completely artificial world” [21], while in AR, virtual information is
seen as an “over layer” on real-world environments, “augmenting” it, and MR it’s a
“combination of VR, AR and the real environment” in a more complex reality with
space continuity [21]. These technologies are being use along with techniques like
storytelling games strategies [24] to explore multi-sensory experiences promoting rich,
emotional and engaging museum visits [21-24]. The social aspect can also be
enhanced, e.g. by creating spaces to share opinions, like digital Kiosks [9, 21] or
contexts for shared experiences, like multi-users or collaborative interactive installa-
tions, e.g. using interactive surfaces (touch screens or projection on surfaces, like wall
or floors or tables).

4 Water Museums

Water is a precious resource in the planet, essential to life, and at the core of universal
human identity: the connection to the ancestral origin and also the presence in the
human body representing 50-65% of its composition [25].

The growth in awareness for the uniqueness and importance of water, as part of
human heritage led to the foundation of water museums all over the world. They are
fundamental for they present “distinctive repositories of different water civilizations
and of humanity’s multifaceted water heritage” [1]. Some examples are presented next.

The Living Waters Museum: Visualizing Narratives, Cultures and Ecologies of
Water Center for Heritage Management, Ahmedabad University in India is an example
of a water museum that is mainly a digital platform and a set of pop-up exhibitions. The
museum uses the digital platform as a means to approach its audience and to create a
flexible and easy connection for distant visitors. The museum project is focused on
education and raising awareness in young generations, and presents a strong sense of
community integration. And conveys an holistic approach, integrating several areas:
from science to art, environmental, social, spiritual, history [1].

The Water Museum of Venice, Civilta dell’Acqua International Centre, in Italy, is a
multi-site museum, constituted by a set of buildings and natural landscapes. In this
museum the use of digital media is principally focused to orientate visitors between the
different museum sites, namely using APP’s with virtual tours, videos or sound
descriptions to complement the perception in situ (adding extra information) [1].

The Museum of Water, in London, UK (but also travelling collection) is an art
project with a vital presence online to fuel the project and to engage the audience to
actively participate in it. This museum is structured as a growing shared memory
repository on water — it comprises a continuously construction of the collection: the
audience contributes to the development of the museum, providing worldwide water
specimens and giving meaning to them [1].
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Although water museums are very different in size, nature, location, type of
audiences and how they relate to them, purposes and specific set of values, they all
have one thing in common: aiming to contribute to the preservation of water heritage
(natural, cultural, tangible or intangible) and engaging individuals and communities to
actively participate in that effort.

4.1 WAMU-NET: The Global Water Museum Network

The Global Water Museum Network (WAMU-NET) is an initiative endorsed by
UNESCO with the mission of: “calling on authorities and citizens who believe
wholeheartedly in preserving all waters” to reconnect humanity with Water in all its
dimensions including social, cultural, artistic and spiritual, to create “a new sense of
civilization” [1].

Now, more than sixty water museums are part the WAMU-NET. As a recent
structure, they are starting to invest in visibility, namely through their digital online
presence (a website) where they present their mission, the members of the network, a
digital archive of tangible and intangible water related heritage and all the initiatives
they develop and/or endorse. WAMU-NET considers that today water museums urge
to disseminate their message to bigger audiences in a more coordinated mode [1] (each
one is a unique reality and some are very isolated). The Network allows it, promoting
good practices and creating a platform to extend each museums voice.

4.2 Two Case Studies

There was made a selection of two water museums as case studies. Criteria of selection
included the use of digital media, distinct location (country and continent), distinct
dimension (number of collection pieces and staff), and different type of heritage.
Information was gathered online, and after, the museums were contacted and more
information was made available. The first case study is The Changjiang Civilization
Museum, Wuhan, China, and the second, the Waterline Museum (Waterliniemuseum
Fort bij Vechten), Bunnik, The Netherlands.

The Changjiang Civilization Museum, Wuhan, China opened in 2015 and is
focused on the ecology and civilization of the Yangtze River and other major rivers in
the world. It can be considered a big museum, with more than 8000 pieces collection of
the Tibetan-Qiang, Ba-Shu, Jing-Chu, and Wu-Yue cultures, organized in three per-
manent exhibitions: “Into the Yangtze River”, “Perception of Civilization,” as well as
the experience hall of “The Magical Yangtze” with 9,141 exhibits in total, and one
hundred people staff.

The message the museum intends to convey is one of hope for a peacefully
coexistence between man and nature: “water nourishes mankind, giving mankind the
ability to create civilizations”.

It is a highly digital media equipped museum with state of the art technology.
Inside, the museum integrates a dark ride called “The Magical Yangtze” (4D ride), a
four dimensions sensorial experience tunnel ride in a ten minutes tour based on the
natural landscapes of the river Yangtze. But also other digital media technology and
tools: a dome theater fully VR immersive multi-sensorial experiences and VR
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experiences with head-mounted device (see Fig. 1 — right); multi-sensorial installa-
tions; AR (Augmented Reality) experiences; digital displays/totems and interactive
kiosks; interactive guide; 360° digital screen and 360° interactive digital projections;
interactive floor/wall/table projections; interactive touch screen tables and walls;
interactive wall with gesture-control movement of 2D or 3D characters; hologram
technology; access to digital information with the use of QR codes and other
codes/visual cues. Online, the museum presents itself through a website which includes
a virtual tour and maintains its presence in social media.

Fig. 1. Children experiencing floor interactive projection (left) and full immersive VR (right), at
The Changjiang Civilization Museum, Wuhan, China. Courtesy of The Changjiang C. Museum.

The digital tools in this museum support or present: storytelling/narrative tech-
niques, evocative content and abstract imagery; literal descriptions and captions; doing
and experiencing; games; fictional and real-world environments; immersive and
interactive experiences and multi-sensorial experiences.

In this museum digital media is mainly designed to: better captivating the audience
during the visit and engage them in the museum experience; better explain/inform
about specific data or contents but also allow access to otherwise inaccessible contents;
provide access to additional interpretative material, additional information to enhance
the museum experience; and provide possibility of shared experiences between visitors.

The Waterline Museum (Waterliniemuseum Fort bij Vechten) in Bunnik, The
Netherlands is composed by two distinctive elements integrated in a one musicological
project which opened in 2015: the contemporary building of the waterline museum, the
Fort bij Vechten (built in 1880) that surrounds more than twenty buildings and one
archeological site (castellum). The staff is composed by ten elements.

The museum presents the story of water in its role as an ally, protecting the
Netherlands against enemies for the last four centuries. The story focus on the New
Dutch Waterline (build between 1815-1939) and also features other defense Lines.

Inside the museum, the exhibit “Strong Water” was designed in alignment with the
museum’s philosophy: organised in three parts, “when, now and I do”, it presents a
fusion of education and entertainment. When relates to information on the past, now
offers information about the present, and I do implies an interactive participation of the
visitor.
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We can identify an hybrid approach of tangible and intangible heritage, indoors and
outdoor locations, analogic and digital, which intends to connect culture, nature,
education, and leisure, bridging man with nature (see Fig. 2). Although objects (arti-
facts and buildings) are central, the visitors are also invited to participate in interactive
designed situations focused on experience. Here, the use of digital media integrates the
outside environment in Virtual Reality and maintains the visitor connected to the sense
of place: the visitor experiences a parachute jump in immersive multisensory VR (using
a head-mounted device and taking one of the moving chairs) (see Fig. 2 — right) —
there’s a virtual rise through the museum window on to great heights and a simulated
fall during which the visitor can overview the entire Waterline while hearing audio
explanation and the simulated sound of wind and birds.

Fig. 2. Waterline Museum, The Netherlands: the outdoor bridge to access Fort bij Vechten (leff)
and visitors (of different ages), experimenting full immersive VR in the exhibit “Strong Water”
(right). Courtesy of the Waterline Museum.

The digital technology and tools which are integrated in the museum experiences
indoors are: Mixed Reality experiences; VR with head-mounted device (glasses);
interactive displays/totems and interactive Kiosks; interactive wall, table projections;
interactive table touch screens; and codes/visual cues to access digital information. But
the museum also invests on digital media outside its doors: a website and active
presence on social media.

Although digital tools are use to present descriptions and captions, their main use
explores storytelling/narrative techniques in fictional but also real-world environments.
Some of them created with the help of a VR immersive system, which constitutes a
multi-sensory experience (see Fig. 2), but also by inviting the visitor to do and
manipulate things like interactive objects and participate in gaming experiences (see
Fig. 3 — left).

Majorly, the digital media in this museum is designed to: present content otherwise
inaccessible, and additional interpretative material, but simultaneously to provide
information that enhances the museum experience and create emotional experiences.

They mostly consider digital media in this museum to be highly valuable for the
museum experience and a vital part of the museum’s identity.
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Fig. 3. Exhibition “when, now and I do” with interactive objects/projection on table, inside the
Waterline Museum, The Netherlands (leff), and children playing with interactive malleable
surface, “creating” rivers and lagoons at The Changjiang Civilization Museum (right). Courtesy
of the: Waterline Museum, The Netherlands (left) and The Changjiang Civilization Museum
(right).

5 Discussion

In both museums there is a clear objective in designing the visitor experience as
educational and pleasurable. The main purpose of the use of digital media in the
museum, identified by each one and common to both is: to allow access to otherwise
inaccessible contents; to provide access to additional interpretative material; and to
offer additional information to enhance the museum experience. The distinctive main
purposes are: for The Changjiang Civilization Museum, the use of digital media to
better captivate the audience during the visit and engage them in the museum expe-
rience, and also to provide possibility of shared experiences between visitors; while for
the Waterline Museum, the creation of emotional experiences.

Similar to both, the digital media main use explores: storytelling/narrative tech-
niques in fictional but also real-world environments (in dark rides and VR immersive
experiences — the case of The Changjiang Civilization Museum; and in VR immersive
experiences — the case of Waterline Museum) creating multi-sensorial experiences;
doing and experimenting (manipulating interactive objects); gaming experiences; and
also literal descriptions and captions to identify pieces.

Digital interaction seems to be a central presence in both museums, inviting the
visitors to engage in floors, wall, tables or with interactive objects in a Mixed Reality
setting (see Fig. 3 — right) or interactive malleable surfaces exploring haptics. In both
cases, depicted in Fig. 3, the use of interactive Mixed Reality is applied with a similar
strategy: invite the visitor “to do” in order to achieve (in a activity that can be col-
laborative also) an understanding of the mechanism of water circulation and concen-
tration (each case with different level of complexity). This is a good example of
learning and entertainment simultaneously.

The digital media in use in The Changjiang Civilization Museum seems more
targeted to children: the graphics, lights/colors and type of interaction are more playful
(for example: jumping in the interactive floor projection; see Fig. 1 - left), which might
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be less appealing to older visitors. While in the Waterline Museum, there’s an intended
sobriety and, although the same technology is present (full immersive VR experience),
the participation of different demographics might be achieved. Personal and cultural
differences between visitors are aspects that need to be considered in further research
(which will include interviews to visitors).

In terms of digital presence online — in each museum’s website, we have identified
that, in both cases, English language information is scarce.

6 Final Considerations

There are similar digital technologies and tools present in both case studies, but dif-
ferent forms of integrating them in each museum’s scale, context and mission. The
importance of cultural tourism and the diversity of potential visitors, justifies attention
to multilingual information in museums websites and other online platforms.

The importance of educating for a water sustainable life reinforces the value of
incorporating water museums with engaging experiences that attract the audiences and
motivates them to actively participate in their mission. Taking into account that today’s
museums audiences are technological driven, in particular young audiences, designing
pleasurable and educational experiences with digital media appears to be a promising
direction. Interactive and immersive experiences seem to carry large potential and
interest by museums and their audiences.

Further research should follow, to identify in sifu and in articulation with curators
and visitors, new findings. And future research spectrum will encompass other water
museums.
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Abstract. Digital device ubiquity increased the need for HCI’s analysis. The
establishment of a structured body of knowledge is essential for the develop-
ment of more efficient interfaces and interaction experiences.

The methodical analysis of interaction’s possibilities requires models fostered
by robust classification systems. Its development is vital for the establishment of
a common language between researchers and designers, towards praxis and
innovation (clarifying the relationships between entities and interaction
solutions).

We propose an HCI Model, supported in agents positioning neutrality, as well
as the required concepts and processes’ deconstruction.

HCI is constructed on a succession of goal-related communicational events,
here termed Interactive Processes. We propose an analytical classification sys-
tem determined by the relation that Interactive Processes establish with each
other within an HCI, as well as the ones established between the Interactive
Processes of different HCIs, and also by the number of Interactive Processes’
Conjugated Pairs developed within an HCIL

Keywords: Human-computer interaction - Classification systems -
Interaction design * User interface design

1 Introduction

We propose a functional representation model that encompasses both the analysis and
the development of HCIs, adopting a research-centred approach and conceptualization
with a focus on interactive processes.

Parting from a classic conception of interfaces, recapped by the simple interme-
diation between humans and machines, towards an evolutionary perception of trans-
parent interfaces capable of increasingly spontaneous and natural relationships, one
focus on the need to overcome the human dominance paradigm that contaminates HCI
theory. The proposed framework is backed by a top-down model with the following
hierarchical levels:
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(1) HCI incorporates Interactive Processes;
(2) Interactive Processes are developed through the use of Modalities;
(3) Modalities support themselves in Information Dimensions.

2 C(lassification: A Requirement

The methodical analysis of interaction’s possibilities between humans and computer-
ized systems requires models fostered by robust classification systems. Its development
and usage are vital in the establishment of a common language between researchers
and/or developers, towards praxis (merging practice and theory) and innovation
(clarifying the relationships between entities and interaction solutions) [11].

Classification assigns entities into groups or classes from a similarity point of view,
searching for the smallest variations inside each group and the maximum variations
between different groups, establishing itself as a prerequisite for advanced conceptu-
alization, reasoning, language, or data analysis [2].

3 Classical HCI Models: The Human Dominance Paradigm

Interfaces are mediators at the core of the bidirectional communication in which users
and computerized systems engage, requiring from both the comprehension of the
processes and communication mechanisms between the parts that are intrinsic to the
interface, and the comprehension of the information received from the counterpart [5].

Irrespective of human development or whatever technological constraints might
exist at the time of their inception, interfaces must undertake the intermediate role
between the two agents, as each of them unavoidably hold incomplete information
about the other and his or its natural communication ways.

The development of increasingly intelligent interfaces, capable of promoting
interaction’s efficiency and naturality, and to congregate the benefits of adaptability,
context suitability and support for task development, is a well-established HCI’s goal
[8], as is the transparency of the interface (as an immediacy feature; i.e., the absence of
mediation or representation, towards more natural and realistic interactions) [3].

It’s essential to bear in mind the interface’s structure and goal, establishing the
relationship between the user and the functional core of the computer system, through
the integration of software and hardware [9], as portrayed in Nigay’s fundamental HCI
model (Fig. 1).

The interface is positioned as a mediator of relations, but the model’s simplicity
doesn’t reveal the nature of the processes occurring between the two agents. Hence,
[9, 10] propose an extended model — the Pipe-Lines Model (Fig. 2).

The Pipe-Lines Model highlights a functional equivalence between the transfor-
mations carried out by the user and the ones carried out by the computer system,
representing the interpretation function and the rendering function (the former sup-
ported by the input interface and the latter by the output interface).
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Fig. 1. Relation between a computer system and a user
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Fig. 2. Pipe-Lines Model for HCI

Nevertheless, the interface is envisioned in the restricted world of the computer
system and [9, 10] don’t consider the associative and congregational character of the
several input and output channels used by both the computer system and the user; i.e.,
the interface is considered a computerized element. Additionally, the positioning of
each agent establishes conceptual role differences for the two agents of the HCI: the
user emits a request that is acquired and processed by the computer system, and the
computer system provides an answer to the user. Hence, the action sequence puts the
user in control of the HCI and the functional nucleus of the computer system has a
reactive role.

Another classical example of an HCI model is the [12] general model for the
analysis of human-computer communication processes (Fig. 3).

A visual analysis of the model fosters the idea of not being one so strongly
anchored in the human’s standpoint, as it appears not to give him a complete domain of
the interaction. It presents a functional and cognitive parallel between the computer and
the human, with an interesting schematic positioning choice of the computer over the
human.

But the model’s description deflates those impressions. The HCI is prompted with a
human’s request action and is followed by the computer bestowed answer [12]. HCI
conception remains as an event-sequence in which the human controls and manipulates
the computer and the highlighted processes (perception and control) develop at the
human’s level.
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Computer Input ’ Computer Output
Modalitis (CIM) Media (COM)

INTERFACE

Human Output
Channels (HOC)

Human Input
Channels (HIC)

Fig. 3. A model for the identification of basic processes in human-computer interaction

Conversely, and notably, it is argued in [12] that similar cognitive or computational
processes occur within both agents and it is declared that a human’s process perspective
is adopted in the analysis. Also, of note, the interface is no longer presented as a
computer element.

The introduction of computer processes’ perspective [6] expands the model’s scope
(Fig. 4), highlighting the occurrence of acquisition and feedback as symmetric pro-
cesses of control and perception.

Human Output Computer Input
Modalities Channels
CONTROL ACQUISITION > 8
MULTIMODAL =
INTERFACE g
FEEDBACK ;
4 PERCEPTION GENERATION El
Human Input Computer Output
Channels Modalities

Fig. 4. The multimodal human-computer communication process

Symmetric, although not equivalent, as the different processes terms suggest.
Moreover, the noted differences direct us to a human’s dominance, with the request
being inevitably part of the user’s prompted process (the input flow) and the response
as part of the computer’s prompted process (the output flow).

Nevertheless, some of the terms adopted in [6] further the functional and cognitive
proximity between the acquisition and the emission processes developed by the human
and the computer (e.g., in [12] we saw the concepts of human output channels versus
computer output media and in [6] we see the concepts of human output modalities
versus computer output modalities).

The human dominance paradigm in HCI analysis is common in academic research
but the degree to which it is portrayed isn’t homogeneous or undisputed.

In [4], there is the stipulation of equal importance to human and computer in HCI
model analysis (Fig. 5), with both user and computer information transmission,
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acquisition and interpretation processes receiving identical label. It’s a conceptual
decision that promotes the perception of equivalent roles and functional capabilities.

materialization interpretation
d

interpretation N materialization

Fig. 5. User-system multimodal dialog

Nonetheless, the classic western world’s “top-to-bottom and left-to-right” reading
process promotes the idea of the user requesting and the computer answering, high-
lighting a residual bias of the human initiating and dominating the HCI.

The academic human dominance paradigm in HCI arises from historical and
contemporary technological and perceptive limitations of computer systems (as if
academic analysis capitulated to engineering constraints); but academic analysis should
disturb conceptual and technological implementation options, and challenge contem-
porary psychosomatic and sensorimotor limitations of both humans and computers.

4 Towards a Neutral Positioning HCI Model

The classic Shannon-Weaver communication model (Fig. 6) reveals the basic concepts
of technological communication processes and should be adopted in HCI analysis [7].

4 4
The Shannon-Weaver Model carries an immediate advantage over classic HCI
models: the use of non-restrictive concepts, evading the automatic attribution of a
sender and a receiver role to, respectively, the Human Agent (HA) and the Computer

Agent (CA). The CA is defined as a computerized system capable of assuming, at least,
one of the following interaction roles:

disturbance

— CHANNEL

Fig. 6. Shannon-Weaver Model

(i) the agent that acquires information, conveying a request, from an external entity
and processes it (whether it came from an HA, from another CA, from the
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environment, from an animal, etc.), and, subsequently, emits information back to
the external entity as an answer;

(i1) the agent that emits information, conveying a request, to an external entity and,
subsequently, acquires and processes the information that the external entity emits
towards him as an answer.

A fully advanced CA has the ability to engage on both of the described interaction
roles.

Additionally, being originally conceived to describe the communication processes
developed between humans, the Shannon-Weaver Model doesn’t discriminate between
agents.

However, this model reflects the vision of a classic unidirectional communication
process, not revealing the dynamics of an interaction that occurs in a sequence of two
events (request and answer). An immediate restructuring option [11] was the repre-
sentation of a two-flow sequence experience (Fig. 7).

INITIATIVE INTERACTIVE PROCESS

@ ke
w m
= Output 5 ¢ Input &
= Channels R Channels <
= m
w E)
[ m
= =
= Input Output 3
Q Channels Channels m
(-3 o

RESOLUTIVE INTERACTIVE PROCESS

Fig. 7. Basic HCI model

The Basic HCI Model’s positioning neutrality manifests itself in the refusal of role
assignments to HA and CA, preventing the supposition of an HA’s control over the
developed HCI. It conveys the notion that either agents are able to present a request and
receive the expected answer or to acquire a request and present an answer.

HCT is the product of a sequence of communicational events, termed Interactive
Processes (IP), occurring in opposite directions:

1. First, the Initiative Interactive Process (IIP), where the emitter presents a request
(resorting to one or more output channels) that is acquired by the receiver (resorting
to one or more input channels;

2. And next, the Resolutive Interactive Process (RIP), where the receiver of the pre-
vious request takes the role of an emitter and presents an answer (resorting to one or
more output channels) that is acquired by the original emitter that, now, takes the
role of a receiver (resorting to one or more input channels).
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4.1 Simple and Complex HCIs

A Simple HCI is one that accomplishes its interaction’s goals through the development
of a pair of a single IIP and a single RIP, termed Interactive Processes’ Conjugated Pair
(IP°CP); i.e., a sequence of a single request event by the emitter agent followed by a
single answer event promoted by its counterpart (an HCI such as the one portrayed in
Fig. 7). A Complex HCI (Fig. 8) requires the development of two or more IP’CPs; i.e.,
the interactions goals aren’t immediately achieved through the development of a single
request and answer sequence, requiring the occurrence of a back-and-forth message
exchange flow sequence.
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Fig. 8. Complex HCI, comprising two IP’CPs

During this exchange flow sequence of IPs, interaction’s goals will be step-by-step
erected, with each of the involved IP’CPs accomplishing a set of functional sequenced
goals. The first IIP, termed Inaugural IIP, sets the HCI in motion, but the RIP that
follows, termed Continuant RIP, isn’t sufficient to accomplish the interaction’s goals.

Thus, the emitter of the Inaugural IIP presents another or a sequence of several
others IIPs, each termed Continuant IIPs. The receiver of the Inaugural IIP follows with
the same number of RIPs, all of which are termed Continuant RIPs, except for the last
that is termed Concludent RIP.
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4.2 Complex HCI versus Sequence of Autonomous HClIs

Digital devices ubiquitous reality promotes an ever-growing HCI continuous routine.
Hence, an HCI is frequently followed by another, and another, and so on, fostering the
need for constant analysis of the actual contexts in which HCI is being developed.

First, a reminder: all that glitters is not gold. A sequence of several IP’CPs between
an HA and a CA isn’t necessarily a single Complex HCI (such as the one portrayed in
Fig. 8) and is frequently a sequence of autonomous HCIs, with each promoting the
achievement of its own interaction’s goals. Such a sequence of autonomous HClIs could
either integrate Simple HCIs or Complex HClIs, or even an assortment of both.

Additionally, with the recognition of the possibility of total equivalence between
the HA’s and the CA’s cognitive and technical abilities in HCI development (e.g., with
either being able to initiate an HCI, or to define the interaction’s goals), two possi-
bilities should be considered:

(1) A sequence of autonomous HClIs initiated by the same agent (Fig. 9);
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Fig. 9. A sequence of two autonomous Simple HClIs initiated by the same agent

(2) Or a sequence of autonomous HCIs initiated by different agents.

If the autonomous HClIs of the sequence are initiated by different agents, we still
need to discern between:

(1) A full-fledged IP’s autonomous development (Fig. 10);
(2) Or a partial entanglement of IP’s, with IPs execution overlap (Fig. 11).
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Fig. 10. A sequence of two autonomous Simple HClIs initiated by opposing agents
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Fig. 11. A sequence of two autonomous entangled Simple HClIs, with IPs overlap

Both possibilities portray the occurrence of two autonomous HClIs, with each one
possessing its own set of interaction’s goals, but the entanglement in the latter reveals
the possibility for the assumption of two simultaneous roles in a single communica-
tional event; i.e., a message takes the simultaneous role of an answer and of a request.
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5 Conclusion

HCI has long parted from a strictly human’s initiative set of events. The emergence of
Al, coupled with quantic computing, sets the prospect for computers’ playfield level-
ling, and a clear reminder of humans’ biological weaknesses. It’s not a question of if
computers will be our equals (or even surpass us), but more of a when question.

This paper presents an HCI Neutral Positioning Model, parting from the prevailing
human dominance paradigm, and is part of an ongoing research effort for the devel-
opment of HCI analysis tools, towards a comprehensive Multimodal HCI framework.

The proposed model focus on Interactive Processes, specifically on the relations
they establish internally and externally, recognizing their role as the fundamental
blocks of the HCI structure.
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Abstract. During the last few decades successive technological advances have
brought innovation that facilitates our day-to-day life but also induces business
transformation, bringing employment instability and constantly changing
required skills. The intent of this paper is to help understanding what challenges
workforce must face, which core skills must be mastered and what has been
done so far. Reflecting about past challenges, present difficulties, and solutions
found along the years may help us in preparing for the future. We first reflect on
the changes caused by increased technological advances in every sector of
activity during the last decades; then we analyze existing approaches in defining
future challenges, present and future critical skills and solutions implemented by
policy makers, universities and industry. We also analyze the most common
barriers to that implementation, how to overcome them, and how may we
prepare to those future challenges.

Keywords: Collaboration + Academia-business + 21*" century - Education -
Skills - Economic growth

1 Introduction

In the last decades successive technological breakthroughs have occurred, causing
profound changes in our societies and in our economies, transforming the way we live,
learn, work and do business.

In our modern every-day life, we are constantly using, and surrounded by, some
form of technology. In school, at home or at work, many of our activities are
increasingly dependent on the use of diverse forms of computing devices or machinery.
In general, the effects of these technology-related changes have brought a beneficial
contribution:

“The diffusion of digital technologies has encouraged a higher level of connectivity
between people, opening new opportunities for meaningful social activism and effec-
tive peer-to-peer collaboration... People, ever more connected, can collaborate to
improve their lives” [11].

But the non-stop and increasingly fast technological advances also induce dis-
ruptive transformation on businesses and professions, creating new jobs, changing
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traditional ones, and even eliminating some, thus occasionally having a negative impact
on employment and putting pressure on economies. That kind of business and pro-
fessions transformation also requires the workforce of today to constantly adapt to the
changing business needs, by acquiring and updating the required critical skills.

The future workforce, the students graduating every year from Higher Education
Institutions (HEI), being in some way more familiar with new technologies than pre-
vious generations, have less difficulties in dealing with that change; but on the other
hand, they need to face the challenge of entering an almost new world, a world where
they need not only keep on learning, but especially apply the acquired knowledge in
carrying out their jobs. The bigger the gap or divide between the education and
working environments, the greater that challenge will be, hence the important role that
a closer connection between industry and universities represents.

As one of several generic approaches within a PhD thesis where we study how to
prepare future designers for increasingly collaborative workplaces, this article analyzes
the challenges faced by the workforce of today and tomorrow, the importance of
preparing future graduates to a real-world multidisciplinary environment and the role
played by business-university collaboration in that process. It briefly describes types
and levels of already established collaboration processes, in developed and developing
countries. It lists some existing barriers to its implementation and improvement, and
why they are harder to overcome in less developed nations or where Higher Education
(HE) institutions-industry collaboration is not yet a common practice. And it further
suggests a path to initiate and gradually improve those relationships.

2 Understanding Collaboration

In the 21* century economies have become more and more knowledge-based and the
need for the education of highly skilled graduates, ready for the challenges of a global
world, has greatly increased. “Today, much success lies in being able to communicate,
share, and use information to solve complex problems, in being able to adapt and
innovate in response to new demands and changing circumstances, in being able to
command and expand the power of technology to create new knowledge” [1].

“Universities call on technology and curricula to drive the next generation of
innovation” [12].

To meet their needs, successful businesses often collaborate with several univer-
sities and there are also universities collaborating with each other to provide better
prepared graduates; but to keep up with the needs of modern economies that will likely
demand employees with a broad and continuously changing skillset, an enterprise-like
education concept, based on collaborative education and collaborative research needs
to spread and exist in every higher education institution.

In A Review of Business—University Collaboration [2], Professor Tim Wilson refers
to universities as being “an integral part of the skills and innovation supply chain to
business” (preface) and stresses the fact that this supply chain multi-dimensional
attributes (sustainability, strength, quality and resilience) may only be guaranteed by
close collaboration between business and universities.



372 S. Antunes and R. Almendra

We have stated that modern global business has a knowledge-based nature, thus
characterized by a growing need of knowing how to communicate, share and use
information, and that business success, which in turn promotes economic growth,
depends on the capacity of universities to supply highly skilled graduates; when
describing the skills those graduates need, we will recognize that among those required
skills lies one of utmost importance — the ability to quickly adapt to diverse work
environments that will most likely have a multidisciplinary and collaborative nature.

We also recognize the need for business and universities to collaborate with each
other. Collaboration is therefore seen as a key feature that is crucial both in the
business-university relationship and in the multidisciplinary work environments of
today.

But what is in fact collaboration? In an effort to understand and define collaborative
design, Kvan [3] analyzes the Latin roots and meaning of the word ‘collaboration’, as
defined in the “Oxford English Dictionary: ‘to co-operate, especially in literary, artistic
or scientific work’ deriving from the Latin words ‘col labore’, to work alongside one
another” [3]. Kvan proceeds his own pursue in defining collaboration — “can be thought
of as a joint problem solving. It means working with others with shared goals for which
the team attempt to find solutions that are satisfying to all concerned.” [3] - and alerts
readers for the distinction between collaboration, cooperation and coordination. Using
Mattessich and Money definitions in Collaboration: What makes It Work [4], stressing
that collaboration requires a greater commitment to a common goal and a higher level
of trust, as well as it implies an increase in risk.

In accordance with those definitions, the relationships that characterize cooperation
are informal, as opposed the formal relationships that exist in coordination and to the
even stronger and widely spread relationships in collaboration. In cooperation there is
not a commonly defined mission, while in coordination a compatible mission is
assumed, and in collaboration there is definitely a commonly accepted commitment to a
defined mission.

As far as structure and authority, similar guidelines apply: structure is undefined in
cooperation, where information is shared as needed and authority, as well as resources,
is retained by each organization, risk being low or inexistent. In coordination, structure
involves establishing communication channels, dividing roles, and sharing resources
while authority is retained by each organization. On the contrary, in collaboration, the
authority rests or is defined by the collaborative structure, increasing the risks [3, 4].

In Teaching Collaboration Skills from Cradle to Career [5], a similar approach is
that of Emily Lai, Director of Formative Assessment and Feedback for Pearson, who
says we all have a general idea of what collaboration is, in its basics: it could be simply
defined as the act or capacity of working with others to achieve a common goal.

Emily Lai further considers that collaboration may be composed of ‘Interpersonal
communication’, ‘Conflict resolution’ and ‘Task management’. The first refers to
communication between team members, either verbally or non-verbally; the second
describes the ability to efficiently deal with any conflict within the team having in mind
its common goals, and lastly, task management includes defining goals and tasks and
managing how the team accomplishes those tasks to attain the defined goals [5].
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In our constantly changing world, collaboration is then a crucial tool for organi-
zations and also an essential part of the future workforce skillset; what can be done to
encourage collaboration, both at organizational and individual levels?

3 The Roles of Education and Industry in Globally
Competitive Economic Societies

“Ideally, every full time undergraduate student should have the opportunity to expe-
rience a structured, university approved undergraduate internship during their period of
study” [2] — Professor Wilson says. Do existing collaborations include those oppor-
tunities? Are they similarly used in most countries and diverse knowledge areas?

While it may appear that in science-related areas of knowledge different types of
work-like experiences are more commonly used than, for instance, in arts, we will see
that the real difference is more closely connected to the technological and economic
development conditions of the country itself — developed countries having a longer and
deeper tradition of introducing those work experiences than developing countries. For
those situations where experiences like internships, apprenticeships and placements are
less common, perhaps other types of working experiences could be tried with relative
success, even if implemented only within their academic environment.

Let’s revise the challenges faced by today’s and tomorrow’s workforce, and then
visit some existing academia - HEI collaborations and what benefits both sides may get.

3.1 Challenges Faced by the Workforce

3.1.1 Adaptation to the Work Environment

As previously outlined, while technology is, for the existing workforce, what originates
the stronger need to update their skills and acquire new ones, for recent graduates the
biggest challenge is instead their entrance in the working arena, varying a little with the
path they follow.

In fact, after concluding their academic career, HE students follow different paths to
initiate their professional careers. Some will start their own businesses, others will join
existing industry organizations; a reasonable number of them will be working in
multidisciplinary and multi-generational groups requiring a variable period of time to
adapt.

Indeed, adaptation is always needed in any kind of working environment, as they
are leaving the university world and entering the real day-to-day working life; because
their learning path is usually focused in specific fields of knowledge, and multidisci-
plinary working experiences introduce a level of collaborative need that they were not
used to face in university, they need some time to adapt.

Even in situations where they join a company which has a specific core business,
they will be required to collaborate with others in some level of diversity environment.

As an example, imagine a graphic designer joining an existing ‘design-only
company’, in which there are no professionals from fields other than design; he or she
will still need time to adapt; adapt to that new (working) life and also to their design
colleagues who will probably have different specific design backgrounds, having in
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common not much more than basic design concepts. Consider a design firm that has its
core business focused in fashion design: it will probably need designers from other
specific fields, such as graphic, multimedia, web, product and many others; most will
know little or nothing about each other’s very field-focused concepts and methods.

Transposing the situation to another possible scenario, a large health services
provider will include not only doctors and nurses, but a large variety of professionals
with diverse background and fields of knowledge, to include designers of several fields,
such as communication, web, product, etc.

They will all need a certain amount of time to learn a common language, how to
work together in a common task or project; that period may vary, depending on several
factors, one of them being the level of previous experiences each of them might have
had in working with people coming from other fields. Adaptation will probably take
longer for a professional that had just got his university/college degree and suddenly
finds himself working with a few colleagues from a very different area, as for instance a
newly graduated graphic designer just joining in an IT company.

3.1.2 Getting the Right Skills

In 21* Century Skills for Students and Teachers [1], a bridge is established between
traditional education models (focused on learning identified content for subject areas)
and the desired 21 learning framework that would still include the traditional subjects
while emphasizing several core areas, ranging from civic, health, environmental and
visual literacies to global awareness. It is important to note that global awareness is
there defined as “the need for students to be able to learn from, and work collabora-
tively with, individuals from diverse cultures, religions, ideologies, and lifestyles, in an
environment of openness and mutual respect” [1].

It also worth to point out that the same study characterizes communication and
collaboration (that can be learned through a variety of methods) as critical learning and
innovation skills for the 21° century. It then refers that collaborate with others includes
to be able to work effectively with diverse teams to accomplish a common goal,
showing respect, flexibility and will to compromise, while valuing individual contri-
butions and assuming shared responsibility for collaborative work.

This “‘ability to collaborate’ is again referred to as a crucial capacity, when the
authors describe other categories of skills for the 21% century—Life and Career Skills
and Information, Media and Technology Skills—, stressing out the diversity that
characterizes today’s global nature of learning and working environments [1].

The above-mentioned needed skills are then reasonably identified and include the
ability to use and share information through communication, having creative thinking
and an open-mind, being capable to adapt to new and evolving environments and ready
to take advantage of the power brought by the digital era: “The North Central Regional
Education Laboratory and the Metiri Group have also identified a framework for 21*
century skills, which is organized into four categories: digital age literacies, inventive
thinking, effective communication, and high productivity” [1].

We cannot be sure of what the labour market will look like in the future decades
and are, consequently unable to predict which will be the ideal employability skills;
what we know is that the pace at which labour market evolves is strongly connected to
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technology advances that grow almost exponentially and cause disruptive impact on
jobs.

Not long ago, the concept of a single, field-focused education leading to a working
career in a certain specific activity carried out on a typical 9-5 time schedule was
broadly accepted as a standard and a full pension expected everyone at the end of that
easily predicted working journey; some kind of pension is still expected today, but not
as certain and predictable, as a single full working career has become uncommon; the
workforce is now multi-generational as people keep working until an older age, multi-
cultural as a result of globalization and the agility brought by easier travelling; jobs and
organizations have become fluid as disciplines are converging due to the increasing
connectivity brought by technology; in the uncertainties of today, individuals work on
a full time basis, being constantly connected regardless where they are; moving from
project to project, they need to acquire a diverse skillset that includes collaboration,
flexibility and resilience to maintain ability to respond to continuous change.

“Technological growth, and the accompanying changes in business models, make
the continuous adaptation of skill sets absolutely fundamental for successful partici-
pation in the labour market” [9].

In a very interesting evidence-based approach to investigate what will the UK
future jobs will look like in 2030, Siemens HR Director and UKES Commissioner
Toby Peyton-Jones examines the trends that are shaping the future and outlines some
possible scenarios that may have implications such as [9]:

— Increasingly agile and hybrid core business skills, based on collaborative business
models and increasing project-based employment, as well as entrepreneurism as a
lifestyle;

— Converging technologies and disciplines causing business opportunities to make
innovation happen at a faster pace and where the multi-national and multi-
disciplinary nature of the working teams demand a crucial ability to collaborate;

— Automation brought by Information and Communication Technologies
(ICT) influences all sectors of activity, transforming online education and creating
new jobs that may be carried out remotely by a so-called virtual workforce — which
mean that knowledge in ICT and sciences is a basic skill for innovation.

3.1.3 How and When Are the Required Skills Acquired

We know the essential requirements for communication to take place include an
emitter, a receiver and a common language; the first described component of collab-
oration (interpersonal communication) would then require that a common language
(verbal or non-verbal) must exist, to allow team members to collaborate.

That might not always be the case, when newly graduates join a multidisciplinary
team. Even among professionals with similar backgrounds the use of specific technical
terminology may initially impair the desired level of communication, which in turn
jeopardizes successful collaboration.

Similarly, to achieve desirable abilities of conflict resolution or task management,
the team would require an adaptation time that may vary with several factors such as
the previous collaborative experiences of each of its members, the complexity of the
working environment and which collaboration skills learning tools are made available.
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The answer to how and when the skills required to facilitate adaptation and quickly
fulfill business needs are acquired lies closely related to the individuals previous
background; a simple answer would be as early as possible, preferably during the
education phase and as much work-related as it could be.

Previous collaborative work experiences might occur during undergraduate studies;
in some countries, HEI often have partnerships with industry, providing placements
and internships of variable duration. Among others, the US and UK examples are
indicated as having a very well structured, regulated and monitored higher education,
where several kinds of partnerships with industry exist and are constantly reviewed and
optimized. Besides the advantages for graduates, both universities and business have
their rewards. By collaborating with those education institutions, business participate in
defining the curricula and internship programs that will provide graduates with ade-
quate skills to fill their needs; in turn, universities will benefit from that collaboration,
as having enterprise requirements reflected in the taught subjects will attract applicants
to the courses they offer. Economy as whole will grow as a result of this synergy.

The challenges faced by current and future workforce raise further questions that
need to be addressed:

What kinds of collaboration exist between academia and universities? Do those
relationships help students to acquire the critical business required skills of the modern
and future enterprise world and facilitate their entry in those work environments?

Where that collaboration is little, inadequate or non-existent, is it important to
introduce some work-like experience within the academic journey of future graduates?
Would that facilitate their entry into the real-life working world? Will that also help to
provide them with the adequate skills to better fulfill their employers’ needs?

4 Paths and Levels of Business-University Collaboration

The importance and need for collaboration between academia and industries have been
recognized several decades ago; several developed countries have been implementing
this collaboration and getting the benefits both for their education institutions and their
industries, contributing simultaneously to the nation’s economic growth.

The constantly changing economic environments of the present not only confirm
the need for this collaboration to exist, but also show it has become a critical com-
ponent to innovate, to be ready to face frequent events that are disruptive to the way we
do business “...the rise of a global knowledge economy has intensified the need for
strategic partnerships that go beyond the traditional funding of discrete research pro-
jects” [6].

The degree of business-university collaboration varies with the type and intensity of
the links created in each case; it can exist for short or longer periods and be formal or
informal. The desired benefits are usually the generation of skills and knowledge and
the transfer of that knowledge to promote entrepreneurship. In long-term intense
relationships, strategic partnerships are created; industry gets access to knowledge
generated by universities and these institutions, traditionally known as teaching and
researching organizations, acquire a new entrepreneurial nature, driving economic
grow.
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In Promoting University-Industry Collaboration in Developing Countries [7], José
Guimon presents a typology for university-industry links, ranging from high to low
intensity relationships, describing the type of interactions in each case in some detail

(Table 1):

Table 1. A typology of university-industry links, from higher to lower intensity.

High Research partnerships | Inter-organizational arrangements for pursuing
(relationships) collaborative R&D, including research consortia
and joint projects
Research services Research-related activities commissioned to
universities by industrial clients, including
contract research, consulting, quality control,
testing, certification, and proto development
Shared infrastructure Use of university labs and equipment by firms,
business incubators, and technology parks located
within universities
Medium Academic Development and commercial exploitation of
(mobility) entrepreneurship technologies pursued by academic inventors
through a company they (partly) own (spin-off
companies)
Human resource Training of industry employees, internship
training & transfer programs, postgraduate training in industry,
secondments to industry of university faculty and
research staff, adjunct faculty of industry
participants
Low Commercialization of | Transfer of university-generated IP (such as
(transfer) intellectual property patents) to firms (e.g., via licensing)
Scientific Use of codified scientific knowledge within
publications industry
Informal interaction Formation of social relationships (e.g.,
conferences, meetings, social networks)

According to Guimoén [7], as the link between industry and universities increase in

intensity and relationships evolve from short-term to long-term, the mission and roles
of universities also evolve from teaching to research and entrepreneurial nature.
However, as stressed by the author, “the priorities and scope of university-industry
collaboration differ significantly between developed and developing countries”.
Having insufficient funding capacity, universities in developing countries are often
unable to join industry in long-term innovation-related projects that would intensify
their links and bring the desired mutual benefits. Relationships tend to be informal and
collaboration limited to occasional participation of industry representatives in confer-
ences held by universities and some university graduates recruited by companies for
internship, staffing or consulting. Eventually that kind of relationship will improve to a
more mature state, becoming more innovative and formal and including other types of



378 S. Antunes and R. Almendra

collaboration, from joint curricula development to entrepreneurship education and
business incubation services.

4.1 Promoting and Stimulating Industry-University Collaboration

Before analyzing what can be done to promote and stimulate collaboration between
industry and academia, in terms of principles, policy or other actions, it’s worth
mention that most measures are harder to implement in developing countries, where the
economic situation often translated by low income, implies restricted budgets that
impair proper funding and adequate infrastructures. Universities will lack resources
(both human and financial) to conduct adequate research projects that may attract
industries, which in turn may not have enough technological capability and the
financial stability needed to outsource the required innovation knowledge.

Apart from economic constraints, other barriers that will limit effective collabo-
ration regardless the developing status, may exist in any country and these are related to
the mission of each side or participant and to the benefits they expect from the process:

— Universities are usually concerned with the access to public and/or private funding
(the private funds that industry may provide), and interested in sharing industries’
empirical data and ultimately in enhancing teaching and reputation; industries are
interested in accessing the universities innovation knowledge to complement that
obtained internally by their Research & Development (R&D) departments and in
influencing teaching and learning processes to later obtain high-skilled employees;

— Universities want to publish research results to enhance reputation, while industries
prefer to delay that publication before having guaranteed the research-related
products and/or patents; the ownership of Intellectual Property (IP) rights is also a
typical hard to agree item;

— There is a conceptual difference in university and industry values that influence their
approaches to innovation-related research projects; while academia is concerned
with the cultural values brought about with the research, industry values most the
commercial results, and the faster the better “The academic community, including
students, tends to place a higher value on cultural achievement than on commercial
success” [8].

Needless to point out that both sides, as well as policy makers, should foster
negotiation to eliminate any mission conflict, realize the mutual benefits resulting from
joint research, agree on the joint exploitation of IP rights, and focus on the provision of
funding that will assure long-term partnerships.

Governments may develop regulatory policy and/or implement measures to pro-
mote or stimulate academia-business collaboration, as outlined below [7]:

— Provide public funding to R&D projects;

— Provide infrastructure such as science parks, incubators and technology transfer
offices;

— Provide support services to facilitate partner search;

— Provide grants to entrepreneurs and tax-incentives to R&D projects;
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4.2 Successful Industry-University Collaboration Examples

The ultimate desired level of business-academia collaboration is reached when both
sides can establish long-term strategic partnerships and become able to promote
innovation and economic growth, bringing successful transformation to industries and
to the role of universities. This strategic level of collaboration is not easy to attain and
according to the 2012 Science|Business Innovation Board AIBL report, “Most Euro-
pean academics are not engaged at all in collaboration and only a few cooperate with
business to a high degree...” [6]. Giving the example of Silicon Valley as a result from
more than five decades of long-term collaboration, that report indicates that some
world-class research universities consider strategic collaboration a top priority, having
recognized that benefits at that level include “substantial streams of external funding,
enhanced opportunities for professors and graduates to work on groundbreaking
research, vital inputs to keep teaching and learning on the cutting edge of a discipline
and the impact of delivering solutions for pressing global challenges” [6].

As a result of a detailed analyses of several success cases where the views of both
senior industry executives and university officials where the main contribution to the
findings, the report in question outlines the reasons why strategic long-term partner-
ships are so fruitful. Most, if not all the interviewed agreed that only long-running
partnerships provide the ingredients for the establishment of deep professional rela-
tionships, based on trust building, acceptance of culture differences and mutual
understanding of the shared benefits. Several success cases classified in 3 categories
according to the impact brought to universities are then described in detail. From all
those collaboration examples we will mention just a few that seemed appropriate to
illustrate each of those categories.

Partnerships that had a significant impact on teaching and learning — those that
especially contribute to develop new skills for the future workforce:

— Partnership between Microsoft, Cisco Systems, Intel and the University of Mel-
bourne, initiated in 2008. Partners, along with 60 research institutions, also
involving OECD and UNESCO, were set to identify skills for the 21° century and
methods to teach and assess those skills. They identified collaborative problem-
solving and digital literacy as two discrete skill sets and successfully created
assessment tools that were tested by 5.000 students from six countries. Results were
presented at the 2012 Education World Forum and incorporated the 2015 OECD
Programme for International Student Assessment.

— Partnership initiated in 1995 between the University of Art and Design of
Helsinqui, the Helsinqui School of Economics and the Helsinqui University of
Technology and later the Finnish Industry. The three universities joint to create a
new field of multidisciplinary study, giving students an open and innovate mindset
by using collaborative cross-disciplinary problem-solving. They started a pro-
gramme that was offered in any of the three institutions — International Design
Business Management. The great success of the programme in promoting multi-
disciplinary learning led to the merger of the three institutions in the present Aalto
University and attracted the Finnish industry. During the one-year programme,
teams composed by multicultural and multidisciplinary students deal with real-
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world problems posed by companies and present innovative solutions. Participating
companies pay the university an agreed fee per each project. This programme has
transformed teaching and learning while enhancing collaboration between the
university and industry.

Partnerships that develop new funding for university — those from which the main
result was the creation of significant funding streams to the university:

— Partnership between the Imperial College London and Imperial Innovations
Group PLC. This company was initially (1986) a technology transfer office for
Imperial College London that has become a subsidiary of the university in 1997.
The handling of technology transfer to a separate and wholly owned subsidiary that
retained the IP rights of university developed technology has attracted other
industry investors; the result was a huge multiplication of funding for the university.

Partnerships that reinvent the role of the university — intend to transform the uni-
versity culture and mission and intensify its role in supporting economy:

— Partnership between the University of California (UC) and now hundreds of private
R&D firms — resulted from UC’s Industry-University Cooperative Research Pro-
gram (IUCRP), that would promote and increase collaboration between faculty,
students and companies using a special kind of funding: Discovery Grants
“Research partnerships with industry help speed commercialization of important
new technologies in the state. From 2009-11, matching funds from the UC Dis-
covery Grants supported partnerships between UC researcher and more than 120
California companies developing agricultural, biomedical and alternative energy
technologies” [10]. These grants oblige companies participating in research projects
to match the funding provided by the university.

4.3 Other Collaboration Perspectives

New technologies also enable collaboration between the educational service (teachers,
administrators) and students, as well as their families. Improved ways to communicate
allow all of them to actively and collaboratively contribute to improve the learning
process, to bring innovation to the education service. The possibility the end-user
possesses to bring a citizen-centered approach to the educational services is now easier
to put to practice, as a result on a higher level of connectivity.

In several countries such as the US, UK, Denmark and Australia several initiatives
are in place, both in public and private education sectors, like establishing design-
innovation offices that encourage public engagement. By integrating citizens feedback,
needs and motivation, a broader variety of views and perspectives is brought to edu-
cation services. Shared goals are made easier to achieve and citizen-focused services
are improved [8].
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5 Conclusion and Proposed Practices

Advances in technology brought forms of innovation that facilitate our day-to-day life;
but the technological evolution also transformed business and economies, jobs and its
required skills, adding new challenges to the existing and future workforce. Education
systems must adapt their methods in prepare students for their working careers which
demand a broader spectrum of skills. Ideally, during their period of study, every
graduate should have the opportunity to experience some work-like training where
those skills could be developed. What can be done to encourage collaboration, both at
organizational and individual levels, in order to improve that preparation?

By understanding what challenges today’s and tomorrow’s workforce must face,
which core skills must be mastered and what has been done so far, by policy makers,
universities and industry we conclude that those actors must engage in a level of
collaboration that, among other benefits, allow students to have those opportunities to
acquire the required core skillsets.

For better results, long-term strategic academia-business collaboration needs to be
established and must include most HE systems where possible. That should be the
ultimate goal, even where collaboration is little, inadequate or non-existent, as is it
important to introduce some work-like experience within the academic journey of
future graduates, to facilitate their entry into the real-life working world, and because
that will also help to provide them with the adequate skills to better fulfill their
employers’ needs.

Do existing collaborations provide those opportunities? Are they similarly used in
most countries and diverse knowledge areas? That is, in fact, the case of some part-
nerships that are in place, mostly in developed countries, where funding and techno-
logically advanced companies are available and willing to collaborate with universities,
sharing both the expenses and the benefits and promoting economic growth. However,
even in those countries, other barriers to collaboration may limit that effort, such as the
differences in mission and expected benefits of the participants. In developing coun-
tries, the main barriers are the lack of resources, both in funding and in the companies
and universities capabilities to engage in innovation research projects.

A step-by-step approach is advised in those situations, where universities shall start
with easier to implement ways to collaborate, and gradually build mutual trust, increase
benefits for both parts, having in mind that ultimate goal — long-term strategic rela-
tionships, where the benefits for each participant and the contribution to economic
growth are maximized.

As initial collaborative steps, occasional exchanges of staff between and industry
may be established (inviting company executives to teach in the universities and
professors to participate in company events). A group of universities may also engage
in multidisciplinary projects where a mixed group of students tries to solve a real
challenge posed by an invited industry or company.



382

S. Antunes and R. Almendra

References

10.

11.
12.

. Pacific Policy Research Center: 21* century skills for students and teachers. Kamehameha

Schools: Research & Evaluation Division, Honolulu (2010)
Wilson, T.: A review of business-university collaboration. Department for Business,
Innovation and Skills. Crown, London (2012)

. Kvan, T.: Collaborative design: what is it? Autom. Construct. 9, 409-415 (2000)
. Mattessich, P.W., Monsey, B.R.: Collaboration: What Makes It Work. Amherst H. Wilder

Foundation, Saint Paul (1992)

. Teaching collaboration skills from cradle to career. http://www.pearsonlearningnews.com/
. Edmondson, G., Valigra, L., Kenward, M., Hudson, R.L., Belfield, H.: Making industry-

university partnerships work: lessons from successful collaborations. Science|Business
Innovation Board AISBL, Belgium (2012)

. Guimén, J.: Promoting university-industry collaboration in developing countries. Policy

Brief, The Innovation Policy Platform (2013)

. Higher Education Academy Art Design Media Subject Centre (ADM-HEA): National

Endowment for Science, Technology and the Arts (NESTA): What are the barriers to
effective collaboration? In: Creating Entrepreneurship: Entrepreneurship Education for the
Creative Industries. ADM-HEA and NESTA (2007)

. Centre for Research in Futures and Innovation, Foresight Company: The future of work: jobs

and skills in 2030. UK commission for employment and skills, United Kingdom (2014)
UC  innovation  awards. https://ucop.edu/research-initiatives/programs/innovation-
opportunities/index.html

Public & Collaborative NYC. http://nyc.pubcollab.org/

Intel Corporation: Collaborating with universities to create career-ready graduates. Intel
Foundation and Intel Corporation, USA (2015)


http://www.pearsonlearningnews.com/
https://ucop.edu/research-initiatives/programs/innovation-opportunities/index.html
https://ucop.edu/research-initiatives/programs/innovation-opportunities/index.html
http://nyc.pubcollab.org/

q

Check for
updates

The ‘Place’ that Shows the Title of a TV Series:
What to Name It and How It Has Evolved

>

Ricardo Maia Pestana®™ and Jodo Brandio

CIAUD - Research Centre for Architecture, Urbanism and Design,
Lisbon School of Architecture, University of Lisbon, Lisbon, Portugal
ricardo. pestana@edu.ulisboa.pt, joaobrand@gmail. com

Abstract. Nowadays, television series occupy a significant part of broadcasting
time, particularly in paid channels. In this communication we present a reflection
about the terminology used in English, French, and Portuguese to designate the
filmic object that helps identify the TV series’ episode by presenting the series
name and who made it. This discussion of the different words and expressions
and their meanings is followed by a brief account of the evolution of these
objects from the beginnings of their production until the 21st century.
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1 The ‘Place’ that Shows the Title: What to Name It

An image is worth a thousand words. If that was to be true, then one second of moving
images would worth more than twenty thousand words (in cinema and TV, the standard
is 24 images per second —24 fps). However, more important than how many images or
how many words can fit in one second of moving images is what kind of information is
conveyed in that second.

In movies and TV series there are a few seconds, and sometimes more than just a
few, with information that does not belong to the storyline, which helps to identify
what we are seeing and who made it. This information is usually presented at the
beginning or close to the beginning of the movie or the TV series episode and includes
the names of the people involved in its production, namely the leading actors, the
writers, the production team, and the director.

While many times the information about the authorship is displayed alongside
images of the movie/episode, often it is presented in a motion graphics composition
introducing the story — or at least it helps to set the tone of the movie/episode.

In order to understand why these seconds are spent in a motion picture or in a TV
episode, we also have to know what to name this filmic object. In the English-speaking
world, there are as many names as there are different ways of showing this information.
But, in French and European Portuguese there is only one single word to identify it:
genérique and genérico respectively.

In these two languages, these terms refer to both the information presented at the
beginning of the movie/episode as well as the full list of participants that appear at the
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end of the movie/episode. In addition, both générique and genérico are antonyms of
specific (as is the word ‘generic’, in English), depicting a less individualized sense of
authorship [1].

In Vocabulaire du Cinema, Marie-Thérése Journot [2] says that the term génerique
refers to the sequence that contains the reference to the title of the film and to those
participating in the making of it. For a long time, this information was located solely at
the beginning of the film. Nowadays, with the increased number of credits, we can
often find this information at the start and at the end of the movie/episode [2]. Fur-
thermore, Jaques Aumont and Michel Marie say that the term génerique refers that
‘place’ on the movie that contains inscriptions showing its title and the names of those
who made it [3].

In other languages, we often find, for the information at the beginning of the
movie/episode, the notion of the place where the titles are shown: e.g. in Spanish
(Castilian) it’s called titulos, in Catalan titols de credit and in Italian titoli di testa [4].

Why must we mention these linguistic differences? If in French and Portuguese we
have only one word to name the information at the start and at the end of the
movie/episode, in English we have one expression for each of these different objects
(e.g. opening credits, end credits).

Nevertheless, in the French dictionary Dictionnaire de l'image [5], we can find the
distinction between fitles (at the presentation/introduction) and credits (the list at the
end) as two categories of the générique.

Therefore, in English we find more specific (less generic) definitions as the ones
presented in The Film Encyclopedia, by Ephraim Katz:

1. “Titles: Written matter inserted into a film for introductory or explanatory purpose.
In modern films, titles appear most often in the form of the opening and closing
credits. The title spelling out the name of the picture is known as ‘main title’. The
others are simply known as ‘credit titles’ or ‘secondary credit titles’. The title
announcing the end of the film is naturally called ‘end title’” [6].

2. “Credits: A list of the names of the principals involved in the production of a
motion picture with their functions — e.g., the stars, the featured players, the
director, the producer, the screenwriter, the director of photography. The list
appears as titles, usually at the beginning or end of a film, or both” [6].

In these definitions Katz & Nolen refer to other terms used in this context, each
with its own meaning: opening credits, closing credits, main titles, credit titles, sec-
ondary credit titles and end titles. Alexandre Tylski, author of one of the few books
exclusively on this subject (Le générique de cinéma - Histoire et fonctions d’un
fragment hybride), adds some more terms: title sequence, opening title sequence, head
credits and tail credits [4].

Another author that has written on this subject is Eric Vérat. In his book Génér-
iques! Les séries américaines décryptées, he says that in English we can find several
terms to nominate these objects, each with a precise meaning. In addition to the terms
already listed, he adds intro and outro, a neologism that means an exit — as infro means
an introduction [7].

Explaining each one of the terms, the same author says that main title is the most
used expression to identify these objects, being the one used in the awards given by the
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Academy of Television Arts & Sciences since 1997: the Emmy for Outstanding Main
Title Design [7].

According to Vérat, main title is a designation filled with meaning, as it includes
two words (main and title), which presents an important piece of information by
naming the movie/series [7].

However, for Vérat, Opening Title Sequence is a most precise way to describe those
objects because there we have three words: Opening — referring to where it belongs in
the movie/episode; Title — referring to the importance of its name; Sequence — giving us
the notion that it has a start and an end, possibly independent from the movie/episode
and reinforcing the importance of the Opening Title Sequence [7].

Opening Credits is also an expression mentioned by the aforementioned authors.
Another author, Laurence Moinereau, in the book Le générique de film — De la lettre a
la figure expresses that, when standing alone, the term credits refers to the written
roles/names of the different participants in the making of the film/episode [8]. There-
fore, adding the word Opening to the word Credits, forming the expression Opening
Credits, will not be the best way to name the filmic object where the title is included. It
seems to us that Vérat is right when he says that Opening Credits has mainly the legal
function of naming some of the authors of the movie or episode.

Though, in TV series, due to the reduced length of the time slots, it is impossible to
show all the credits in the end credits of an episode — as occurs in movies, where even
the drivers of the stars are credited. Therefore, the few identified by name in the credits
of an episode have a high degree of importance in the production hierarchy and have
achieved a higher level of prestige or importance [7].

As such, Opening Credits reflects more a contractual need to highlight selected
names than to introduce what we are about to see or are already seeing — or even to
present us the movie/series title. For the introduction, we have other objects, namely
the title sequence, with its own narrative and that interrupts the movies/episodes, and
the intro, without title or credits, which exists only to introduce what we are about to
see. Similarly, outro provides closure to the movie/episode [7].

As we can see, it is not easy to find (in English, or even in French or in Portuguese)
one single term to name the object that contains the information about the authorship
and/or the title of the movie/series, precisely because it is not always the same kind of
object, especially in the TV context.

In the French and Portuguese languages, when we talk about the générigue or the
genérico we must declare if we are talking about the start or about the end of the
movie/episode. Even then, if we must be precise, as in academic context, the selected
term must be followed by a description.

However, in English, the use of more specific expressions to name the objects
might be misleading. For instance, when the expression Opening Title Sequence — the
one preferred by Vérat — is used to refer to objects that appear several minutes after the
start of an episode, the word Opening is deceptive, since it is no longer an “opening” to
the episode. Nevertheless, Title Sequence is still meaningful when the object names the
movie/episode with a sequence, with its own narrative, independent of the
movie/episode.

To prevent these kinds of misinterpretations, we propose using the expression Main
Title Sequence instead of Opening Title Sequence. Although, when the object only
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shows nothing more than the title in an “isolated” form preceded and/or followed by
superimposed credits on the episode images (therefore not a sequence), the expression
Main Title Sequence should be replaced by the expression Main Title.

It is worth noting that, at least since the year 2000, the Emmy for Outstanding Main
Title Design has been attributed to Main Title Sequences. Nevertheless, and since there
are two major ways of constructing these objects [1], both expressions should be used —
since the beginning of the 21st century the percentage of main titles has increased, and
the percentage of main title sequences has decreased [1].

2 The ‘Place’ that Shows the Title: How It Has Evolved

In order to understand what this “place” is, it is not enough to know its definition, as
well as the terminology used in different languages. It is also important to know, even
briefly, a little of its history. We will limit ourselves, however, to show how it has
evolved in the twentieth century, referring to striking examples of some series that
became famous.

In the beginnings of television broadcasting, we can only speak of main title
sequences, since the programs were not recorded, being emitted live, following the
models of radio programs. Even entertainment programs were broadcasted directly
from the studios where they were being performed, and only some accounts of their
identification arrived to us. From them, it’s possible to infer that most often there were
almost no title sequences for those programs [7]. Actually, Vérat points out that, due to
the technical conditions existing until the middle of the 20th century, it is unlikely that
these sequences were more than simple cards with the names of the programs
accompanied by a musical theme [7]. Possibly, a speaker could announce the title
and/or the name of the sponsor (usually only one) of the program that paid most of the
production, and, in fact, often had a direct influence on its contents.

The number of television sets in private houses was still very small until the middle
of the century, but it grew exponentially in the following decade, covering more than
90% of the US homes in less than ten years [7]. The existence of a growing public, the
possible target of advertisement to many and varied products, made it profitable for
many companies to invest big amounts of money sponsoring large audience programs.

At the same time, the development of technology related to the production and
broadcasting of television programs introduced great changes in all the processes
involved in this industry. The programs had no more the need to be broadcasted live;
they could be recorded and broadcasted later, and this allowed significant changes in
the formal structure of the programs, particularly in their presentation.

These two changes in the production and diffusion of television programs had a
very relevant impact in the main title sequences of the programs. A well-known
example of these sequences is that of the series I Love Lucy, one of the first entertaining
programs with a large audience in the United States, running from 1951 to 1957.

This show was sponsored by Philip Morris cigarettes and this kind of funding
allowed the producers to hire professional designers that created, for the introduction of
the program, an animated sequence where stylized figures/caricatures of the two main
characters of the show climbed a giant pack of cigarettes [9]. The credits related to the
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episode were integrated into this animation sequence that was preceded by a small
sequence announcing the series, filmed by a static camera focusing the face of a young
bellhop yelling “Call for Philip Morris” and zooming out, giving place to the animated
sequence. A long advertising film followed the animation film, where an actor/speaker
talked about the advantages of the cigarettes while smoking, inhaling and expelling
smoke that could be seen in volutes surrounding the face of the actor. Only after that,
the show started.

This was the original introduction of the show, which, over the time, was replaced
by others, depending on the sponsors. Actually, Philip Morris cigarettes were not the
only sponsors of the series I Love Lucy. The series, which lasted until 1957, had other
sponsors namely the “squeeze comb Lilt” a liquid for home hair permanents, or Sanka
coffee (General Foods, later acquired by Kraft Foods) and the main title sequences were
then replaced by other animated sequences [10]. The Philip Morris main title
sequences, as well as all other advertisements to cigarettes, were banned when the
series was aired on syndication and edited in DVDs but were recently restored and
appeared in YouTube as referred in New York Post [11].

After 1957 the series was reformulated, continuing until 1961. From 1962 to 1968 a
sequel of this series titled The Lucy Show was produced, firstly in black and white, and
in color from the second season. Initially, the main title sequence was of the same type
of those of the original series but was gradually modified. In the last seasons, and later
on syndication, the main title sequence was known as the “kaleidoscope opening
sequence”, as fragmented clips of previous episodes, images and credits were shown
turning around as in a kaleidoscope image [12].

Another example that must be mentioned is the main title sequence of Alfred
Hitchcock Presents (1955-1962), nowadays seen as a cult series, which actually is an
anthology of independent suspense films of about 25 min each. Hitchcock himself
directed only about 10% of the more than 250 episodes. The common feature of the
series is the main title sequence, the same in all the episodes [13].

Every episode starts with the showing of a grey card with a caricature of Hitchcock,
drawn by him [7]. Then, from the right side of the screen, his figure starts to appear,
sliding slowly until it covers completely the caricature. Hitchcock then says “Good
evening” and presents a monologue of about one minute in which he introduces the
episode that will follow. At the end of the episode, Hitchcock returns and presents
some conclusions with irony and wit, according to morality and good manners.

Hitchcock always says the initial and final monologues. For each episode there are
two alternate versions — one for the broadcasting in the USA, commenting sarcastically
the sponsors and another one for diffusion in Europe in which he used to make some
comments about Americans [13].

This model of a spoken main title sequence, although usually much shorter,
repeated in every episode at least of each season, was used in several other series. As an
example, the series Dragnet (1951-1959) presents, in the opening sequence, first the
image of a police badge reinforced by a strong musical theme, then a short monologue
follows “Ladies and gentlemen: the story you are about to see is true. The names have
been changed to protect the innocents” [14]. Eventually, the name of the series
Dragnet appears superimposed on the image of the badge, which starts fading out
leaving only the name of the series that fades out just after that of the badge.
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Another famous series, which was aired between 1959 and 1973 with more than
400 episodes in 14 seasons, is Bonanza [15]. The colorful introduction, punctuated by a
very strong opening musical theme worked as a real call for the public to reunite in
front of a TV screen to watch the Sunday night episode that presented the various
stories occurring in Ponderosa Ranch, near Virginia City.

The initial images correspond to a map that locates the series in the South USA.
Then, the name of the series, in big capital letters, zooms in superimposed to the map,
then zooms out and fades away, and a fire starts near the center of the map, referring to
the American Civil War, the period in which the series occurs. The fire spreads,
producing a large hole in the map, from where, through the smoke, four cowboys
approach, and the starring actors are announced. Then the main actors are identified one
by one by their names and the episode starts.

The main title sequence remained almost unchanged along all the seasons, except in
what related to the order of the presentation of the four main actors that changed in all
the episodes, and in the presentation of the guest stars, always identified by the name
and the photograph of the character performed [16].

Another cult series, The Twilight Zone, created by Rod Serling began to be aired by
1959, being the first relevant television production in the field of Science Fiction. This
series (The Twilight Zone, 1959-1964) is also an anthology of unrelated episodes
having as a common feature the presentation by Serling himself of a spoken opening
monologue [17]. This spoken introduction is not the same in all seasons, although
maintaining the same general mood. The images shown while the text is said are very
different in each season, some totally abstract, others inspired by op art or surrealism.
This main title sequence somewhat creepy was accentuated by the sound themes [18,
19]. The graphic presentation of the title of the series also changed from season to
season.

In the following decade, 1960—1970, some of the series initiated previously con-
tinued to be produced, with no changes or only small changes in their main title
sequences. Yet, in other series, the evolution of technology used in cinema or television
had significant influence. Actually, the increase in the audiences of television made the
main title sequences of the series more important, as they could be an important factor
in the loyalty of the public to the channel. And the audiences of a television channel —
and of a series — are fundamental, from an economic standpoint, because of the
associated advertisement income. It should be noted, that by that time, the TV sets
didn’t have remote controls and so changing the channel was much less practical.

The money resulting from advertising allowed investments in more sophisticated
technologies, and that affected positively the quality of the main title sequences. It also
made possible and financially appealing to produce more series, changing significantly
all the industry and the work market related to these productions. Still, the increased
quality of these main title sequences did not depend only on the existence of better (and
more expensive) equipment, but also on more, and better, professionals trained in
cinema and graphic design.

All these factors produced a qualitative change in the main title sequence of the
series, also associated with the increased number of series produced, especially after the
middle of the decade.
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The TV series produced in the Fifties of the 20th century may be considered
pioneers and, in a way, constituted a model for a kind of television programs that
proved to be successful. This is why we chose to examine with some detail these
examples since they represent some of the biggest successes in viewers’ numbers and
international reach. These series have also different kinds of main title sequences,
which are, by themselves, examples that were followed in subsequent years.

However, it would be too long to present here with the same detail an overview of
the universe of the series produced since 1960. Only some examples considered more
relevant by their specific characteristics or because they correspond to series with
greater audience and/or longevity (what usually is associated) will be referred.

As mentioned above, technological innovations were reflected more or less sig-
nificantly in the production and also in the broadcasting of the series and in their main
title sequences. And so, color started to be used more and more extensively, although
the change to color implied great investments for the production studios not only in
equipment but also in the materials and their treatment.

At the beginning of the Sixties many series were still produced in black and white.
In the case of The Adams Family (1964—-1966), this was quite adequate to the style of
the series where the macabre and comical interconnect. Actually, the expenses of the
transformation of the production into color were perhaps in the roots of the cancellation
of the series, after only two seasons (64 episodes) as the audiences were not very high,
in particular in the second season [20, 21].

Also with a short duration, the series Batman (1966—1968) had a great success
among its target young audience. It had three seasons with a total of 179 episodes
broadcasted twice a week [22]. The main title sequence deserves a mention as it is
directly inspired by the corresponding comic books, maintaining its particular esthetical
aspects in an animation sequence.

Totally different is the presentation of the title card and initial credits of the series
Bewitched, although also included in a very short animation film. This main title
sequence, that states the mood of the series, presents a charming witch mounted on a
broom, circling the screen and doing some magic by the simple twitch of her nose,
which is accompanied by the sound of the ringing of a small bell. The series that lasted
from 1964-1972 with more than 250 episodes in seven seasons had a huge success not
only in the United States but also in many European countries [23]. The series, initially
in black and white, switched to color in the third season, and the colorful main title
sequence became more attractive.

The emblematic series Mission Impossible aired from 1966 to 1973, with a total of
168 episodes in seven seasons was targeted for a different public, interested in action
series and movies. It is about “impossible” covert operations carried out by an elite
team knowing that in case of capture or failure there will be official denial. At the
beginning of each episode the super-secret mission is explained and after that intro-
duction, which is the real beginning of the episode, the main title sequence starts with
the lighting of a match which, in turn, lights a fuse that is seen burning horizontally in
the screen, along all the whole main title sequence, accompanied by a strong musical
theme easily identified [24]. While the fuse is burning, some small clips of relevant
scenes of the episode are shown, followed by the presentation of the credits corre-
sponding to the actors with images of their characters, and by the remaining credits of
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the episode. This main title sequence changes in each episode, what is still uncommon
in television series, but the fuse burning and the musical theme are maintained almost
unchanged, being even used some years later when the thematic of the series is
recovered in a set of six movies (for now).

During the following decade 1970-1980, several series like Dragnet, Bonanza,
Bewitched, or Mission Impossible continued, as well as many others not mentioned
here.

In what concerns new series, M*A*S*H (1972-1983) should be pointed out. It is a
series about a medical team helping on the battleground during the Korean War. The
main title sequence shows crude images of the rescue of soldiers wounded in combat
and their subsequent transportation to the field hospital that contrast cruelly with the
beautiful musical theme with its strange lyrics (Suicide is painless) that accompanies
the images [25]. As a side note, this kind of approach to the violence of war is explored
by Pablo Ferro in the main title sequence of the 1974 movie Dr. Strangelove or: How 1
Learned to Stop Worrying and Love the Bomb by Stanley Kubrick, which has a
contrast between the threat of an atomic war and the subtleness of the music Try A
Little Tenderness that accompanies the images.

Several other series started during this period, but the main title sequences are
usually not very relevant, although their technical and cinematographic quality may
have had some interesting evolutions, namely the use of split screens—that means the
use of different sequences of images running simultaneously in separate parts of the
screen.

Among the series that used this technique in the main title sequence, it is worth
mentioning Dallas that started in 1978 and lasted until 1991, with more than 350
episodes in 14 seasons [26]. The series was broadcasted in many countries in the whole
world and had an audience of many millions of very interested viewers [26]. It had a
main title sequence that, with a very recognizable musical theme over images a split
screen, showed the faces of the main cast alongside with the places where the action
ran. This main title sequence was later recovered for the 2012 sequel that had the same
name.

In 1981 the series Hill Street Blues started to be aired in prime time. This series, that
lasted until 1987 had 146 episodes in seven seasons, made a deep change in the format
of police drama series, as it intended to show with objectivity the daily life in a police
station in an unnamed American big city [27]. The main title sequence that is preceded
by a short sequence corresponding to the distribution of tasks specific for each episode
is very concise. It is initiated with the title superimposed on the image of a police car,
followed by the departure of all police cars from the police precinct with sirens ringing,
still with the title superimposed to the images, and finally the credits are presented, with
the names of the actors associated to the characters played [28]. The musical theme that
accompanies this sequence and actually the whole series should also be highlighted.

Contrasting with Hill Street Blues, Cheers, a comedy series which action is passed
in a bar where the residents of the neighboring quarters meet to drink and talk started in
1982 also became famous, lasting until 1993. The main title sequence is interesting
using animation of antique photos and drawings accompanied with a cheerful musical
theme that identified the show [29].
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A very special series, The Simpsons (1989), which celebrated in 2018 its 30th
anniversary of consecutive exhibition, with more than 600 episodes aired in prime time
[30], is an animation sitcom for adult audience satirizing the middle class American
lifestyle, having a legion of fans [31]. The main title sequence although maintaining
usually a common structure, varies in each episode, usually not much, although in
special cases the changes are more significant [32, 33].

The end of the 20th century and beginnings of 21st century saw the start of
production of medical series like ER or Chicago Hope, and of crime scene series like
the CSI “galaxy”, characterized by the use of images of scientific instruments and/or
scientific techniques.

However, considering that the number of series has been rising dramatically from
year to year since the middle of the last decade of the 20th century and there is no time
distance that can allow a correct appreciation of the evolution of the main title sequence
of these series, we will not discuss them in detail.

We will only refer that 3D animations were introduced in some main title sequences
produced in the last years of the 20th century but this innovation became more obvious
only recently. The main title sequence of Black Sails (2014-2017) presents an inter-
esting 3D animation [34], but the more striking example is that of the Game of Thrones,
series initiated in 2011, with a tremendous success and that is presently running [35, 36].

In this brief overview only American series were mentioned, leaving aside those
produced in the rest of the World, particularly the U.K. series where main title sequences
of great graphic quality, namely for the care in the use of typography can be found.

3 Final Remarks

In order to answer the questions of how to name the graphic identification of a TV
series and how it has evolved, we started to show the different terms that are used in
different parts of the world. These different terms reflect different approaches to the
subject, mainly between the English and the French.

Having explained many of the terms by which it is known, we arrived at the
conclusion that Main Title Sequence and Main Titles are the best terms to name that
‘place’ on the movie/episode that contains inscriptions showing its title and the names
of those who made it.

From there, we showed how the main title sequences evolved in the 20th century,
presenting examples of these objects, namely from several emblematic TV series that
represent models followed since the beginnings of TV.
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Abstract. Emergency situations are unpredictable and happen very quick.
They require citizens to be able to act to help victims until they are stable or until
emergency entities arrive. Acting in these situations is crucial to save someone’s
life. However, the average citizen does not always know about first aid. Com-
munication for this matter is important as it allows a set of information to be
transmitted in a variety of ways, such as verbal, non-verbal or pictographic.
Therefore, first aid procedures should be communicated in a simple and
objective way, to motivate citizens to act in emergency situations. We present a
set of analog and digital media as part of a design project developed as a
solution for these circumstances, where we explain basic life support and
recovery position. We undertook an evaluation of project outcome, through
questionnaires. Perception and effective learning of techniques to deal with
emergency situations was improved.

Keywords: Communication Design + Emergency - Information design -
Medical procedures - Basic life support and recovery position

1 Introduction

The connection between text and images is a common way for medical specialists to
communicate with ordinary citizens, e.g. citizens outside medical context and without
training in first aid. When it comes to health issues, visual communication in most
media makes use of visual instructions to allow knowledge acquisition. For an
acceptable level of literacy to prevail, someone needs to develop communication media
with graphic elements and to take advantage of features related to information and
interaction design.

The average citizen has access to a lot of information and in various media, but even
if he or she recognizes the importance of being proactive in an emergency, it is most
likely there will be no training acquired before. Consequently, communication directed
towards this can be beneficial, so that basic medical procedures can be transmitted to the
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public. By fostering greater public involvement and its relationship with designers and
health care entities, addressing these issues places the emphasis on use of information
and how it can be a design issue. Information design is intended to simplify information
through visual elements, in which images, illustrations or icons can be used to com-
plement text, color and other shapes [1-3]. Also, interaction design may be suggested to
encourage public participation, whether on analog or digital media [4].

Our main goal is to develop communication media that reaches a diversity of
groups not trained in and with little knowledge of first aid. For this purpose, we created
a set of analogue and digital interventions and objects with an informative and didactic
intent for the territory of Portugal.

2 Design Project: Development of Communication Media
to Inform Citizens to Act in Emergencies

A high amount of information about medical procedures was based on digital media
available from INEM (Portuguese National Emergency Medical Institute) website and
from several meetings with representatives from INEM and from the Portuguese Red
Cross. While collecting those materials, we realized there is a process and several
factors to verify if the victim needs resuscitation. This process begins with a fallen
victim: if she responds and/or breathes, we will have to place her in recovery position.
If she does not respond and/or breathes, we will have to proceed to cardiopulmonary
resuscitation. These steps made us realize that various first aid issues would be rep-
resented: evaluation of consciousness, evaluation of breathing, contact with 112
(European emergency number) and the Portuguese Anti Poisons Information Center,
basic life support and recovery position.

Throughout research, we sketched several schemes which were often used to clarify
the amount of information to be transmitted. These schemes and idea generation were
very important throughout the process. For this research, sketch functioned as a tool,
allowing a better study, analysis, perception and planning of each media and its rela-
tionship with the human being and with the environment in which every media is to be
placed. The sketch phase allowed, first, a focus on solving the situation, and, then,
rapid and free exploration of ideas and possibilities [5].

2.1 Definition of Requirements

Medical language is not obvious to the average citizen. Therefore, we considered
appropriate to direct all media to non-medical people without first aid training, who in
emergency situations need to make decisions and need to act quickly. This choice
relates to the project goals, which are to make knowledge on these topics more
transversal and more comprehensive.

It was our intention to develop objects that would allow common citizens to be
prepared with basic life support and recovery position procedures. Due to stress caused
by emergencies, these procedures may be harder to remember. We envisioned common
citizens should be able to easily consult steps for both procedures, in an emergency
context and outside it.
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In terms of visual language, we used a straightforward approach with illustrations
to escape a more heavy or serious understanding, which some materials related to first
aid usually present and thus capture public attention through a more instructional way.

2.2 Definition of Materials

After collecting information on emergency, knowing the factors involved in this
context and defining audience approach, we defined the materials to use. All media
objects were intended to integrate people’s daily lives, exactly because of the need to
make them feel safe and more prepared, so that difficulty in acting and taking decisions
appropriate to the situation would be attenuated.

In this way, materials perform informative functions, presenting steps that must be
followed. One of the objects requires intervention: it is a public use board, placed in
establishments and public places. Therefore, it was important to know where and how
other similar objects were strategically placed, such as defibrillators and fire extin-
guishers. Regarding this, it was also important to realize that both are properly signaled
and that defibrillators may only be use by qualified people. Therefore, our public board
would be accessible to people outside health areas and without training in first aid. We
also considered, it is not possible to equip all places and to have the plate constantly
present because emergencies can be spontaneous. So, we tried to make it adaptable to a
personal and smaller object, which could accompany citizens in their day-to-day.

Thus, another object was developed, which is a small folding and portable guide.
To complement the board and the guide, we also developed a website, to foster an
interactive approach, that would encourage the use of the remaining objects.

2.3 Design and Prototyping

Throughout the design process, several low and high fidelity prototypes were devel-
oped for every object within the scope of the project. We based visual messages in a
distinction between two characters in an emergency context: rescuer and victim. Being
that the object is destined to the rescuer, all highlights go to his actions. This distinction
is done through different colors. Farina, Perez & Bastos [6] state that the human being
experiences visual sensations, influencing him on a physical, psychological and
emotional level. Colors create these visual sensations, causing their choice and ade-
quacy to communication materials to help in understanding of messages and working
as a mechanism to capture people’s attention and interest. Therefore, Farina, Perez &
Bastos [6] reinforce the impact of color, which influences the areas of “(...) Education,
Accident Prevention, Decoration, Medicine, Communication, Production, Fashion, Art,
Traffic and many others”.

Our color palette is presented in Fig. 1. It was complemented by three type fonts
used throughout the project: Gill Sans, Montserrat and Nunito. Typography has its
importance in the project, since it influences readability and consequently, under-
standing of all content. In the case of the public board, only Nunito font was chosen,
because it is simple and rounded, contributing to a quicker and easier reading.
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Fig. 1. Color palette for the project.

Public Intervention Board. This object derives from the difficulty in correctly rea-
soning in a moment of emergency and from the consequent difficulty in acting, related
to the bystander effect [7]. It was designed to be used exactly at the time an emergency
occurs and it includes basic life support and recovery position procedures separately on
front and back sides (Fig. 2). While the recovery position side serves only for con-
sultation and visualization of the necessary steps, the basic life support side allows,
when placed at the center of the victim’s chest, to obtain the correct location for
rescuers to have their hands to perform compressions. Together with simple and not
very detailed illustrations, text would be short, because the action must be quick and
there is no time to interpret complex and extensive elements.

Fig. 2. Two sides of the public board.

Red was chosen as the background color, because it is a contrasting color and, as in
mentioned examples, it is associated with emergency situations. In addition, Farina,
Perez & Bastos [6] consider it a warm color that transmits energy and proximity while
also being associated with movement, dynamics, action and energy. Something
important for our goal of entice people to act. Both illustrations and text appear in
white.

We used satin vinyl foam as material because of it malleability, resistance and
lightness. The board dimensions follow A4 format (210 x 297 mm; 8.3 x 11.7
inches), arranged horizontally, as it is a standard format for production and presents
appropriate measures for rescuer hands to be on the victim’s chest. The hand placement
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zone followed dimensions presented in Panero & Zelnik [8], where average dimensions
of various body parts are compiled, including female and male hands (Fig. 3). The
board in public exhibition along its signage can be seen on Fig. 4.

Fig. 4. Board public exhibition with signage.

Basic Life Support and Recovery Position Guide. The second object follows an
informative approach and treats the same issues with more detail, using illustrations
and text. It is a small and personal guide, portable and can be consulted when nec-
essary. It gives users the possibility of extensive detail when compared to the board,
because citizens will more time to analyze and consult it. We considered everyday
objects to match our requirement of it being portable. Our guide could be included and
carried in objects such as wallets, suitcases, bags and pockets.
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We applied the basic dimensions of plastic cards (Portuguese citizen card, ATM
cards and business cards were observed). According to the Portuguese Agency for
Administrative Modernization [9], citizen card size is 86 mm X 54 mm (3.4 x 2.1
inches). The idea was to develop a folding object, which, when handled, assumed
larger dimensions, but, folded, followed the measurements of the citizen’s card. When
the guide is placed inside a wallet, a fraction is still visible (Fig. 5), as it happens with
other cards. This guarantees the title is always visible.

Lo de vid?

2
(&5, sup°r%¢
2 /eI

Fig. 5. Guide on a wallet.

Like the board, this guide has two sides as well, so we took advantage of it to
follow the same logic and distribute each procedure on just one side. In the front side,
basic life support procedure (Fig. 6) and, on the back side, recovery position and a list
of emergency contacts (Fig. 6). The presence of this list is meant to always accompany
citizens and includes the 112 and the Portuguese Anti Poisons Information Center
number. An explanation of when to call them is also provided.

We used three different colors for three different subjects (basic life support,
recovery position and contacts). One color distributed for each one: red for basic life
support, blue for recovery position and yellow for contacts.

Fig. 6. Guide: Basic life support (red) and recovery position (blue).
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Campaign. A campaign was conceived with the purpose of informing society at large
about situations in which basic life support (specially for cardio-respiratory arrest) and
recovery position (specially for unconsciousness) should be applied and for reinforcing
importance of ordinary citizen action. This campaign consisted in 2 infographics, 2
posters and a website.

Two infographics were developed, where each one treats individually basic life
support procedure (Fig. 7) and recovery position (Fig. 7). As done previously in the
guide and on the board, each step is presented individually and with its importance.
Each step is illustrated and accompanied by a textual explanation. Figures in red
indicate there is no reaction and, in green, the opposite. The format allows them to
easily adapt to a poster version, to be exhibited in public places and near the public
board. In both infographics, such as in the following posters, we designed a small
window, which shows the use of the board, the guide and the website. In this way, we
establish a link between all materials.

E agora?

Fig. 7. Campaign infographics for basic life support and recovery position.

In addition to promote necessary procedures, we also considered important to
inform population of what is a cardiorespiratory arrest and a state of unconsciousness,
why they happen and why ordinary citizens action is crucial to stabilize or save the
victim until medical help specialist arrives. For that reason, 2 posters were developed:
one about cardiorespiratory arrest and another about the state of unconsciousness, as
can be seen in Fig. 8, respectively.

The campaign also comprises a website (Fig. 9), which serves as a repository where
guide, infographics and posters are available for download and sharing on social media.
Therefore, if people have not yet had contact with any campaign materials, they have
an opportunity to save and print them, give someone or just distribute them. They are
available so anyone can download and place them on a public space. In this way, it is
possible to reach even more people and request their participation in the process of
dissemination of materials, creating an idea of analog and digital sharing. The website
presents a brief form in which people can send suggestions for communication
materials.
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Se veio aqui é porque estd disposto a

elole
NS |

Tom sugestdes para mais
materiais comunicativos?

Fig. 9. Website screens.

2.4 Evaluation

After design and prototyping stages, we carried out an evaluation of all materials
produced. To evaluate our design project, it was essential to run a usability test, in
which the following points were addressed: length of each session, objectives of the
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test, purpose of evaluation, profile of chosen individuals, applied methods and data to
be collected. We intended to understand if the design project is relevant and effective in
relation to the defined problem and understand if users can interpret information pre-
sented in all produced objects. For this, 2 medical specialists of the Portuguese Red
Cross School of First Aid were selected as representing a profile of people with
knowledge in the area and 15 persons without first aid training, as representing a profile
of people without training in the area. Those 15 were selected by convenience, as they
were students from the 2nd year of the Master’s Degree in Communication Design,
Faculty of Architecture, University of Lisbon, academic year 2018/2019. Tests were
conducted in a controlled and calm environment, so that attention was focused on
explanations and presented objects. Each session lasted about 25 min, where ques-
tionnaire were distributed to collect information on usability, effectiveness, objectivity
and relevance of the project.

The results of the specialists group, regarding the general evaluation, using a SUS
scale, were 87.5%. This proves effectiveness and satisfaction towards the project. Both
subjects also considered presented objects to be useful for people without training in
first aid and that used language is not complex.

The group of non-specialists, in a general evaluation, in which a SUS scale was also
used, resulted in 70%. This result shows the project as efficient and effective.

The project had a very positive evaluation in remaining questions, in comments
made aloud and in observation notes. Relevance and usefulness were mentioned sev-
eral times and the contribution it brings to communication and learning of procedures
to deal with emergency situations.

3 Conclusion

Our design project attempts to prove a relation between design and communication of
medical procedures. It contributes to make medical information, complex in its nature,
as something simple and accessible for the average citizen.

Information design can effectively contribute to a better representation of medical
procedures through strategies, which decrease the amount of visual and verbal infor-
mation, allowing the public to understand easier and quicker, without losing any sort of
motivation. The project was developed in a direct, straightforward way. Visual lan-
guage included an interventional and informative goal, so all produced materials could
disclose the necessary procedures and, consequently, promoted greater knowledge and
preparation to act and help someone else. It is important to emphasize the relevance of
interdisciplinary in accomplishing such a project, both in connecting different areas,
and in including emergency entities. Partnership with these national entities was a very
positive experience, as they reviewed technical aspects and gave suggestions about
emergency contexts.

This research through a project practice showed how a design project, constituted
by a set of informative objects, which require citizen’s participation, can communicate
medical procedures to act in pre-emergency. We expect this research will contribute to
provision of first aid.
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Abstract. Infographics are an effective way to transmit messages, both as an
information design artifact and as a journalistic piece. Its fundamental compo-
nents are information, composition, typography and color. In this study, the
main focus is the usage of color in infographics in online Portuguese media,
particularly in generalist newspapers. We intend to discover if the color usage is
different in interactive and static infographics or if color is applied to info-
graphics unrelated to its interactive nature. The main method of research was a
comparative case studies, based on the aggregation, organization and analysis of
color samples of graphics, backgrounds and typography of static and interactive
infographics in six newspapers. In this process, conversion of RGB samples to
Natural Color System (NCS) was pivotal for the their effectual mapping in the
color spectrum, according to luminance, saturation and tone. The study led to
conclude that online infographics tend to have light and saturated colors in
graphics, light colors or white in backgrounds, and saturated colors and black in
typography. There were no significant differences between static and interactive
infographics, neither in terms of number of colors applied or in aspects of
luminance, saturation and tone. In both cases, there was a prominence of the
tones of yellow, red and blue in the graphics and neutrals in backgrounds. In
what concerns typography, the samples of colors where distributed in the
spectrum, with no clear prominence of any tone.

Keywords: Information design - Interaction design + Journalism -
Digital media - Color

1 Introduction

An infographic is consensually [1-5], described as the result of the transformation of
complex data into a graphic composition with the intent of facilitating and promoting
users’ understanding of the message. Its main purpose is to be useful [4] and effective [6].
The primacy of the message traces back to the origin of the term infographics (infor-
mation graphics), which is grounded in Journalism [7]. In this field, it integrates the
discipline of visual journalism [8], because of its usage of visual languages (graphics,
diagrams, illustrations, etc.) to convey messages otherwise expressed through words.
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According to Wong [9] an infographic actually results of the combination of
typography, design and color. This research focuses in the latter element. To Cairo [4],
color is fundamental to unveil and distinguish important parcels of information, namely
using contrasts of saturation, luminance and tone. Both authors agree that designers
should use a limited and cohesive color palette to keep the reader/user focused on the
information. But does this happens in practice? Do news outlets have specific color
schemes or do they chose them according to themes of particular editorial choices.
Then, the research question was raised: how are Portuguese media using color on the
infographics published in their websites?

To answer the question, we took into account: the frequency of digital infographics’
publication; trends and patterns in colors for backgrounds, typography and graphics;
the relation between the visual identity’s general color palette and the colors of each
infographic; and the differences and similarities between news outlet (both daily,
weekly and digital newspapers).

The analysis assayed the last 10 infographics published by the chosen generalist
news outlets between 22nd of April 2017 and 22nd of April 2018. Our study focusses
on the websites of the daily newspapers Publico, Jornal de Noticias, Correio da Manha
and Diério de Noticias; the weekly newspaper Expresso and the digital Observador.
Both I (daily) and Sol (weekly) were in the initial group, but were later removed due to
the lack of infographics published in said period.

2 Methodology

In this study, we used a qualitative non interventionist methodology. First of all, we
conceived a analysis sheet, to collect the following information: news outlet, author,
data, title, theme, and the color samples of graphics, backgrounds and typography. The
latter was accomplished with the collection of all the RGB color samples. Then, the
samples were organized and classified according to NCS (Natural Color System)
(Fig. 1). This system aims to identify colors the way they are perceived by the human
eye [10], through the positioning of each sample in a three-dimensional space. This
space is delimited by luminance, saturation and tone. On the other hand, it consideres
the six elementary colors perceived by humans: yellow (Y), red (R), blue (B), green
(G), white (W) and black (S).

Fig. 1. The Natural Color System’s color space
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3 Case Study

The first step was the collection of the sample of analysis. We identified and labeled a
total of 60 infographics, 10 from each of the eligible news outlets. Then, we collected
the color samples from the infographics, and grouped them by news outlet. This
process was repeated thrice, for backgrounds, typography and graphics. In total, we
assembled and identified 367 color samples. Lastly, we organized the samples in the
NCS plans according to our previous categorization (Fig. 2). The corporate identity
color of each news outlet was added to each plan, because it was frequently used in
infographics.

Piblico Jornal de Noticias

Fig. 2. All color samples, by news outlet

Since it became clear that colors tended to be applied repeatedly throughout the
infographics, we gathered and analyzed all the samples together (Fig. 3). When looking
at the big picture, it easy to identify a general preference for light and saturated color,
instead of dark and medium colors. This pattern is clearly visible in the image below.
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Fig. 3. All color samples, organized by luminance and saturation

The usage of light colors is also prominent when analyzing backgrounds. From the
60 infographics, 42 (70%) have white backgrounds, 13 (21%) have light colored
backgrounds, and only 6 (10%) have dark backgrounds. The last 2 (3,3%) have pho-
tographic backgrounds. This phenomenon is more evident in Diério de Noticias and
Correio da Manha, which demonstrate a wide variety (8 and 7, respectively) of light
colors in backgrounds.

When looking into the typography (Fig. 4), there was also a clear preference for
saturated colors, particularly in Jornal de Noticias (5 samples), Correio da Manha (8
samples) and Observador (8 samples). These saturated colors are usually applied in
light or white backgrounds. However, in 48 from the 60 infographics (80%), there is
black text. White or light colored text is always found in saturated or dark colored
graphics and backgrounds or over photography.

In terms of tone, there is also a clear color pattern across the 6 news outlets. When
analyzing colors in graphics, the 290 color samples allowed us to unveil the preference
for yellows, reds and blues. This is visible by the repetition of color samples in the
codes Y-Y30R, Y70R-R and R80B-B (Fig. 5).

Then, it came the time to establish a comparison between static and interactive
infographics. And, unlike thought previously, there were not any visible differences
between the two groups. Among the 60 infographics in this analysis, only 14 were
interactive, as opposed to 46 static infographics. This numbers only reflects in the
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Fig. 4. All color samples in typography, organized by luminance and saturation

Fig. 5. All color samples in graphics, organized by tone

number of color samples collected, because even if the two groups aren’t equally
represented, they show similar patterns in usage of colors. Figure 6, static infographics,
and Fig. 7, interactive infographics, clearly show the similarities between them. The
one visible difference between them is that interactive infographics show a prominence
of bright reds, which are less representative in static infographics.

During the analysis, the correlation between number of samples and frequency of
publication became notorious. Later, we could attest that, in fact, the news outlet that
publishes the least amount of infographics - Observador (with a frequency of,
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Fig. 7. All color samples in interactive infographics

approximately, 1 infographic in 29 days) - is also the one who uses a greater quantity of
colors (81). On the opposite side, Correio da Manha (10 infographics in 4 days) applied
only 28 colors, in total. In general, and across all six news outlets, a smaller number of
colors signifies a repetition in their usage, which strengthens the corporate visual
identity. However, this last statement cannot be confirmed by the present research.

In terms of typography and backgrounds, this correlation between frequency and
number of colors was non existent. It is, nevertheless, possible to state that Correio da
Manha uses the same colors in both typography and graphics, which does not happen
in any other news outlet.
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4 Critical Assessment of Results

Considering the results of data collection and analysis, it is possible to distinguish the
news outlets who chose the color palettes of their infographics according to its theme
and the ones who do it according to the corporate visual identity. The first would be the
ones who present a higher number of color samples, since each theme might require
very different colors instead of perpetually applying the same colors. It should be
natural that the news outlets with a lower number of samples would be the ones with a
higher publishing frequency, since choosing colors takes more time than using a
predefined palette. However, this research was not extensive enough to affirm that as a
rule, neither in static nor interactive infographics. Correio da Manha and Expresso are
the news outlets which tend to repeat the same colors throughout all their infographics,
while the rest (Publico, Jornal de Noticias, Observador and Diario de Noticias) usually
use a wider, more varied selection of colors, that are interchangeable according to
thematic.

Observador is the news outlet with the biggest number of color samples in general
and the highest quantity of colors in each individual infographic, alongside Publico. As
all of their infographic contents are created using an online tool - Infogram - it safe to
say that colors are also predefined according to number of variables and contrast
between them. This would explain why there are so many color samples for very
similar shades and why they aren’t coherent between them.

It is equally interesting the similarity of tones used by different news outlets. The
curious phenomenon is that the bigger difference between the six news outlets is the
number of colors not the colors per se. This pattern is evident in both hue, luminance
and chroma and in both static and interactive infographics. Tufte [11] states that colors
form nature - blues, greens and grays - allow for the creation of visual harmonies that
are familiar and pleasant to the human eye. As the analysis uncovered, Portuguese
media outlets tend to avoid greens in favor of other colors, which contradicts the
author’s statement. Years later, Cairo [4] asserted that saturated and bright colors are
useful and appropriated to highlight more important parcels of information because
they are immediately recognized by the human eye as something radically different.
This would explain the preference of tones of red across all infographics in all news
outlets. Cairo’s statement also justifies why so many infographics present so many
contrast by saturation: when bright or saturated colors appear next to or over lighter
colors or white [12]. This kind of contrast is pivotal for digital legibility and readability,
specially because reading in screens in more challenging to the human eye that it is
reading in paper [13], which gets even more difficult as the size of screens diminishes.
Color contrast is particularly important to readability and legibility in smaller screens,
such as smartphones and tablets, because reading in these devices is expressly more
difficult [14]. To ease this difficulty, Mills and Weldon [15] believe that text legibility is
higher when the contrast between type and background is polarized, as it is in black and
white. The authors affirm that luminance is the fundamental factor in the reading
process. Furthermore, a pronounced contrast between graphic elements (graphics and
text) and background can improve the reading experience of all users, but specially
seniors and people with visual deficiencies [16].
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However, Zuffi, Brambilla, Beretta and Scala [16] claim that a color contrast
doesn’t equal higher readability, if the difference between luminance in both colors
isn’t sufficiently high. Legge, Parish, Luebker and Wrum [17] state that contrast in tone
and contrast in luminance play very different roles in legibility and readability and that
both can be equally efficient when used right. Taking all this into account, it is not
surprising that the vast majority of the infographics in this study presents black text
over white background, once this is the most legible combination.

5 Conclusion

By the end of this research, we can affirm that Portuguese news outlets don’t present
much differences in the usage of colors in digital infographics in their websites, both in
static and interactive. The six general color palettes were concordant in terms of
saturation, luminance and tone. Every news outlet shows a preference for light colors
for graphics and backgrounds, saturated colors for graphics and black for text. There is
also a prominence of tones of yellow, red and blue across all static and interactive
infographics. With red being a particular strong color in interactive infographics.

The fact that, regarding contrast between typography and background, there are not
big differences between static and interactive infographics, leads to the conclusion that
the choice of colors is more related to the pursuit of readability and legibility than to the
interactive nature of infographics. And given that the comprehension of the message by
users is the main objective of any news outlet it is justifiable that every decision
revolves around it. It must not be forgotten that an infographic in a journalistic context
is a piece of news and although it is also a design artifact, it isn’t usually conceived as
one. It must not be forgotten that journalists usually design infographics in news outlets
and that they might lack design competences. Or that, even when designers or design
teams conceive infographics, they usually follow colors, types of graphics or typog-
raphy previously designed for the company, which forcibly limits choice.

However, these news outlet also differ in number of samples versus frequency of
publication of infographics. In general, the newspapers that publishes the most info-
graphics are also the ones with fewer color samples. The latter are also the ones who
tend to repeat the color scheme of their visual identity in their infographics. This leads
to the perception of a stronger corporative image. On the other hand, more complex
infographics - with particular color schemes - have the feel of a design project, with
builds the credibility of the content in itself.

In future investigations, it would be interesting to include sports and economic
newspapers, as well as weekly news magazines. It would also be pertinent to test with
users how the repetition of corporative colors in infographics and specific color
schemes affect the overall perception of the brand in terms of trust and credibility. In
what concerns Design, it could be pertinent to study the correlation between quantity of
colors and complexity of infographics, in terms of composition, types of graphics and

typography.
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Abstract. It has been established that an attractive heritage presentation is
crucial for successful media coverage of natural and cultural heritage. New
infographic technologies and audiovisual languages can accomplish this by
communicating complex processes in simple, understandable information, thus
providing a high-quality cultural experience to visitors. This study highlights the
importance of information design in interpretation, presentation and dissemi-
nation of heritage, and in prompting visitors to direct their attention more closely
to singularities and distinct heritage aspects of a place. Through a theoretical
reflection and presentation of several examples, we strengthen guidelines that
we think are determinant for way heritage is perceived and informed to public,
further improving systems and processes used for integrating infographics into
communication materials. We argue that an attractive and functional heritage
presentation is crucial for its successful media coverage and we highlight the
importance of infographics and graphic identity in heritage information and in
preserving its memory.

Keywords: Information design - Infographics - Natural and cultural heritage -
Wayfinding systems - Cultural tourism

1 Introduction

Many municipalities see tourism as an opportunity for development in their region, and
make a significant investment in media and publicity to attract tourists. However, it is
often placed too much emphasis on the tourism product itself and too little attention to
goals and desired effects that users seek to achieve when visit a place. Therefore, there
should be a clear and conscious initial planning, which establishes relationship between
goals, content, graphic design and physical location. There are still many examples of
“poor” information about heritage sites, which can be decisive for success of a tourist
destination. We need to communicate, inform and make heritage accessible to an
audience that sometimes is completely unaware of what they are visiting.

Having these previous premises as a starting point, we aim with this study: to use
information design to benefit tourism, more specifically cultural tourism and to find
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effective solutions in presentation and communication of its natural and cultural her-
itage; to relate some theoretical foundations underlying heritage and cultural tourism,
information design and graphic design areas; to demonstrate how visual information
can contribute to a deeper knowledge of specific peculiarities of a certain
region/location and present solutions that have an accessible and high quality infor-
mation, aiming to have a greater perception and dissemination to a wider audience; to
study and clarify the importance of graphic identity in heritage sites presentation and
promotion in order to reinforce their differentiation, as well as the experience visitor has
on location; to emphasize information designer role as informational message decoder
using a visual language that aims to present a complex information message in an
accessible and simple way without losing its content.

It is important to mention that some of the considerations and examples presented
in this article are the result of a deep research that took place previously and that
interconnected information design with cultural and natural heritage.

Having the following hypothesis as initial premise: information design may be
indispensable for a greater perception and comprehension in communication of her-
itage messages by presenting visually and exclusively, information that disseminates
unique aspects of natural and cultural heritage of a place, we defined a qualitative study
based on a methodology justified by literature we find most relevant considering the
proposed objectives in the cultural tourism, heritage and information design areas; we
observed and described specific examples and conducted a visual survey of info-
graphics about heritage through a website where we compiled these references.

2 Heritage Presentation, Interpretation and Promotion

According to Herndndez and Tresserras [1], heritage role is now seen as socio-economic
facilitator and as a privileged agent of local development. Besides, according to authors,
cultural heritage is one of the basic resources for setting up a tourist destination. The way
heritage is communicated, the experience in a certain region, the customs of a local
community, is, therefore, very important to attract potential tourists who wish to escape
standard mass tourism circuits and are interested in more specific issues of a certain
region. Cultural tourism manifests itself as a way of consumption of realities that refer to
heritage of a population, a nation or a continent, which someone wants to know and
understand to be able to enjoy its meaning and contemplate it fully [2]. Queir6s [3]
emphasizes that, nowadays, cultural tourism has become a “mass tourism”, especially of
middle class; and the “taste” of this class is a concept that must be considered together
with the voyage “motivation”, identifying itself more with the products of culture in its
double dimension, aesthetic and ethical. Same author also states that cultural tourism
incorporates content and matters from culture and scientific culture fields, particularly
museology and heritage sciences, but adjusted to the dynamics and the tourism economy
goals, in the management of their value chains. Emmendoerfer and Ashton [4] state that
tourism can be an efficient way to (re)define and (re)value culture and local/regional
identity in territories and that tourism promotes the consumption of identity, culture and
what is produced and lived locally, influenced by the atmosphere and ambience of the
local cultural capital. Authors conclude that tourism can be considered as one of the
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development sources that take into account the consumption of cultural goods and
services. Previously, Guerreiro [5] reinforced the idea that we should pay more attention
to environmental, cultural and historical heritage of each region, therefore, being nec-
essary to emphasize regional and local specificities, because this is the only way that
each of these regions should assert and stand out in the competition panorama between
regions and the European context we are inserted. Besides, European Union, in 1993,
already had reinforced the idea that cultural tourism contributes to strengthen cultural
identity of the community, allowing to establish differences and similarities between the
member countries [1].

According to Fernandez and Ramos [6], cultural heritage of a country, region or
city is comprised of all those elements, tangible or intangible manifestations produced
by societies, the result of a historical process where the reproduction of ideas and
materials constitute factors that identify and differentiate that country or that region. For
Alves [7], heritage encompasses the specificities of a culture, population quotidian, in
its form of conviviality and expression, not being imposed, created and transferred, but
that represents values attributed to works of art, buildings or any other object that has a
special meaning for individuals and communities.

Therefore, we can state with conviction that information is an essential component
of heritage - for example, to know how, when and by whom a musical instrument was
played, enriches our knowledge of the human context that proceeds it — and the
transmission of this information turns out to be as important as the object itself [6].
According to Hernandez and Tresserras [1], the interpretation facilitates the presenta-
tion and social use of heritage, and allows us to offer different interpretations and
options for an active use of it. Alves [7] states that the reasons and motivations of
tourists when they are choosing a location to travel, are carried through their symbols
and signs and the constant coming and going of tourists, they are processed by sym-
bolic exchanges through colors, shapes, ways, smells and techniques. The tourist
destination to meet needs and desires of your visitors, encompasses several informa-
tions of its space, senses and symbolic meanings attributed to tourism between the
different social actors [7]. Mental image formed of destination to be visited, is part of
motivation that drives the individual to travel to the location to be visited [8]. Gallarza,
Saura and Garcia [9] corroborate this statement by saying that the image of the tourist
destination is important because it affects the individual subjective perception and thus
the behavior and choice of destination. Yazigi [10] highlights the need to consider the
existence of “place’s soul”, stating that soul is the best part that remains of a place and
therefore transcends time. Same author points to an interaction of people who nourish
feeling towards their place of living, demonstrating that there is soul when there is
passion of people for the place. For Norberg-Schulz, the term “place” is much more
than one location: “In general, nature forms an extended comprehensive totality, a
“place”, which according to local circumstances has a particular identity” [11].

So that heritage presentation can meet a series of assumptions in order that visitor
has a cultural experience of quality, this presentation will have to go through dis-
semination of speech to a diversified audience sectors, by an attractive communication
speech using necessary and possible means to stimulate a visit of quality, by using new
technologies and audiovisual languages to communicate complex processes [1].
According to Hernandez and Tresserras [1], heritage presentation must include
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publications that make available various levels of information to public, such as leaflets
with general information of the institution and services it provides, maps and info-
graphics to facilitate orientation of visitor, well-illustrated pocket guides, educational
books and games for children and parents to visit it with their children, monographs on
specific contents and specialized guides for teachers. It is important to take into account
the design of strategies for presenting heritage to all audiences. However, this heritage
presentation shouldn’t be limited to the direct contact between the public and heritage,
but should also have as main purpose a greater understanding and communication of
what is exposed [2]. According to Silvan [12], heritage presentation must be done in an
attractive way, stimulating visually and causing reflection, while maintaining the his-
torical accuracy and respecting the heritage integrity.

In the same way that presentation “in situ” allows the contact between visitor,
places and monuments, besides helping to promote the heritage among general public,
there are other means, such as television, press, radio and new technologies, which
contribute positively to making it more accessible. New technologies enabled enor-
mous possibilities of heritage diffusion, by allowing incorporation of texts, images and
sounds that offer a more effective reading of information. Through interactivity, users
can manage the information freely, having a large database on which results of work in
the field of a general or specific heritage can be concentrated [2]. When we talk about
new technology, we are also talking about new forms of heritage media coverage;
Ioannides et al. [13] refer the benefits of exploitation the modern technological
advances, in the electronic restoration, preservation and documentation of any kind of
cultural heritage. A feature mentioned often in this matter is the increasing use of 3D
digital modeling in cultural heritage field as a very effective and intuitive form of
communication [14]. According to Manferdini and Remondino, in the last few years,
the use of 3D technology has represented a fundamental shift of our cognitive model -
the availability of 3D digital replicas, compared with the usual photos, videos or
drawings, enables to communicate scenes or objects that have intrinsic three-
dimensional features more effectively. This form of representation has changed the way
we access and exchange knowledge, expanding possibilities of interpretation and
analyze of the past, helping to simulate the reality more objectively and reliably [14].

Heritage divulgation integrates necessarily graphical definition of materials in
which the information is presented, and therefore, the definition of trademarks or logos
associated with these communication materials. The brand will be composed by the
region cultural identity and must transmit the product concept, attributes and benefits
[15]. According to Lopez [16], brand has the idea of distinction implicit, with the aim
of distinguishing one thing from another; branding is to highlight one thing to be
distinguished from another. The same author states that something “branded” is
highlighted, belongs to someone or means something.

For Brizolla [15] in the positioning there should be a careful consideration of the
message and the amplitude value of cultures that are being promoted. Images and
phrases used must stimulate the imagination of the tourist, motivating the tourist to
travel - promotion of a destination must reflect region reality, avoiding that culture
becomes only a commercial show devoid of any meaning and significance (for
example, Santiago de Compostela - the Pilgrims City).
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3 Information Design in Heritage Information Developing

According to Wildbur and Burke [17], information design as a discipline, has efficient
information communic