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Preface

The International Workshop on Gerontechnology (IWoG) aims to promote research
and scientific exchange related to Gerontechnology, and to bring together
researchers and practitioners from various disciplines of the academia, public
administrations and industry in order to tackle emerging challenges in the
Gerontechnology applications and associated technologies, as well as to assess the
impact of these technologies on society, media and culture.

This volume collects the full research papers (field, statistics, technical and
vision works) and short research papers presented at the Third International
Workshop on Gerontechnology (3rd IWoG), held virtually, during November
16-20, 2020. On this occasion, there were three venues where the virtual sessions
took place: University of Extremadura (Céceres, Spain), University of Evora
(Evora, Portugal) and University of Cauca (Popayéan, Colombia).

The Third Edition of IWoG accepted contributions related to different dimen-
sions of Gerontechnology: use of technology to improve functional ability and
promote healthy aging; health interventions to support caregivers of elderly people;
the effectiveness of public health initiatives and clinical interventions to prevent,
reverse or mitigate decreases in physical and mental abilities; solutions for active
aging, social integration and self-care; monitoring and management of chronic and
non-chronic diseases in ambient-assisted living; learning, training and coaching
systems to promote healthy life in ambient-assisted living environments; smart
homes and sensor networks for ambient-assisted living; context-awareness in
ambient-assisted living environments; use of context and location information in
user interfaces; elderly nutrition; health, wellness and disease monitoring; knowl-
edge management for health (context, cognition, behavior and user modeling);
health ecosystems (frameworks, models and methodologies); smarts technologies
and algorithms for health.

This workshop was organized by the Program Committee (PC), with a senior PC
composed of well-known experts from the field in charge of monitoring the work
and animating the discussions of the broader regular PC. This made it easier to run
the virtual PC meeting of the full research papers track and the discussion about
each paper.



vi Preface

The program for IWoG 2020 was versatile and multifaceted. In this workshop,
there were only full papers, and we selected 40 out of 135 submissions, resulting in
an acceptance rate of 29,62%. Last year, at IWoG 2019, we had 77 submissions, so
this year, we have had a 75% increase.

This excellent and comprehensive program would not have been possible
without the help of those who contributed to the success of the event. We would
like to thank all the different chairs for their hard work. Our thanks also go to Daniel
Miller, Maria Julieta Oddone, Maria Angeles Duran and Ana Maria Porcel who
imparted the main talks of the workshop.

We are grateful to our local organizers 4IE team of University of Extremadura,
University of Evora and University of Cauca for their logistical support, and to
Springer for publishing this volume. In addition, we want to thank the PC members,
the additional reviewers and the student volunteers for their effort to make IWoG
2020 a very special event, both in terms of academic ambition as well as practical
arrangements.

Finally, we want to thank you, authors and the IWoG community, for taking the
time and effort to participate in IWog 2020.

December 2020 José Garcia-Alonso
César Fonseca
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Detecting and Monitoring Depression
Symptoms According to People’s
Behaviour Through Mobile Devices

Daniel Flores-Martin®)®), Sergio Laso®, Javier Berrocal®,

and Juan M. Murillo

University of Extremadura, Céceres, Spain
{dfloresm,slasom, jberolm, juanmamu}Qunex.es

Abstract. The symptoms of depression cause patients to face psycho-
logical barriers that dictate the search for treatment. Also, people’s daily
behavior allows us to identify different symptoms of depression in combi-
nation with intelligent devices that accompany us in almost any situation
and contain a large number of sensors. In this sense, mobile devices can
be used to monitor people’s behavior and, thus, identify if people could
have diseases such as depression. However, current technologies or appli-
cations require constant user intervention to provide an approximate
diagnosis of possible symptoms, which is a major barrier for patients.
This work presents a set of applications designed for mobile devices that
passively detect the symptoms of depression, reducing possible obstacles
in the identification of this disease. This detection is based on infor-
mation obtained from mobile devices, such as device use, locations and
text message content. In addition, this information can be monitored by
experts in the field of health, with the aim of providing a more com-
plete diagnosis. Therefore, thanks to the analysis of this information and
the use of the developed applications, the detection of these symptoms
is transparent to the person and can also be monitored by specialized
health professionals.

Keywords: Depression + IoT - Healthcare + Medical staff - Context
information

1 Introduction and Motivations

Depression can become a severe health problem, especially when it is long-
lasting. In addition, it alters people’s lives in terms of work, school and family
activities. According to the World Health Organization (WHO) [1], depression
is the leading cause of mental disorders and disability worldwide. More than 300
million people suffer from depression, or in other words, more than 4% of the
world’s population.

Depression cause people to not find professional help [2] and prevent them
from identifying their disorders. Once detected, its measurement is conducted
by professionals by means of tests, such as Mood and Feelings Questionnaire [3]

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021
J. Garcia-Alonso and C. Fonseca (Eds.): IWoG 2020, LNBE, pp. 3-10, 2021.
https://doi.org/10.1007/978-3-030-72567-9_1
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or Beck’s Depression Questionnaire [4]. Moreover, visiting the psychologist and
completing these tests is another obstacle for patients with a low mood, which
difficulties even more the search for treatment.

Modern smartphones allow us to monitor people’s mental health condi-
tions [5,6]. This is why mobile applications have been developed for this purpose
such as Moodpath [7], that evaluates mental health through a series of questions
and allows the results to be shared with specialized therapists; MoodTools [8],
that helps people to combat depression and alleviate negative moods; or Talk-
Life [9], that offers support with a community to do group therapy. These appli-
cations usually present some questionnaires that, once answered, are evaluated
by a specialist or directly by an information system. However, they require that
the patient actively performs the evaluation and does so periodically to maintain
the control of their health.

Moreover, the capabilities of mobile devices to detect, store and compute con-
textual information has grown enormously. Therefore, psychological studies, such
as [10] and [11] are based on their use to detect the people’s behaviour and identify
symptoms of depression. Nevertheless, these studies are mainly theoretical.

In this work we propose a series of extensible mobile applications that monitor
their owners in order to detect symptoms of depression in a passive way. This
detection is transparent for the mobile owner, reducing the barrier that presents
the use of this type of applications. The applications allow us to monitor different
dimensions (device usage, locations, text messages analysis, etc.), to store the
information and to offer it to any other application that requires it. In addition,
the system can be extended by adding new modules to monitor other dimensions.

The rest of this paper is structured as follows. After this introduction, Sect. 2
details the framework architecture. Then, Sect. 3 shows the obtained results.
Next, in Sect. 4, the architecture is evaluated. Finally, in Sect. 5, the discussion
and some final conclusions are drawn.

2 Framework Development

To improve the identification of depressive symptoms and their evolution over
time, we used the People as a Service (PeaaS) [12] computational model. This
model is used for monitoring people to identify what activities they perform,
their frequency, duration, etc. As shown in Fig. 1, this system is divided into
three applications. An application focused on capturing, storing and processing
contextual information. Another application for the analysis of such information
for the detection of symptoms of depression. And, additionally, an application
for the control of patients with depression. Besides, to calculate the depression
score, three mentioned dimensions are taken into account:

— Device usage. [10] indicates that people with depression spend, on average,
68 min a day using the mobile phone (while non-depressives use 17). The
application monitors the usage time of the device over a week. If the recom-
mended limit is exceeded, the depression score is incremented proportionally.
Similarly, points are subtracted proportionally if the limit is not reached.
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Fig. 1. Architecture of the depression monitoring environment.

— Position capturing. [13] indicates that non-depressed people spend an aver-
age of 49 min a day away from home doing leisure activities. The application
monitors the location of the users to detect time spent doing leisure activi-
ties (restaurants, cafes, art galleries, shops, etc.). Again, the depression score
is incremented or decremented based on the amount of time spent on these
activities.

— Messaging applications. The users’ conversations are analyzed by a developed
model that categorizes the conversations moods as positive or negative [14].
The depression score is again updated having into account the mood of the
user’s conversations.

3 Results

Using the architecture presented above, three applications have been developed
[15] that help with the early detection of depression symptoms (Fig. 2). The
three applications developed for this study are detailed below.

User Monitor Application: HealthTracker

This application monitors different dimensions of a person’s context. It is com-
posed of the following modules:

— Communication. It provides communication features, sending and receiving
notifications based on the information captured from the person.

— Context manager. It exposes all the information captured by the differ-
ent monitoring libraries, either to be accessible by other libraries, or to be
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Fig. 2. Architecture of the depression monitoring environment.

consumed by third applications (e.g., the depression detection application).
In this case, this information is related to the mobile device usage time, the
places visited by the person and the mood of the user text messages.

— Libraries Management. Each library contains all the necessary logic to
monitor one of the dimensions of the person’s context. To identify symptoms
of depression, the three dimensions mentioned above are monitored.

Thanks to this application, we can monitor the different contextual dimen-
sions of people, add new dimensions in a simple way, provide the monitored data
to other external applications and re-configure the monitoring depending on the
specific requirements of external applications.

Depression Detection Application: DepressionMod

This application detects different symptoms from the contextual information
captured by the previous application. It is composed by the following compo-
nents:

— Configuration Parameters. It establishes the monitoring configuration
necessary to identify symptoms of depression communicating with the moni-
toring application.

— Depression Estimation. It processes the information captured by the mon-
itoring application to identify symptoms of depression and provide a depres-
sion score.

— Depression History. The different calculations of depression obtained
weekly are stored in a database.

— Communication. Finally, the depression estimation can be sent to special-
ized medical staff or to a member of the person’s family.
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Thanks to the use of this applications, people can be transparently monitored
to detect possible depression symptoms.

Medical Staff Application: HealthCare

This application allows the medical specialists to visualize the depression data
received from each of the associated patients. It is composed by the following
modules:

— Communication. It receives and manages the messages with the depression
information from the different patients.

— Patient Manager. It allows the medical staff to associate the information
received to a specific person and visualize its evolution.

— Patients History. It keeps the evolution of a patient and the different cal-
culations of depression obtained in a temporary order.

By using the developed mobile applications, a person is monitored to detect
possible symptoms of depression passively and professionals can be informed if
necessary.

4 FEvaluation

To evaluate these applications, 3 people have been followed for a week, which
is how often the original application performs the analysis, using the libraries
mentioned above. The Table 1 shows the values of the depression score calcu-
lated for each dimension, compared with the maximum depression score for that
dimension, and the final depression score.

Table 1. Depression estimation for 3 people monitored during a week

Used libraries Person 1 | Person 2 | Person 3
Position capture 170/170 |170/170 | 170/170
Daily device usage 230/230 |230/230 |230/230
Messaging analyzing 70/200 |104/200 | 158/200
Total points 470/600 | 504/600 | 558/600
Depression estimation | 78% 84% 93%

As can be seen in the table, all three volunteers have obtained the maximum
score in location, which means that none of the users have stayed long enough
in places considered to be anti-depression. As with the location, all volunteers
scored the maximum number of depression points in screen usage time, which
means that they all doubled, at least, the maximum usage time set. In the third
aspect of the analysis, the results are more varied, we proceed to analyse each
of the devices in-depth:
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— Person 1: the first volunteer is the one with the least number of depression
points (70 points). The volunteer presented a fairly small number of conver-
sations. Moreover, many of these have been classified as negative.

— Person 2: the second volunteer scored a total of 104 points out of a maximum
of 200, this being due to the large number of conversations he had during the
test period, many of which had a negative connotation.

— Person 3: this volunteer has scored the most points (158 points). It is the one
with the highest number of conversations, of which several are positive, but
most have a negative connotation.

The results provided by the application are compared to the results of the
Mental Health America (MHA) [16] test. None of the volunteers have been diag-
nosed with a depressive disorder, but they have been tested for symptoms of
depression prior to testing. This test estimates a person’s level of depression
based on a questionnaire. The test estimates the number of points based on the
answers entered by the user. The results obtained range from minimal depression
(between 1 and 4 points out of a maximum of 27) to mild depression (between
5 and 9 points out of 27). Table 2 shows the comparison of the data obtained
through both approaches.

Table 2. Applications and MHA test results comparative

People | Applications results | MHA test results
Person 1| 78% 1
Person 2 | 84% 5
Person 3| 93% 6

As we can see in the table, although the results obtained from the tests are
quite high compared to those obtained from the survey, the increase in points
obtained can be seen according to the device. The variations in the test results
are very subtle, but this is because both in location and in screen usage time all
the devices have obtained the maximum score.

Even so, there is a relationship between the values obtained through the
applications and the MHA test, which indicates that the methods used in these
three libraries offer a valuable result in the transparent detection of the symp-
toms of depression.

5 Discussion and Conclusions

As mentioned above, depression is a mental disorder. Among the most important
symptoms are pathological sadness, loss of interest and ability to enjoy and a
decrease in vitality that limits the level of activity and produces exaggerated
tiredness. This work is based on the amount of time people spend using a mobile
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phone, the time they spend at home, at work or doing different activities and
the mood of their text message conversations. These factors have been selected
because they can be monitored transparently through a smartphone.

The proposed applications allow us to detect possible symptoms of depres-
sion, but they are never a substitute for a health professional. However, they
offer a complete tool to be able to act in time and establish a treatment when
necessary.

Mental disorders are difficult to identify. In addition, this identification often
requires the completion of a series of questionnaires that pose a strong barrier
to the great majority of patients. Besides, people’s daily behavior allows us to
automatically identify some of the symptoms of these diseases.

As future work, there is a need to add additional parameters to the model
such as age. Not everyone follows the same rules regarding the use and location
of the device. An elderly person is not usually likely to move around as much or
use a mobile device as much.

Mobile devices accompany us in practically any situation and contain a large
number of sensors capable of identifying people behavior. This work presents an
extensible system capable of monitoring different aspects to identify depressive
symptoms passively. With this system, a person can detect possible symptoms
of depression in a way that is completely transparent to them and, moreover,
the healthcare staff is reported about his/her evolution to take such action as
may be necessary.
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Abstract. There are many pathologies and capacity losses that progress
with a similar evolution profile in certain groups of people. Health pro-
fessionals are becoming increasingly knowledgeable in anticipating the
development of these pathologies through preventive medicine. However,
the increasing amount of data, coming from the collection of informa-
tion from a larger number of patients, makes it difficult to analyse it
manually. In the case of gerontology, it is difficult to classify in groups
the evolution of the elderly for common pathologies in that age group.
To be able to do this would make it possible to know in advance how a
pathology or capacity loss will progress in an ageing person and to apply
the corresponding preventive procedures. There are already works that
try to improve the results of preventive medicine, but these are focused
on analysing the current state of the patient and not their foreseeable
future. In this article, time series forecasting by means of recurrent neu-
ral networks is used to analyse the evolution of the functional profile of
ageing people as a time series. Based on the patterns contained in the
patient’s time series and in the training of a model with data from previ-
ous patients, it is possible to determine the future evolution in patients
with a similar history. To do this, functional profile data collected on an
assessment platform developed by the authors of this article is used.

Keywords: Preventive medicine + Medical informatics - Recurrent
neural networks - LSTM - Time series forecasting

1 Introduction

With the increase of age, many patients develop pathologies and capacity losses
common in the ageing population. Many of these pathologies and losses are
progressive and show a similar evolution in people with similar characteristics
[1]. Examples of these are dementia [2] or the deterioration of the functional
profile of elders with time [3]. In particular, the latter is something that affects
most of the ageing population.
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These capacity losses present, in many cases, common patterns of evolution
in patients with similar characteristics [1]. This makes it possible for health
professionals to anticipate the progression of the capacity loss and combat it as
soon as possible. However, to classify each patient case manually is sometimes
difficult (or even impossible). Specially, in environments where many patients are
treated and there is a need to distinguish between different types of evolution
for a given condition. Therefore, in many cases it is complex to anticipate how
a patient will evolve and to apply preventive procedures.

To solve this problem, there are proposals that provide software for health
professionals to process patient data in order to help with their diagnostics. In the
field of preventive medicine, there are proposals that allow, based on a patient’s
health measurements at a specific moment, to determine if the person suffers
from any illness [4,5]. For this purpose, Machine Learning and Deep Learning
techniques are applied. However, these proposals use the patient’s current state.
They do not allow to infer how the patient’s condition will evolve in the future
to determine if they will suffer from the disease or capacity loss in question or
how it will progress. Other proposals analyse, on a theoretical level, the use of
deep learning to be able to analyse patient data like a time series and predict
future values [6].

This article implements a deep learning model that, based on training with
data of the already known evolution of patients as time series, allows the pre-
diction of the future evolution of other patients in the use case of the dete-
rioration of the functional profile of the elderly. The information provided by
the development of the Multidimensional Integrated Assessment Platform for
elderly (MIAPe) [7] is also used as background. From this platform we use the
data of the deterioration of the functional profile of the ageing people and their
evolution.

Thanks to this proposal it will be possible to determine the future functional
profile’s evolution of patients with similar conditions. This will allow the creation
of personalized treatments for each patient at an earlier stage.

To develop this proposal, the rest of the article is structured as follows.
Section 2 shows the works that motivate this proposal. Section 3, details the
proposal indicating the data processing performed, alongside the model devel-
oped to determine the evolution of a patient based on previous data. Section 4
describes the case study and the results of the validation. In Sect. 5 future work
is introduced to increase the scope of this project. Finally, Sect.6 gives some
brief conclusions.

2 Motivations and Related Works

Preventive medicine has a very important place in the field of healthcare. Health
researchers are increasingly stressing the importance of augmenting the number
of educational resources in this field [8,9]. However, the great variety of diseases
(new or not) and the wide range of symptoms that each patient may present for
the same disease, makes it difficult for health professionals to detect them at an
early stage.
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To help health professionals, there are many proposals that try to offer soft-
ware that facilitate their work and complement their medical assessments. An
example of this type is the proposal of Yu et al. [4] that uses supervised and
unsupervised Machine Learning tools to generate predictive models. Thanks to
these models, online health assessments are offered to patients and physicians. In
this way, personalized and preventive care can be offered through telemedicine.
Another type of proposal is that of Sabra et al. in [5], where they are focused on
the importance for preventive medicine of analysing and classifying the medical
characteristics of patients before offering this data to systems that make predic-
tions. Furthermore, it proposes the use of a hybrid architecture, which makes
use of these classified characteristics on various Machine and Deep Learning
classifiers, offering stronger predictions.

However, although these and other solutions help to generate diagnoses that
allow the detection of diseases that would be complex to detect by a physician
without the help of the system, they are limited to work with the patient’s health
data collected until that moment. Therefore, they do not allow to anticipate the
development of a condition, checking out how a condition will progress from
that point ahead. Many conditions show a similar evolution in certain groups of
patients. Therefore, it could be determined how patients are going to progress
according to the evolution of previous patients who presented a similar condition
[1]. To make this type of analysis on the evolution of a patient, time series can
be used [10]. In this way, the evolution of the disease in a patient can be treated
as a time series.

Among the time series analysis techniques, Time Series forecasting is used
to predict future values based on previously observed values, with which a pre-
diction model is trained. Examples of the use of this type of technique are the
prediction of Meteorological Weather [11] or the prediction of the evolution of
cases in pandemics [12]. In the field of health, Hirschfeld pointed out many years
ago in [13] that analysing the time series generated by regular observations of
patient’s health would help in the management of chronic and progressive dis-
eases or capacity losses. To do this, he proposed the use of forecasting techniques
on the automated systems of his time. It is not a coincidence that authors such
as Bhavya et al. have continued to work on proposals of this type, analysing in
[6] the use of different Deep Learning techniques for the generation of prediction
models in healthcare. Thanks to this analysis, they have concluded that the use
of Recurrent Neural Networks (RNNs) and, specifically, the Long Short-Term
Memory (LSTM) RNN, is the best way to analyse time-series medical data.

The solution proposed in this paper uses Time Series forecasting to predict
the future values of the functional profile of the elderly based on the previously
observed values. For this purpose, time series are generated with the parameters
that measure the functional profile of the elderly and are analysed with RNNs,
offering an automated analysis tool. The data collected by caregivers and nurses
in MIAPe for the functional profile of different ageing people are employed as
the starting point.
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MIAPe is a platform for monitoring and grouping information about the
health of the ageing population. For this purpose, the platform employs the
concept of virtual profiles and the integration of health data from IoT devices
[7]. Solutions to automate the interaction with these devices [14] are also being
worked on. Thanks to the integration of the health data of an ageing person in
this platform, it is possible to generate their Personal Health Trajectory [15].

3 Predicting Evolution Using Deep Learning

The solution presented in this paper is divided into two different parts. First,
the acquisition and preparation of the data needed to train the deep learning
model. Next, the definition of the deep learning model, using a LSTM RNN, for
the time series forecasting.

3.1 Data Acquisition and Processing

The first step, before starting to define the model with which the time series
forecasting will be performed, is to prepare the data to be used. To do this,
the data that compose the functional profile of an ageing person has been col-
lected, according to the functional profile evaluation method used in the MIAPe
platform.

According to MIAPe, the functional profile of an elderly person is composed
of five measures: (1) overall score of functionality, (2) self-care, (3) learning
and memory functions, (4) communication and (5) relationship with friends and
caregivers. The values of these measures are calculated with the value obtained
for the three aspects evaluated in the Elderly Nursing Core Set (ENCS) [16] form:
body functions, body structure and ambiental factors. So, knowing the numerical
value obtained in each of these three aspects, the functional profile of the ageing
person at any given time can be calculated.

Having the data of these three parameters for the evaluations that have been
done until that moment, a time series is generated with the evolution of each
parameter for each elder. This way, the evolution of the functional profile of
an elderly is represented by three time series: one for each parameter. So, the
aim is to predict the value that will be obtained in the next evaluation for each
parameter, taking into account that the time between evaluations is equidistant.

In order to generate the time series of each parameter, it is necessary to
collect the ordered values that have been obtained in the successive evaluations
of an elderly person and store them in a structure that maintains this order.
For the given implementation, the values have been stored in an array, so that
each elder has a vector for each of their parameters (see Fig.1). The values of
these vectors are those given to the prediction model for training. At the time
of forecasting with the trained model, the values of the three time series (one
per parameter) of the new elder must be provided as input to the model in the
same format.
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functions structures ambiental factors

Elderly Number

0 [12,12,12,12, 12, 33, 28] [67, 70, 63, 52, 50, 55, 83] [33, 33, 33, 27, 27, 53, 20]
[40, 22, 40, 17,22, 17,20] [95, 82, 95, 65, 82, 68, 58] [87, 67, 87, 80, 80, 60, 60]

1
2 [22,23,17,17] 68, 68, 52, 42) 67, 60, 60, 60]
3 [13] 52] 53]
4 [27] [100] [60]

Fig. 1. Dataframe that store the time series of the functional profiles.

3.2 LSTM’s Model for Time Series Forecasting

The model used to make the type of predictions proposed in this paper (time
series forecasting) is a Recurrent Neural Networks (RNNs) model. A neural net-
work of this type is employed because of its ability to maintain data memory.
This means that its neurons have feedback, taking the outputs obtained with
previous inputs as new inputs. Thanks to this, long data sequences can be anal-
ysed step by step. In particular, between the different types of RNNs, the use
of the Long Short-Term Memory (LSTM) is chosen. This type of RNN has a
better long-term memory than classic RNNs.

After selecting the type of model to be used, each of the sub-sections that
had to be considered for the definition of the model are discussed below.

Type of Forecasting. When a model for this type of analysis is defined, it is
also important to define what type of time series forecasting is being done. Specif-
ically, it is carried out a type of forecasting known as Multivariate Forecasting,
due to the fact that, for a specific time mark in the evolution of the data, there
are more than one observation (one for each of the three parameters/time series
used). Specifically, within Multivariate Forecasting, this is a Multiple Parallel
Series problem because, at the moment of predicting it is necessary to calculate
a new value for each of the parameters/time series that are used as input. So,
there are as many outputs as inputs.

Inputs and Outputs. It is also essential to define which are the inputs and
outputs of the model. In the case of outputs, the model must predict three
numerical values (one per parameter of the functional profile). This is a regression
problem (not a classification one, as it is often the case with neural networks),
so the output values will be continuous values (not discrete).

As input, the three time series representing the evolution of the patient’s
functional will be taken. However, there is no type of RNN that supports a time
series (coded as a vector, for example) of variable size as input. The input that
is given to the model must be of a fixed size. As not all the elders have the same
amount of evaluations and this number is changing (increasing) over time, the
solution is to send to the model a fixed amount of the last samples of the time
series. This amount must be defined and this data is the one used to calculate
the output of the model. In this case, because there are few elderly people with
many evaluations in the dataset, only the last two samples of each time series
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that make up the evolution of the elderly person are taken as inputs. This number
of samples is small but enough for the proposal presented in this paper. For the
application of this proposal in a real environment, a greater number of samples
would be required.

In this way, to be able to analyse the full evolution of an elderly person, each
of their time series will be fragmented into overlapping fragments of three values,
for training (two input and one output), and of two values, for predictions (two
input). For example, a person with 6 evaluations will generate 4 such fragments
for training and one fragment with the two last values to predict the next value
with the model.

Predictions. To predict new values, for each time series delivered as input to
the model, an array with two (ordered) values from this time series must be given
to it. With these values and the learning obtained, the model gives as output
a new value for each of the time series to which the values belong. In this way,
the model is offering the next value of each time series or, what is the same, the
predicted value of each parameter in the next evaluation of the elder.
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Fig. 2. Structure of the LSTM’s model

Structure of the Neural Network. After defining the type of network used
and its inputs and outputs, Fig. 2 shows the structure of the implemented neural
network. This network is composed by only two layers: an LSTM layer as input
and a simple perceptron layer as output.

The LSTM layer is the one that makes this model a RNN. When the problem
to resolve is not too complex, the use of only one LSTM layer is the best option
[17]. In this case, it is a stateless LSTM layer, which does not hold memory from
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one batch to another. This type of LSTM’s configuration is chosen because in
the training dataset the fragments of the time series of all the elderly people are
combined, in order to improve the generalization of the model, to predict the
evolution of an elderly person based on the evolution of others. If it were a stateful
LSTM, the neurons of this layer would keep in memory the results obtained with
the previous training fragments. This gives very good results when the training
is based on only one time series (in this case, if only the three time series of
one elder were used to train the model). This layer is composed of 50 neurons
with relu activation. The number of neurons has been adjusted based on the
validation data. The activation function used has been selected because it offers
better results in terms of learning, but it has the problem that it can flatten the
volatility of the time series. In this case, by using few values as input, flattening
the volatility is not a problem. Finally, this network takes 6 parameters as inputs
(two measurements of each of the three time series of evolution).

The next layer is a simple perceptron layer, as used in MLP neural networks.
This layer is used to transform the output of the 50 LSTM neurons of the
previous layer into the 3 numerical values to be predicted. As activation, a linear
function f(x) = x is used, so that it returns as output the value obtained directly
by each neuron. This is a regression problem, where it is necessary to calculate
continuous values and not to classify them into discrete values.

Training Parameters. To train the model, it is necessary to define another set
of parameters. First, the loss function to evaluate if the model is learning and the
degree of it. In this case, the Mean Square Error (MSE) function has been used,
one of the most used loss function for regression problems. The optimization
function is another of the parameters to be defined. It has been evaluated the
choice of Adam or RMSprop, two of the most used ones. Although both are based
on Stochastic Gradient Descent, the Adam function is better than RMSprop in
terms of performance. Therefore, Adam will be used, together with a learning
rate of 0.0002, adjusted based on the loss and accuracy function. And, finally,
the number of epochs to train, which has been fixed at 400. The reason behind
choosing these values of learning rate and number of epochs will be discussed in
Sect. 4.

To conclude this section, it is important to mention that the value of some of
the parameters discussed have been adjusted according to the data employed to
the validation. The use of a different dataset would imply that parameters such
as the number of layers and neurons should be adjusted. The learning rate and
the epochs would also have to be adjusted again if data changes.

4 Validation

In order to validate the solution presented in this article, a validation phase has
been carried out. Data about the accuracy of the system and the quality of the
training has been collected using a dataset from the MIAPe platform.
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1 2 3 4 7
number evaluations

Fig. 3. Graphic related to the number of evaluations per elderly

4.1 Case Study

The case study used for the validation is the same introduced along this paper.
The data of the elderly’s functional profile collected by the MIAPe platform
have been used. This functional profile is composed by five indicators, calculated
from three measures that are evaluated by the elderly carers through the Elderly
Nursing Core Set (ENCS) form.

In total, MIAPe stores the data of approximately 1300 patients. Of these,
647 have at least one functional profile assessment. There are 720 functional
profile assessments belonging to these 647 different elderlies. Therefore, it can
be deduced that most of the elderly have only one assessment, so their data
will not be optimal to the proposal of this paper. To check this, the distribution
of the number of assessments per elderly can be seen in Fig. 3. Only 22 ageing
people have 3 or more evaluations (minimum number of evaluations required for
their evolution to be used on the training of the proposed system).

4.2 Results and Discussion

With the data collected from the case study, the model developed in the proposal
has been evaluated. For this purpose, the accuracy obtained (Fig.4a) and the
format of the loss function (Fig.4b), which evaluates the learning of the model,
have been measured. This way, with the data represented on the two charts of
Fig. 4, a series of conclusions can be extracted.

Thanks to the accuracy chart, it can be seen that the model is trained without
overfitting, except in the last few epochs. If the loss chart is looked for those last
epochs, it can be seen that this overfitting occurs at the moment the model
starts to learn the training data “by memory”, achieving lower losses than with
the validation set (as opposed to before the overfitting). Having a model with
too many epochs can lead to such a situation. Especially in cases where there
are problems with the data. In this case, they are insufficient.

In order to situate the magnitude of the above statement, it is necessary
to indicate that the dataset only contains data from 22 elderly people, which
with their data allow the generation of 35 records from three evaluations.
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Fig. 4. Results of training with case study’s data for (a) accuracy and for (b) loss.

Of these 35 records, 23 are used for training and 12 for validation. Any model
of Machine Learning needs more data to be able to train correctly. In particu-
lar, Deep Learning models, such as this neural network, need even more data to
train.

In addition to testing the final combination that gave the results shown in
the figure above, other configurations were also tested, which allowed the explo-
ration of how the results varied according to the number of layers, the activation
function and other parameters that are commented on below.

First, it has been tried to modify the structure of the model. The first thing
that has been adjusted is the number of LSTM layers. A configuration with
two layers has been tested. However, it increased the complexity of the model,
reaching an overfitting situation earlier and causing a worse training. In the
LSTM RNN it is common to use one LSTM layer for simpler problems and two
LSTM layers for more complex problems [17]. Configurations with more LSTM
layers are not usually common, so they were discarded. As next step, the number
of neurons in the LSTM layer has been adjusted. Different configurations have
been tested. From 20 neurons per layer to 100. Finally, 50 neurons were chosen, as
the results did not change much. Furthermore, the use of 100 neurons generates
a model with unnecessary complexity (at least with the current amount of data)
and therefore more susceptible to overfitting.

With regard to the learning rate, an effort has been made to adjust it based
on the accuracy and loss function through the epochs. Although the value chosen
is the one that gave the best results, a learning rate totally optimal and that
generate a correct learning has never been achieved. This is clearly due to the
amount of data because, by looking at the Fig.4b, it can be seen that the loss
function starts with a very small decrease (as if the learning rate was low) and
in the subsequent epochs it decreases suddenly (as if the learning rate was high).
Thanks to this, it is known that, with the current data, it will never be possible
to obtain a learning rate that leads to correct learning.

Focusing now on the number of epochs, it has not been possible to determine
an appropriate number because of insufficient data. A high number has been set
to show the oscillation that occurs in the accuracy of successive epochs and how
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the loss function decreases. For the batch size, the default value of keras (32
samples) has been left, because, for the amount of data available, adjusting the
batch size will not bring any benefit. When the amount of data will be greater,
the batch size should be adjusted on the basis that if it is very low there will
be noise in the loss function (depending on the bias of the data also) and if it is
very high the model will not learn correctly.

As discussed in the process of adjusting the most training parameters, there
are several indicators that show that the amount of data is small. Another indi-
cator that has been found is that, although the training and validation sets are
always split in the same way, the results that are obtained if the model is trained
several times vary for each of these trainings.

It is also important to remember that the actual model is trying to deter-
mine the next evaluation based on only 2 evaluations. Therefore, obtaining a
high probability of success is difficult (and even less if there are more different
patients). If there would be enough data to be able to train a model that predicts
based on more assessments, the accuracy would probably increase.

5 Future Works

Having defined everything that has been done so far, it is easy to see that the
main future work is to obtain sufficient data to validate the proposal set out in
this article.

However, by the time this happens, two lines of research have already been
identified for continue working and improving the current proposal.

Determining Using Groups of Patients with Similar Evolution. When
the number of different patients with evaluations increase, integrate the data of
very different patients, with very different evolution, would make the model need
a lot of data to learn correctly and could still decrease its performance. To solve
this, the development of a system that, by applying other patient characteristics
(e.g. age, weight or gender), allows the generation of groups with similar evolu-
tion is proposed. In this way, patients would be classified in these groups and an
independent model would be generated for each group.

Automatic Model Adjustment and Learning. The proposed prediction
model is used in a dynamic environment, where the amount of data is constantly
growing (new patients and new assessments). Because of this there will be certain
situations when the network parameters will have to be adjusted to adapt the
model to the new complexity of the problem. Being able to automate this process
would help to always maintain a model that offers high-quality predictions.

6 Conclusions

This paper proposes the development of a deep learning model that, by using
time series forecasting, allows the analysis of the evolution of the functional
profile of ageing people. In this way, automated predictions will be offered of how
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the functional profile of an elderly person will advance in the near future, based
on their evolution to date and that of patients with a similar more advanced
evolution.

This solution brings benefits to the proactivity of preventive medicine, help-
ing health professionals to create diagnoses for patients by having a vision of how
expect the patient will evolve in the near future. In addition to the functional
profile of the elderly, a solution of this type can be extended to the analysis of
any progressive capacity losses or pathology, which can be analysed using the
evolution presented by the patient.

In order to validate the proposed model, it has been used the data of the func-
tional profile of the elderly stored in the Multidimensional Integrated Assessment
Platform for elderly (MIAPe), developed by members of the research team to
which the authors of this article belong. However, the amount of data available
is still too small to affirm with complete certainty the validity of the proposed
model.

In this way, a series of future improvements have been proposed which would
improve the results obtained by the proposal, when sufficient data are available
to evaluate it.
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Abstract. The incorporation of technology in the improvement of
health care for the elderly is identified as a potential strategy that max-
imizes the effectiveness of the provision of health services, generating
a higher quality of life for older adults. However, an important health
general concern is the security and data privacy. Thus, blockchain tech-
nologies are an opportunity for supporting them in this kind of solutions.
However, due to lack of an unified knowledge about how blockchain could
be applied, we present a systematic mapping study (SMS), in order to
understand from primary studies as blockchain technology is supporting
care solutions for the elderly. We selected Springer, ACM Digital Library,
Scopus, IEEE Explore, and Direct of Science databases, which are consis-
tent with the discipline of study. Among the main findings are different
types of Blockchain that are being applied in many ways to positively
support aspects of the healthcare solutions, such as in the registration,
consultation and transmission of sensitive data, time banks, smart home
sensor, wireless Body Area Networks (WBAN), user login, Wireless Sen-
sor Network (WSN), Ambient Assisted Living (AAL), telemedicine in
solutions combined with IoT or supported cognitive, physical therapy
and others.

Keywords: Blockchain - Elderly - Systematic mapping studies -
SMS - Health

1 Introduction

Globally, the proportion of the population aged 80 and over is projected to
increase more than threefold between 2017 and 2050 [6]. Ageing societies will face
more complicated and costly demands for improved, or even sustained welfare.
These challenges will require major changes including new technologies and social
innovations in elderly care.
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Blockchain technologies has generated interest from various academic and
industrial settings, and its applications have been studied in financial environ-
ments (where it started) and growing in many areas of ICT. In this paper,
we addressed how blockchain technologies has been applied for to supporting
solutions related to the care of the elderly through a literature review using the
systematic mapping method proposed by Petersen et al. [16]. Our research shows
that there is an increasing amount of research into blockchain-based solutions
that can be used to address elder care. Likewise, the literature shows that it is
evidenced that many health technologies and areas are supported by blockchain
to improve the care of the elderly, as can be seen in the results section. The
rest of the paper is organized as follows. Section 2 introduces the definitions and
basic concepts of the study. Section 3 describes the methodology used. Section 4
presents our findings. Discussion and conclusions are presented in Sect.5 and
Sect. 6 respectively.

2 Background

Blockchain applications have been studied in financial environments (where it
started) as well as other growing areas of ICT, evidenced in [2], who carried out
a systematic literature review, yielding a total of 209 high-level articles related
to Blockchain. The public World Economic Forum in 2015 [25], that by 2025,
10% of the world’s gross domestic product will be stored using Blockchain. The
term was initially introduced by Satoshi Nakamoto in an article about Bitcoin
[15]. Now considered as a general purpose technology, used in different industries
and use cases, such as identity management, contracts, supply chain, insurance,
healthcare, voting, among others. Basically, Blockchain consists of a technol-
ogy capable of building an open and distributed database, with a distributed
ledger as core which is collaboratively immutable [26]. The ledger is composed of
interlocking data structures called blocks (hence its name blockchain), arranged
chronologically and correlatively [15]. Each block contains a timestamp, a hash
pointing to the previous block and data of each transaction [7]. The genera-
tion or obtaining of new blocks to advance in the construction of the chain, is
achieved through the use of mathematical functions of data correspondence or
algorithms that have been previously designed and contractually predetermined
by the chain managers. In this way, each time an algorithmic function is applied
to the data to be recorded in the chain, a new hash is output that serves as a
fingerprint uniquely associated with such data [2]. It is not possible to reproduce
the information without the participation of all its nodes and it can be transmit-
ted confidentially without a trusted third party. The technological component
in Blockchain is quite disruptive [13] it can be shaped in different ways by the
actors and needs of each sector where it is implemented [26].

Over the next 20 years there will be a demographic shift from predominantly
younger to older populations [14]. The number of patients with chronic diseases
in the world has increased from 118 million to 149 million in the last 25 years,
while the number will increase to 171 million in the next 10years [1]. Current
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models of care and pathways need to be transformed to become more citizen-
centered and to support greater community resilience and sustainability. This
will require different approaches to information technology innovation oriented
to improve elderly quality of life as they age, in order to reduce the onset of
frailty as they age [14]. There is a need to evolve from predominantly disease-
focused care delivery to socially oriented care with increased attention to quality
of life and social support [19]. However, low-efficiency conventional medical and
healthcare systems cannot provide timely and efficient medical services to the
public [4]. Measuring, tracking and promoting well-being can be useful for mul-
tiple stakeholders involved in disease prevention and health promotion. Cities
and governments are placing increasing emphasis on well-being in public policy
and urban planning. This is consistent with the paradigm shift that has taken
place in public health: from a focus on morbidity and mortality to a focus on
health and well-being.

3 Description of the Research Protocol

We selected the methodology of Petersen et al. [16] for conducting the SMS. The
purpose of the study is to explore the field of blockchain technology in the care
of the elderly. The SMS allowed us to identify and classify research topics in
blockchain technology related to the care of the elderly solutions. Also, different
facets of the schema can be combined to answer more specific research questions.
A SMS is divided into several steps, namely defining the research questions,
conducting the search, searching for relevant articles, writing keywords using
abstracts, and data extraction.

3.1 Research Questions

The first step in a SMS is to define the research questions to be answered by the
study. For searching related primary studies, the following research questions
were defined: RQ1: In what way is blockchain technology being used for the
care of the elderly solutions? RQ2: What security solution does blockchain offer
in this type of solutions for the care of the elderly solutions? RQ3: What type
of blockchain (private, public, other) do the authors use to support the care of
the elderly solutions?

3.2 Conducting the Search

The second step was to search and gather all research papers related to
blockchain technology in relation to the care of the elderly solutions, based on
a specific search string build from the research context and the research ques-
tions. We chose the search string (blockchain) AND (“old age” OR elderly
OR “older people” OR “older adults” OR “senior citizens”), because
it relates blockchain technology with various synonyms used in the care of the
elderly. Having identified the keywords for the searching task, we selected the



26 E. Dulce and J. Hurtado
relevant electronic databases to carry out the search, the analysis of the results
of [5], who provide a list of important databases in the field of Computer Science
and Engineering. Then, to focus the search, this list was narrowed, obtaining the
databases that cover the most important conferences and journals in the field
of technology. We selected five scientific databases for conducting our search:
Springer, ACM Digital Library, Scopus, IEEE Explore, and Direct of Science.
We used a bubble plot to report the frequencies, shown in Fig. 1, in which
you can see the total number of papers categorized by each of the databases.
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Fig. 1. Visualization of the number of papers obtained, by type in databases

3.3 Searching for Relevant Papers

Table 1 summaries the inclusion (I) and exclusion (E) criteria defined to add or
eliminate relevant /irrelevant papers to the analysis

Table 1. Inclusion and exclusion criteria

Inclusion

Exclusion

I1: Papers published in the last five (5)
years (2016—2020)

E1: Technical reports, abstracts, surveys
(gray literature) secondary studies (SMS)

I2: If several papers are related to the same
study, only the most recent one is selected

E2: Papers in languages other than English
or Spanish

I3: If a paper describes more than one
study, each study is evaluated individually

E3: Papers that do not present studies
related to blockchain, elderly or synonyms

I4: If there are short and full versions of the
same study, we select full

E4: Papers type Article (Journal),
Conference Paper and Early Access Article
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3.4 Keywording Using Abstract

With the inclusion and exclusion criteria been defined, the next stage is finding
the relevant papers through abstracts is keywording. For this stage, we used the
process defined by Petersen et al. [16]. The titles and abstracts (and sometimes
the introduction and conclusions), were revised to identify those considered irrel-
evant to the topics studied. After applying these criteria, the final selection of
papers was carefully read, and the data contained therein was extracted, ana-
lyzed and categorized. The final set of papers and data analysis are presented in
the results section.

3.5 Data Extraction

The papers were analyzed and classified according to categories created to
separate the research contributions of each paper (Results section). The data
extracted from the papers were stored and subjected to qualitative and quan-
titative analysis. This analysis aimed to find evidence to answer the research
questions defined in the Conducting the Search section. To organize the find-
ings and document the data extraction process, a spreadsheet was used', which
also allowed other statistical analyzes to be carried out, such as determining the
number of publications per year, by place, and by type, among other analyzes.

4 Results

The aim of this paper is to know about the current uses of blockchain-based tech-
nology in the care of the elderly, describing different initiatives and discussing
their social implications and future perspectives. Figure 3 shows the process indi-
cated in Sect. 3, in the Description of the research protocol. Initially, when
searching the selected databases, 122 papers were obtained. Of these, it was iden-
tified that 12 of them are stored in more than one database, therefore, duplicates
are also eliminated, leaving only one copy of each paper in the records. Thus,
for the next step, 110 papers remained to be analyzed. Next, the inclusion and
exclusion criteria (I1 + E1 + E2) are applied in the 110 papers, including those
published in the last five (5) years and, excluding records that do not corre-
spond to published papers, conference or chapters of book, and those written in
languages other than English or Spanish, leaving 105 articles. We applied the
inclusion and exclusion criteria (I2 + I3 + 14 + E3 4+ E4) to the 105 papers,
reading their title and abstract, identifying 14 relevant works with the topic, the
14 papers that were used as evidence to answer our RQ. The list of these doc-
uments appears in the References section at the end of this document. For the
review and analysis of the complete documents, and to avoid bias on the part
of the researcher, we was supported by an expert external to the research. Next,
we are giving an overview of the classification of the final 14 papers, detailing
some characteristics to expand their description (Fig. 2).

! Supplementary material for data processing: https://bit.ly/31c9ZZA.
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Fig. 2. Article filtering process overview, adopted [18]

Figure 3(a) shows the number of papers by type of publication (Journal Arti-
cle, Conference Paper and Early Access Article) versus the database from which
they were obtained. In this sense, the number of Conference Papers (9 papers)
are the most frequent, followed by Article of journals (3 Articles) and finally,
Early Access Articles (2 papers).

This result highlights the importance of conferences for the dissemination of
research on the topic of blockchain in relation to the care of the elderly.

Early Access
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(a) Type of publication (b) Year of publication

Fig. 3. Number of papers by type and year

Observing the frequency of publications, it was found that 93% of the studies
on the subject were published in the last three years as shown the Fig. 3(b). This
gradually increasing trend indicates the growing importance and potential of the
research topic. As can be seen, the trend is increasing, in addition the revision
was carried out with a few months to finish the year 2020.

To respond to RQ1: in what way is blockchain technology being used
for the care of the elderly solutions?, a classification scheme was carried
out, which was studied by Kotteritzsch and Weyers [12], that groups different
aspects on which it is possible to relate categories and their characteristics that
help to classify the systems, challenges and trends for the future in research with
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older people (Fig.4). These categories were extracted from the content of the
reviewed contributions and incrementally subjoined. The most basic category,
type of contribution, includes systems, services and studies. The application
context covers a range of topics, within this category “intervention” includes
measurements for care, prevention and rehabilitation; “presence” includes virtual
and actual presence. Systems also use different means of adaptation. Finally, the
literature includes systems, studies, and services in certain stages (status). The
results analyzed were classified in the final 14 papers, which illustrate the work
on blockchain technology in the support of the elderly. Taking into account to
Mohtari et al. [14], the role of helpers or volunteers is going to gain greater
importance every day and their services are essential for the elderly, according
to figures from EPTA [6], Mokhtari et al. [14], people with disabilities or who
require the help of a third to have a harmonious life. Taking into account the
Status category of Fig. 4, 9 of the 14 final papers develop prototypes and proofs of
concept, which shows the need to investigate and delve much more into functional
proposals in the field of blockchain.
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Fig. 4. Classification categories and characteristics found in the final papers.

To address the answer to the research question, RQ2: What security solu-
tion does blockchain offer in this type of solutions for the care of the
elderly solutions? the properties offered by blockchain in each of the selected
papers were analyzed, evidencing the way in which it is integrated into solutions
for the elderly. For summary purposes, the 10 most common characteristics are
shown in Fig. 5(a). These characteristics were classified according to ISO 27001,
which is an international information security standard that aims to ensure the
confidentiality, integrity and availability of the information of an organization
and the systems and applications that treat it. Likewise, the above confirms
the great potential that blockchain has in the field of information security. In
Fig.5(a), of bubbles, we can see how many papers (size of the bubble) took into
account a characteristic of computer security, which is intrinsic to blockchain.
One of the most outstanding characteristics of Fig. 5(a) is that blockchain tech-
nology is used in its vast majority in solutions for the assurance and storage of
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personal or sensitive data, in this field, in the analyzed projects blockchain is
used for: management of personal information storage [14,17,20], store data in
various distributed data sources [3,17,19], store events that occurred in the sys-
tem to generate traceability [8,21], store data anonymously [9], store data from
vital signs and ensure data exchange through smart contracts [11], therapeutic
data privacy, ownership, generation, storage, and sharing [10], multi-levels of
privacy and data security [24], blockchain storage to protect patient privacy and
provide access control [27]. One of the strengths of blockchain is to guarantee
traceability, which is a cross-cutting feature of the CIA, which helps to guarantee
data privacy, auditing and monitoring of transactions [19,21,24].
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Fig. 5. Purposes of using blockchain in care of the elderly and Type of blockchain

According to the research question RQ3: What type of blockchain
(private, public, other) do the authors use to support the care of
the elderly solutions? Fig.5(b) shows a summary of the different types of
blockchain used in each of the 14 papers analyzed. There is no bias for using one
type or another, some authors mention that this depends on the situation and
type of solution offered, for example, in some cases where public data is handled,
a blockchain of this type would be the best option, or in the case of projects
that have different types of data protections, you can select between a private,
authorized blockchain, and if several entities are involved in the project, by a
consortium blockchain.

5 Discussion

The vast majority (9 of the 14) of the papers selected were part of academic
events, showing a positive result, since in these events novel and general interest
studies are published. On the other hand, we can see that the final 14 papers
come from institutions represented in 17 countries, with participation from the
5 continents, this indicates that blockchain in relation to the care of the elderly
is being investigated around the world.
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5.1 Elderly Needs

The population over 60 years of age is growing and as predicted by [6], it tends to
triple in the next 30 years. The foregoing raises concern in many areas of interest
for the elderly society. To answer the QR 1. The results show that there are many
characteristics and categories in which blockchain is being taken into account for
the care of the elderly. In Fig.4 you can see 7 categories in which the different
types of solutions aimed at providing services that support the care of the elderly
can be framed, these are: type, context, user, information, technology, adaptation
and status. The papers were analyzed, depending on the contributions in each
category, ranging from the support of physical or cognitive activities [10,14],
help coping with impairments and care support [14,21,22]. Most approaches
focus on accident management by monitoring [20], the healthcare status [17],
or predicting behavior [19]. A high number of monitoring systems leads to an
increased usage of sensors [9], wireless Body Area networks (WBAN) [17], radio
frequency tracking, predict intention and activities [24,27]. Ambient Assisted
Living (AAL) [11], chronic disease monitoring through telemedicine [3]. Another
major theme is digitally supported cognitive or physical therapy [10]. While most
of the contributions present prototypes (6), some products for individual support
were already in the market (1), and some had not yet exceeded a conceptual
phase (3). Others present ongoing or completed studies. All of these contributions
share the goal of supporting older adults in one or more aspects of everyday life
and improve the quality of life.

5.2 Blockchain for the Care Elderly Solutions

As a result of the selection process of the final papers, it can be clearly evidenced
that blockchain related to the care of the elderly is being investigated from mul-
tiple perspectives and offering a number of solutions to improve the quality of life
of the elderly. To respond to RQ2, it is no stranger to the object of study, that
blockchain is analyzed as a technology that provides security and that blockchain
offers many security alternatives oriented to the care of the elderly. The forego-
ing is evidenced in the classification of Fig.5(a), where it shows that blockchain
has many variables immersed that contribute to improving the computer secu-
rity environment that directly impact confidentiality, integrity and availability,
essential at the time of providing a service care and attention to the elderly. Like-
wise, the concern of the authors of the final papers is clear, to offer a security
scheme in each of their results, since all 14 articles related aspects that show the
use of blockchain to contribute to the improvement of a specific service aimed at
caring for the elderly. Taking into account the above, as mentioned in [17,19], it
is feasible to use blockchain for the management (storage, consultation, trans-
fer and audit) of EMR Electronic Medical Records, which are structures used
to transport patient data and achieve interoperability between different Health
Information Systems (HIS) [7], which require a broad security ecosystem, such
as that shown in Fig.5(a), with them, patients will also have control of their
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own health data and can decide how it is used. Data sharing between health-
care stakeholders will be easier, better controlled, transparent and reliable. A
broader vision is the need to generate reference software architectures to achieve
the interoperability of the different types of data storage (databases, flat files
or the cloud) with blockchain, and guarantee the communication of the differ-
ent modules. Regarding QRJ3, in relation to the type of blockchain that the
authors of the final papers stated to take into account for their studies, there
is no inclination for a particular type. Moreover, it is seen in Fig.5(b), that
practically the 4 most common types of blockchain are being used, the authors
conclude the type of blockchain directly depends on the context of use, the level
of privacy and protection of the data required by the proposed solution. Each
of the types of blockchain has its advantages and disadvantages, their main dif-
ference is the scope, access to transactions and the consensus mechanism they
use. In [3,20] lean towards handling ethereum private blockchain, as an open
source platform, compatible with many decentralized application frameworks,
also for your proposed work due to homeowner’s privacy information and the
immutability of data transaction, auditability, integrity and authorization, also,
it provides simplicity and modularity in developing Distributed Applications. In
[19], a combination of a private blockchain is used to store the healthcare data
and a consortium blockchain to store the pointers to that information. Hyper-
ledger Fabric is used, which is an opensource platform that does not present or
encourage mining [17]. In fact, it doesn’t use computationally expensive consen-
sus algorithms like the Proof of Work (PoW) and Proofof Stake (PoS) varieties
at all. Likewise, the public blockchain is used, because the stored data is required
to maintain free accessing [9].

6 Conclusions, Challenges and Future Work

Most of the current research about Blockchain technology for the care of the
elderly focuses on issues such as storage, security and privacy of sensitive data
and health care Fig.5(a). Another important aspect to analyze is the combi-
nation of tools, services, blockchain and elderly, showing that 8 of the 14 final
papers [3,9-11,20,23,24,27] described a solution based on IoT and blockchain,
which aim to allow loved ones and Medical professionals monitor and care for a
patient remotely, providing peace of mind and empowering the patient by allow-
ing them to receive care in the comfort of their own home. We have also found
a lack of any kind of architectural aspects or models for supporting the develop-
ment of support systems for the elderly using blockchain, for instance security
and interoperability.

Blockchain has many security features, including confidentiality, anonymity,
decentralization of information, integrity, availability, non-repudiation and trace-
ability, which make it an ideal technology to support services, systems and prod-
ucts, which in the field of Elderly care is required to provide quality of life to
people. The other characteristics can be seen in Fig. 5(a). There is no common
denominator for the type of blockchain used in the analyzed papers, although
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taking into account the type of data that is handled in the proposed solutions,
most of them preferring private blockchain, in which there is a greater control
over the registration, transmission and consultation of data; in addition, there
are different consensus mechanisms mentioned, which depend on the scope, types
of data that are handled and the permissions granted for such data. On the other
hand, there are solutions that, due to their complexity or design, integrate two
different types of blockchain, taking advantage of the benefits of each of them.

There are many challenges surrounding Blockchain technology, one of them
is the lack of architectures or mature models that allow providing clear elements
for future developments that implement blockchain in support of the elderly. The
use of software engineering practices in blockchain-based systems for improving
sustainability is very slight. However, our mapping study did not find studies
dedicated to software engineering issues, such as development process, require-
ment engineering, and quality assurance, for developing blockchain-based sys-
tems to support the care of the elderly. Also, scalability, performance, and latency
issues must be addressed. Likewise, it is necessary to go deeper into proofs of
concept and generation of practical products that implement blockchain within
their solutions, although several solutions have been presented to the challenges
and limitations, many of them are only brief suggestions of ideas and lack an
evaluation concrete about its effectiveness.
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Abstract. This paper introduces MoRES: a monitoring framework
aimed at helping elderly people to understand and comply with the new
mobility restrictions associated to the COVID-19 pandemic. The MoRES
framework provides elderly people with a mobile app allowing them to
visualise how crowded a particular area is and which are the allowed and
forbidden places, according to the restrictions imposed by the author-
ities at a national, regional and local level. Additional functionalities
supporting politicians, health authorities and public security forces are
also supported by the MoRES framework.

Keywords: Elderly people - Mobility monitoring - COVID-19
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1 Introduction

Since November 2019, all countries around the world are experiencing an excep-
tional situation due to the appearance of the Covid-19 virus. This virus has
spread rapidly across all continents causing a global pandemic with a huge
impact, not only on health and economy, but also on our way of life. Mobility
has been significantly restricted, as has any activity involving social interaction.
Similarly, online activities (tele-work, tele-education, tele-medicine, etc.) have
been favoured over face-to-face ones.

The Covid-19 virus exhibits a high transmission rate and, although its lethal-
ity appears to be lower than that of other corona-type viruses, according to the
World Health Organization (WHO) it has already killed more than 1.5 mil-
lion people worldwide [1]. It is worth noting that the Covid-19 disease is not
affecting all population equally. In fact, according to the Centers for Disease
Control and Prevention (CDC) [2], 80% of Covid-19 deaths in the United States
have occurred among people aged 65 and older. Similar percentages have been
reported for elderly people worldwide.

Depending on the evolution of the virus transmission rate and the availability
of medical facilities (in particular, intensive care units), the authorities of each
© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021
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country/region/town establish more or less strict restrictions to prevent the virus
expansion. These range from limiting the opening hours and the capacity of
certain establishments to closing others, or even the total confinement of (part of)
the population. The measures set by the authorities at different levels are quite
diverse, changing and sometimes even conflicting, which frequently generates
confusion, even more in elderly people.

The use of Information and Communication Technologies (ICT) has demon-
strated to be very useful both for getting data from the elderly [3] and for mak-
ing information more accessible to them [4]. In this vein, this paper introduces
MoRES (Mobility Monitoring and Recommender System): an ICT-based system
aimed at helping to define, understand and comply with COVID-19 restrictions.
This goal can be divided, in turn, into the following sub-goals:

— Provide citizens in general, and the elderly in particular, with an easy-to-use
mobile app allowing them:
e to visualise crowded places in order to avoid them;
e to be informed about the allowed/forbidden places according to current
national, regional and local regulations; and
e to be informed about relevant news about the COVID-19 pandemic;
— Provide politicians and health authorities (at national, regional and local
levels) with a web application allowing them:
e to identify population mobility patterns;
e to establish mobility restrictions in a consistent way; and
— Provide public security forces with a web application providing them with
instant information about mobility in unauthorised places so that they can
take action accordingly.

The rest of the paper is organised as follows. Section 2 outlines the architec-
ture of the MoRES framework and describes the technologies and tools used to
develop each of its components; Sect. 3 describes some of the tests carried out to
validate both the individual components and the framework as a whole; Sect. 4
discusses related works; and, finally, Sect.5 draws some conclusions and future
works.

2 Design and Implementation of the MoRES Framework

As previously stated, the MoRES framework includes three apps aimed at cover-
ing the needs of three different user profiles: a mobile app for the general public,
particularly targeted to elderly people, and two web apps supporting politi-
cians/health authorities and public security forces, respectively. These three
apps provide customised functionalities and views, targeted to each user pro-
file, and share data with each other using a loose-coupling scheme based on
a publish-subscribe middleware. Figure 1 outlines the main components of the
MoRES framework and how they relate to each other. Each of these components
is briefly described next.
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Fig. 1. Architecture of the MoRES framework.

— Real-time processing module: this module is implemented as a server con-
taining a Complex Event Processor (CEP), responsible for real-time process-
ing the contextual information provided (through a publish-subscribe mid-
dleware) by the mobile app installed in the citizens’ mobile devices. When
relevant context patterns are identified (e.g., too crowded locations or several
mobile devices close to a forbidden place), this module publishes the corre-
sponding notifications for the users of the web applications (namely politi-
cians, health authorities and public security forces) to be informed and take
action when needed.
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Information storage module: this module stores all the relevant informa-
tion exchanged by the different components through the middleware, allow-
ing other components, e.g., to query the occupancy of a certain location on a
given date. Components interested in retrieving these data must use the API
provided with this module.

‘Web app: this module is implemented as a web server aimed at providing cus-
tomised information to different user roles. Only conveniently authenticated
users can access the information stored in this module. Each user is assigned
a role (national/regional/local authority or public security force) depending
on which he/she will obtain different information and will be able to perform
different actions. For instance, national authorities can set global restrictions,
e.g., indicating the allowed/forbidden places nation-wide. Then, regional and
local authorities can, in turn, define further restrictions for their area, but
they cannot lift those defined by higher level authorities. This mechanism
enforces restriction consistency. Besides, the web app displays general infor-
mation about people mobility at a national, regional or local level, depending
on the user role. Public security forces cannot define restrictions, but they can
see real-time mobility data in their area, and are punctually notified whenever
a strange mobility pattern occurs that may require their attention. Besides,
they can use the web app to send patrols in response to any of these notifi-
cations. All the web app users can publish COVID-related news that will be
displayed to the mobile app users of their area of influence.

Mobile app: this application is available for the citizens to voluntary install
it in their mobile devices. Once installed, it provides users with information
about how crowded are nearby places (considering a 200-m radius area around
their current position), restrictions applicable in their area (forbidden/allowed
places) or news published by local, regional or national authorities that are
relevant for them according to their current location (see Fig. 2).

Next, the technologies and tools used to implement each of the previous

modules/apps is described.

Databases. The MoRES framework gathers different types of databases.
For instance, the SQLite [5] relational database was selected both for the
mobile and web applications to store user-related information, while the Mon-
goDB [6] non-relational database was selected for the information storage
module.

Middleware. The middleware selected as the central communication ele-
ment among the different framework components was MQTT [7]: a publish-
subscribe middleware considered the de facto standard for IoT messaging.
Programming languages and tools. Many different programming lan-
guages and tools have been used to implement the different components of
the MoRES framework, namely: Java/EsperTech [8] for the real-time pro-
cessing module; Java/Android Studio [9] for the mobile app; Python and
Flask [10] for the web app and Leaflet.js [11] and Jinja [12] for its front-end;
and NodeJS [13] for the APT of the information storage module.
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Fig. 2. Main functionalities of the MoRES mobile app: nearby devices (left); nearby
allowed /forbidden places (center); and (c¢) News (right).

— The RoQME Toolchain. Some of the tools developed as part of the
RoQME Toolchain [14,15], have been used to specify relevant context pat-
terns and, from them, to generate the CEP rules to be fired by the real-time
processing module when such patterns are identified in the data provided by
the mobile app.

3 Tests Performed on the MoRES Framework

In order to check the correctness of both the individual components of the
MoRES framework and the system as a whole, different tests were carried out.

Individual components were tested by feeding them (through the middleware)
with simulated input data and checking, in a supervised way, if they behaved
as expected. Tests on the different middleware subscribers were performed, e.g.,
using changing device locations to check whether the CEP module correctly
identifies relevant situations (context patterns) or not. Similarly, several news
items with different scopes (national, regional, local and urgent) were generated
from the web app to check that only the mobile devices affected by those news
(according to their location) received them.

In order to perform the integration tests, the Android Studio [9] mobile device
simulator was used. Multiple instances of Android Studio were simultaneously
launched to simulate several mobile devices. The location of some of these devices
was modified to pretend that the people who were carrying them was moving
through different areas of a town. Eventually, several of the moving devices where
placed around a forbidden location to check if it was identified as a crowded place
in the mobile app of the other users nearby, and if the corresponding notification
arrived to the public security forces through the web app.
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4 Related Works

Since the WHO declared COVID-19 a pandemic on 11 March 2020, a plethora of
public and private initiatives have been developed to fight it on all fronts: from
researching secure and effective vaccines and new medical treatments, to the
development of new ICT-based solutions aimed at monitoring and preventing
its spread. Among the later, some of the most relevant initiatives conducted
world-wide, in Europe and in Spain are briefly reviewed next.

Firstly, it is worth highlighting the initiative jointly developed by the two
tech giants, Google and Apple, around coronavirus contact tracing [16]. This
initiative advocates for a privacy-sensitive decentralised approach to proximity
tracking that relies on data processed locally on mobile devices, rather than
being continually uploaded and held on a central server. Considering that more
than 97% of current mobile devices use either Android (supported by Google
and OHA) or iOS (supported by Apple), the impact of this initiative world-wide
is huge. In fact, most of the mobile apps related with contact tracing, developed
in different countries in the last few months, build on the Exposure Notification
System jointly developed by Google and Apple.

Secondly, at a European level, it is worth mentioning the Recommendation
adopted by the European Commission on the policy approach for eHealth mobile
applications and how they should deal with data protection. According to this
Recommendation, national contact tracing apps should be strictly voluntary, do
not trace individual movements (location) but rather proximity among mobile
devices (e.g., using Bluetooth), approved by national health authorities, privacy-
preserving (personal data is securely encrypted) and dismantled as soon as no
longer needed. Based on this Recommendation, European Countries have devel-
oped their own COVID-19 tracing apps [17], some of which are interoperable
so that people can use them to be alerted wherever they are in Europe. Radar
COVID [18], the mobile app supported by the Spanish national government,
belongs to this group of Europe-wide interoperable contact tracing systems.

Finally, it is also worth mentioning some more modest initiatives carried out
in Spain at a regional level, such as CoronaMadrid [19] or EPIdig [20], the former
supported by the regional government of Madrid, and the later jointly developed
by Ibermatica and Tecnalia: two tech companies based in the Basque country.

As described in this section, most of the ICT-based initiatives that have
emerged in relation to the COVID-19 pandemic deal with contact tracing. How-
ever, the MoRES framework, presented in this paper, aims to cover two different
issues, namely: (1) monitoring people mobility so that both citizens and author-
ities can identify excessively crowded places; and (2) support the definition of
national/regional/local COVID-related restrictions in a consistent way, making
them more graspable to people, particularly to the elderly. In this sense, MoRES
in no way aspires to become an alternative to any of the previously mentioned
mobile apps, but rather a complementary one.
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5 Conclusions and Future Works

This paper has introduced MoRES: a mobility monitoring and recommender
system aimed at helping citizens in general, and elderly people in particular,
to better understand and comply with the COVID-related restrictions imposed
by the authorities, keeping themselves safe by avoiding too crowded places. The
architecture of the framework and the technologies and tools used to develop
each of its main components have been described, and the links to previous
projects and related works have been outlined.

Among the extensions and enhancements planned to be supported by the
MoRES framework in the future, it is worth highlighting the following ones:
(1) executing the different servers in a distributed way in order to improve both
efficiency and fault tolerance; (2) integrating monitoring information obtained,
e.g., from Smart Watches or other IoT devices, in order to provide end-users with
additional functionalities and help them identify abnormal or harmful routines;
(3) adding some “intelligent” features, e.g., allowing the mobile/web apps to
adapt their behaviour according to the perceived situation, in line with some of
our previous works on model-driven self-adaptive system development [21,22];
and (4) enabling end-users to privately enrich and manage their profile so that
the mobile app could offer them more relevant information according to their
age, health, mood, etc.
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Abstract. One of the problems associated with ageing that most con-
cerns health professionals is low therapeutic adherence. In recent years,
technological developments have appeared that can increase therapeu-
tic adherence. To do so, it is necessary to know their usability and the
possibility of use that they may have. In the framework of the project
“International Institute for Research and Innovation on Ageing” (41E),
we have developed the Assistant on Care and Health Offline (ACHO),
a voice assistant that provides medical appointments and medication
reminders for patients. In this text we present a usability evaluation pro-
tocol for this voice assistant. We will use a multidimensional and multi-
disciplinary analysis in the framework of the Living Lab for the usability
evaluation. Our methodology for measuring results includes three phases
and different quantitative and qualitative research tools. The application
of this methodology will allow us to develop a better prototype, increas-
ing ease of use and improving the user experience.

Keywords: Terapeutic adherence - e-Health - Living lab - Voice
assistant - Anthropology

1 Introduction

Increased life expectancy of a population is associated with better health con-
ditions, but also an increase in age-related diseases [1]. In this sense, elderly
patients are particularly susceptible to the phenomenon of non-adherence to
medication, which can be defined as the degree to which recommendations or
frequency of medication intake are met [2]. Rates of non-adherence to medication
are higher in the elderly than in the rest of the population [3,4].

In recent years there has been an increase in the use of technology applied to
medical health services. Technological development has opened a field of possi-
bilities for better therapeutic adherence in patients. Some studies have appeared
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on electronic reminders using audio [5] or audiovisual devices [6] that, through
reminders, facilitate therapeutic adherence.

A voice assistant is a software agent that interacts through voice activation
using an intelligent speaker device [7]. One of the first studies to investigate these
voice assistants applied to the health of voice assistants responded inconsistently
and incompletely to a variety of questions [8]. Further studies have considered
certain safety risks for patients and consumers [9]. Further work and research is
needed to improve these types of devices in terms of their application to health.

Research points to the importance of adapting technology to the user expe-
rience by involving the end user in the development of the technology itself.
Thus, by making adaptations according to the needs of the elderly target group,
considerable increases in performance and acceptance by older people using a
specific technology can be observed [10]. The “Living Labs” concept dates from
the 1990s, and refers to an approach to innovation which involves a group of
researchers collaborating with target users as co-creators in the development
and validation of new products [11]. In this text we explain the different phases
of the protocol that we followed to carry out a usability evaluation of a voice
assistant for the therapeutic adherence of elderly people.

2 Objectives

This protocol is being developed as part of a larger project, “International Insti-
tute for Research and Innovation on Ageing (4IE)”. The aim of this project is
to develop technologies to improve the quality of life of older people in rural
environments.

In this text we explain the different phases of the protocol that we followed
to carry out a usability evaluation of a voice assistant for the therapeutic adher-
ence of elderly people [12,13]. We propose an exhaustive, cyclical and multidis-
ciplinary evaluation [14], with the following objectives:

1. To validate the correct usability of the designed prototype by observing the
particular characteristics of the elderly and the context in which they live.

2. To identify problems and to develop possible guidelines for improvement.

To analyse the usability.

4. To involve real end-users in the process of validating the usability of the
prototype.

@

3 The Design of Assistant on Care and Health Offline
(ACHO)

The field of e-Healthcare is striving to adapt technological advances to the care
of the elderly. The aim is to promote the autonomy of the elderly and thus
facilitate their independent live at home [15], including personalized assistance
[16]. Within this field we can find technological solutions that range from apps for
mobile devices, to smartbands or clothes or what has been called Smart Home:



Qualitative Research in Evaluation 45

advanced technological systems. e-Healthcare is in full expansion driven by some
programmes such as the European Union’s Active Assisted Living Programme
- Technology designed to improve quality of life for older people (AAL) [17].
These are interdisciplinary networks that have focused on the possibilities offered
by technology and are particularly interested in voice assistants. The device
consists of a home conversation interface that allows users to request and save
information, as well as to perform a series of actions among which those related
to health and care of the elderly are beginning to be explored [18].

The Assistant on Care and Health Offline (ACHO) works along the same
lines as the rest of the e-healthcare projects, providing a new option in the
development of intelligent environments for assisted living among elderly people.
It is part of the Institute for Research and Innovation on Ageing 41E project
[19]. It is an interdisciplinary research focused on the regions of Extremadura
(Spain) and Alentejo (Portugal), which is interested in knowing and describing
the different problems of the elderly men and women in the area. Based on
the knowledge of the reality, the aim is to validate and developed technological
solutions that enable the application of innovations and new forms of care that
take into account the particular characteristics of the elderly and the context in
which they live.

ACHO is a voice assistant based on Snips structure [20]. Is the first voice assis-
tant that does not store information via cloud, but keeps it locally on the device.
The terminal does not need to have an internet connection. Our project, there-
fore, brings together on the one hand the global trend to work in assisted living
environments, while on the other it takes into account the important contextual
fact that access to an internet connection is not always possible depending on
the type of user and the area where he or she lives. This solves two possible
problems that could arise. In rural contexts such as we work in, Internet can
be difficult to access due to the lack of an adequate infrastructure. And, very
important: we work with older people who do not always have Internet services.

The ACHO app for smarthphone will allow the interaction between the health
professional and the device in order to provide the health data that need to be
remembered. The result is the participation of health professionals in a kind of
“new forms of care”. Some of its initial features are as follows:

1. Specification of the patient’s profile. The basic information of the patient
will be specified in the application along with details of the medical prescrip-
tions and appointments always made by the health professional. This data
will be stored in the application’s internal database. The stored information,
such as patient profiles, medical appointments and prescriptions, will only be
accessible by the application.

2. Synchronisation with the voice assistant In this process the application will
generate a temporary file with the information of the prescriptions. This file
will be transmitted via Bluetooth with the voice assistant, which will process
it and set up the corresponding reminders. The synchronisation process has
been designed to avoid any possible loss of information or compromise of data
security.
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4 ACHO Evaluation Protocol

Scientific literature has described a good number of methodologies and tools used
to ensure the quality of usability of a service [21,22]. Evaluating the usability
and user experience of technology stands out as an essential step if it is to
be significantly effective and meet its objectives [23], even more so when talking
about older people due to the special characteristics of this age group. A number
of previous products very similar to ours have not been accepted because they
did not take into account this kind of issuesb4, so it is especially important to
look for empirical evidence on how to improve the usability of different devices55.

Our multi-method approach is following some experiences that have already
proved positive with devices very similar to the one proposed here [24-26]. The
type of study - descriptive observation -, constitutes a usability analysis in sev-
eral phases following the available evidence that advocates cyclical processes of
analysis, prototyping, testing and refinement of the mechanisms of interaction
with the user [23,24]. In this sense, it is important to emphasise that the pas-
sage from one phase to another is totally limiting, being impossible to access the
subsequent phase without having satisfactorily overcome the previous one.

The work in this phase focuses on what is known as Living Lab [27], consist-
ing of the strong involvement of end users in all phases of the development of
prototypes. In our opinion, this method allows a more realistic validation of the
environmental and holistic factors of the user, something for which the involve-
ment of the anthropologists of the research team and their ability to interact
with the users even in their own homes is fundamental. As Bevan et al. point
out, the introduction of user-centred methods ensures that ‘real products can be
used by real people to perform their tasks in the real world’ [28].

4.1 Methodology

Researchers, at the end of the evaluation process, must report the experience
through the completion of different tools in order to assess various aspects of
usability. Three tools have been selected.

Firstly, the System Usability Scale (SUS) [29]. It was chosen because it is in
the public domain and can be freely used [30] and because it has shown great
robustness and solidity in its results [24]. It is an economical tool, very simple
to use and capable of being adapted for use in different situations such as the
evaluation of software interfaces, web pages and applications, mobile phones,
landlines, modems or voice systems (Fig. 1).

In addition to this assessment measure, two other scales recently validated
by members of the Institute of Electronics and Telematics Engineering of Aveiro
(Portugal) will be used to bring more consistency to the process [16]. These are
the ICF-US I Scale and the ICF-US II Subscale [26]. The ICF-US I Scale allows
the identification of general usability problems. The ICF-US II Scale allows the
identification of possible barriers and/or facilitators, as well as identifying more
specifically those elements that may require further work to improve the device.
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Phase I: Self-reporting usability phase by team of
researchers
o 10researchers (various profies)
o 15 days of duration
P h ase | o SUS/EUS scale
e |CF-US Scale | and ICF-US Subscale Il
o Semi-structured interview/focus group

Phase II: Usability phase with the participation of
type A users + Observation Unit

o 10 Type A users (5 men and 5 women)
Ph ase | | 5 days duration

SUS/EUS scale
Observation unit with an interaction per day
Semi-structured interview/focus group

Phase 3: Usability phase with the participation of
P h ase | | | type B users + Observation Unit

10 Type B users (6 men and 5 women)

5 days duration

SUS/EUS scale

Observation unit with an interaction per day
Semi-structured interview/focus group

Fig. 1. Diagram of the research protocol

Previous evidence shows very positive experiences in its use, due to its use inde-
pendently of the specific characteristics of the products being evaluated [24,25].

Similarly, all researchers face a semi-structured individual interview con-
ducted by the team anthropologists. The researchers are asked to write down
their impressions in a notebook. The aspects evaluated in this phase are:

— Positive or negative evaluation of the number of reminders made by the
device.

Evaluation of the way in which it is carried out: voice, tone...

— Evaluation of the name of the drug, which must be individualized.

— Feedback on consumption

— Existence of detected problems: Message saturation, message errors...

— Other subjective elements they may consider important.

4.2 Timing

The phases that we have decided to include in the design of the validation process
are

1. Phase I: Self-reported usability phase by the research team, complemented
by semi-structured interviews and/or Focus Groups.

2. Phase II: Usability phase with the participation of type A users + Obser-
vation Unit regarding “critical incidents” [31,32], complemented with semi-
structured interviews and/or Focus Groups.
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3. Phase III: Usability phase with the participation of type B users 4+ Observa-
tion Unit regarding “critical incidents”, complemented with semi-structured
interviews and/or Focus Groups.

As in the initial stages of the project in which we carried out the ethnog-
raphy, each and every one of the participants in the usability assessment sign
an informed consent form after the actions to be carried out are made explicit.
The data collection is anonymised and the participants receive all the infor-
mation generated in the study. Quantitative data is stored and analysed using
SPSS (Statistical Package for Social Sciences) version 22. Qualitative data is
stored and categorised in the Dedalo Patform Intangible Heritage Management
programme.

Phase I: Self-reported Usability by Research Team + Semi-structured
Interviews. The first phase of the evaluation or analytical phase aims to deter-
mine whether our product is sustainable in terms of interface and functions. To
this end, a total of 10 researchers from various knowledge profiles at the Inter-
national Institute of Ageing - both Spanish and Portuguese - are evaluating the
usability of the device over a period of 15 days. The researchers have been given a
series of tasks through a script that they carry out at least three times a day, thus
simulating the normal pattern of taking breakfast/lunch/dinner medication.
Phase 1 or the analytical phase is only overcome if

— A score on the SUS/EUS Scale above 68 is obtained in the final average of
all users. This is the limit established in the scientific literature to determine
the correct usability of a product [29].

— A score on the ICF-US I Scale higher than 10 is obtained in the final average of
all users. This is the limit established in the scientific literature to determine
the existence of a correct usability of a product [33].

— The results obtained in the ICF-US Scale II are analyzed.

— All the semi-structured interviews are carried out.

— The improvements suggested by the analysis of the instruments used are
incorporated into the device. In this sense, the design changes can reduce
certain errors and facilitate the usability and acceptance of the user [34,35].
A new validation cycle is not ruled out once the necessary improvements have
been incorporated.

Phase II: Usability with the Participation of Type a Users + Obser-
vation Unit. In the second phase of the evaluation, information is collected
on the usability and satisfaction of real users with a physical implementation of
the prototype in real but controlled contexts. It is therefore an empirical model.
The participants in this phase are what we have called TYPE A users: people
over 65 years of age from rural areas without cognitive and/or sensory impair-
ments, selected on a non-random basis after recommendation of suitability by
professionals from the Extremadura Health System in the selected locality. The
selected sample must have the capacity to detect and report possible failures,
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“critical incidents” and/or problems in the interaction with the prototype. At
least 10 people are selected, possibly 5 men and 5 women in different age ranges
from 65 years old.

Users will be trained on the actions to be carried out beforehand, and are
accompanied in at least 1 of the three daily interactions foreseen by what we
have called Observation Units. These are researchers who observe and evaluate
the process of use and interaction in the user’s context, which allows us to
collect significant information to understand what changes need to be made
in the environmental factor so that it can be better adapted to its users and
its functionality can be improved [35]. In addition, the Observation Units are
responsible for recording so-called “critical incidents” [36], that is, all situations
that deviate from normality. Although there is no structure or standardised
procedure for recording “critical incidents”, their use has been described in the
scientific literature as “very appropriate” [25,26].

These same researchers, at the end of the stipulated period of time, conduct
a semi-structured interview in the same sense as indicated in Phase I, while
helping people to report on usability through the SUS Scale - in this case selected
because it is easier to administer. As in the previous phase, the possibility of
holding Focus Groups with various users is not ruled out if the information
collected is not considered sufficient. The estimated time of implementation is
5 days.

Phase 2 is considered to have been passed only if

— A score on the SUS/EUS Scale above 68 is obtained in the final average of
all users. This is the limit established in the scientific literature to determine
the existence of correct usability of a product.

— All semi-structured interviews are conducted.

— The improvements suggested from the analysis of the empirical evidence gen-
erated are incorporated into the device. In this sense, the design changes can
reduce certain errors and facilitate the usability and acceptance of the user.
A new validation cycle is not ruled out once the necessary improvements have
been incorporated.

Phase III:Usability with the Participation of Type B Users + Obser-
vation Unit. Finally, the third phase of the evaluation of the pilot test aims
to assess usability under normal, uncontrolled operating conditions. The so-
called TYPE B users are people over 65 years old from rural areas with the only
inclusion criterion of having non-critical medication according to the recommen-
dations of the professionals of the Extremadura Health System in the selected
locality.

The users, previously trained on the actions to be carried out and the objec-
tives to be pursued, are accompanied in all the daily interactions planned by
Observation Units. These researchers conduct a semi-structured interview in the
same way as in the previous cases and help people to report on usability through
the SUS Scale. As in the previous phases, the possibility of holding focus groups
with various users is not ruled out if the information collected is not considered
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sufficient. The estimated time of implementation is 5 days. Through the analysis
of all the empirical material generated, we intend to measure the usability and
functionality attributes of the prototype.

Phase 3 and therefore the evaluation of the usability of our prototype is
considered to have been overcome only if:

— A score on the SUS/EUS Scale above 68 is obtained in the final average of
all users. This is the limit established in the scientific literature to determine
the existence of correct usability of a product.

— All semi-structured interviews are conducted.

— The improvements suggested from the analysis of the empirical evidence gen-
erated are incorporated into the device. In this sense, the design changes can
reduce certain errors and facilitate the usability and acceptance of the user.
A new validation cycle is not ruled out once the necessary improvements have
been incorporated.

At the end of the validation cycle proposed here, the possibility of incorpo-
rating new functionalities is assessed, in which case the validation process would
be the same as that indicated here. If this is not the case, the next phase would
include an assessment of the safety of the use of the prototype with respect to
the reminder when taking medicines.

5 Conclusions

This evaluation protocol will provide us in the coming months with results that
will give us a reliable evaluation of the Assistant on Care and Heatlh Offline
(ACHO). The evaluation of the usability of health technologies is essential, espe-
cially for those technologies that will be used by older people. To counteract cer-
tain difficulties in evaluation, we want to have technology evaluation tools that
allow us to know the reality of use in their context. In future publications we
will offer the concrete results and the difficulties encountered in the evaluation
of this voice assistant.
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PLUS_4_E) funded by the Interreg V-A Espana-Portugal (POCTEP) 2014-2020 pro-
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Abstract. Global population is facing a widespread ageing. In next
decades, the increasing percentage of people over sixty-five will be signifi-
cant, which will impact society in several ways. The health system will be
one of the sectors specially involved, exploiting the technology as a per-
fect allied. However, a big percentage of adults live in rural areas where
almost 40% of inhabitants are seniors and technological infrastructure
is often insufficient. Thus, factors like isolation, loneliness and lack of
eHealth solutions conform a difficult context for this population sector.
In this paper, a solution to provide isolation monitoring to elders living
alone in places with lack of Internet connectivity is proposed. The pro-
posed architecture allows the detection of emergencies in elderly’s homes
through presence patterns monitoring. Thus, potential home accidents
or health emergencies can be detected. Furthermore, this model has been
validated through simulations with the analysis of the required energy
consumption, delivery probability and latency, obtaining a significant
good performance.

Keywords: Elder healthcare + Opportunistic networks - Rural areas -
Internet of Things - The ONE simulator - Sustainable network

1 Introduction

The global population is experiencing a widespread ageing and European coun-
tries reflect this context. Nowadays, around 30% of population is over 65 years old
while, in next decades, it is estimated that the percentage increases up to 50% [1].
Moreover, this situation affects regions irregularly. This way, rural areas face
intensely the population ageing since almost half of inhabitants are seniors [2].
Rural areas involve a very concrete context for third age people. Elders face fac-
tors like solitude and isolation which affect actively on health and the way the
inhabitants interact with the place. Thus, these aspects become problematic with
a potential impact on health, involving a risk for cares and attention. Therefore,
assistance can become fatal in seniors who live alone, especially when they are
under clinical treatments. Nevertheless, this exposed context brings a suitable
© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021
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scenario for technological solutions, especially those centred on monitoring and
telemedicine.

Many technological projects provide monitoring tools and communication
systems for elder [3], in many cases centered on a concrete illness [4]. Thus,
health emergencies can be detected and response time is potentially decreased.
However, the deployment of these solutions in isolated rural areas become hard
for several reasons, specially the absence of Internet infrastructure in many of
these places [5]. In spite of the communication technologies have experienced an
exponential growth in the last years, there are still regions where the impact of
these progresses is eminently low. Only in Spain, more than 80% of people have
access to high-speed Internet [6]. Nevertheless, these figures mainly congregate
on the principal urban cores like Barcelona, Madrid or Basque Country while
other areas like Extremadura or Galicia represent the lowest values at dissem-
ination of these technologies. Factors like the geographical difficulties and the
lack of interests of network companies due to the low benefits, exacerbate the
situation, becoming a challenge for telemedicine solutions and health monitoring
systems [5]. In addition, the lack of Internet also affects the local business of the
region. These enterprises have to face a significant competitive disadvantage with
regard to the connected businesses, resulting into a big technological gap which
impacts on quality services and performance [7]. As a response to the exposed
context in isolated areas, alternative communication models are required. Thus,
Delay Tolerant Networks (DTN) are a very suitable communication technology,
providing a reliable mechanism to information transmission without Internet.

DTN is a technology based on short-radio communication which allow infor-
mation broadcasting using physical proximity. The functioning rooted in moving
nodes provides an Internet-agnostic operation, making use of low-energy inter-
faces to transmit packets. The possibilities DTN brings to isolated rural areas
are notable. Following the context previously exposed, this communication model
enables the deployment of eHealth solutions, as well as transmission platforms
for local enterprises. This way, DTN provides a solid basis for implementations
and proposals. In this paper, a DTN-based solution is proposed. Taking into
account the limitations of rural scenarios and the relevance of telemedicine and
telecomunications for the population, a platform for health monitoring of elders
and data transmission for enterprises is explained and analyzed. This way, the
proposal consists on a distributed communication system for sending data about
the presence of elders in their homes. Thus, sensors located along the house pro-
vide information of the presence habits of the senior, enabling the detection of
abnormal absences or unusual behaviour. Besides, local livestocks and farms are
provided with sensors to monitor performance exploitation. As a result, these
obtained data are transmitted through the DTN architecture, connecting even-
tually the area with the Internet through the gateway node. In order to perform
this, intermediate nodes are key elements in the model. This way, throwboxes
are devices located at roads which receive, store and forward information with
encounters. Due to its autonomous nature, throwboxes are fed with a solar panel.
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Therefore, energy consumption turns an important issue in the solution, since
the operations of the devices suppose power use.

In this work, the solution is evaluated on a simulation, studying the perfor-
mance of the router algorithm used to broadcast the data and analyzing the
energy consumption model following the work J.Galdn et al. [8]. The paper
is organized as follows. Firstly, Sect.2 consists of a short overview of similar
approaches to communication in isolated villages. Secondly, Sect.3 details the
proposal and the different entities involved in the solution. Then, Sect. 4 analyzes
the obtained results and Sect. 5 draws some conclusions about the work.

2 Related Work

The absence of Internet in isolated areas has motivated the deployment and
research of alternative telecommunication solutions. DTN are one of the most
representative models for information contexts where Internet coverage is absent.
This technology makes use of low-energy wireless interfaces [9] and physical prox-
imity to broadcast messages from a sender entity to a destination. During this
process, it is common the use of intermediate nodes which are in distributing it
along the scenario, following the store-carry-and-forward method. This function-
ing is based on receiving the information, storing it and, when a new contact is
made, broadcasting the data. As a result, information can be transmitted with-
out requiring a constant external connection, basing the working on autonomous
collaborative nodes.

Many projects address the lack of Internet infrastructure with solutions based
on DTN. This communication model finds on hostile-communication contexts
the opportunity of providing a transmission mechanism. Situations like spatial or
maritime communication, natural disasters, isolated regions or battlefield zones
are contexts for this technology [10]. In this case, proposals like [11-14] or [15]
are specially relevant.

The project [11] proposes a solid approach to DTN applied for asynchronous
communications making use of mobile vehicles. This solution tries to provide
Internet connection to remote and isolated areas, offering multiple non-real time
services. In contrast with this proposal, our work is centred on providing an
emergency detection tool for elders, focusing the traffic flow on broadcasting the
presence data of the seniors.

In a more concrete use case, the work [12] proposes the use of DTN to provide
communication for reindeer herders in Swedish Lapland. This work suggest the
transmission of Email, Files and Web Services, highlighting the sustainability of
the architecture. In contrast with the presented paper, the work [12] finds the
solution quite different, not only due to the nomadic nature of the scenario but
also on any practical simulation of the project.

In the case of [13] and [14], the energy consumption also plays a key role
in the project. The first work proposes a wireless coverage in low-income areas
through the deployment of Unmanned Aerial Vehicles (UAVs) fed with batteries
and solar panels. This way, one of the key points of the work is defining the most
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optimal paths for the UAVs. The second project follows the same line, centred
on the optimization of the movement algorithm. This two proposals are quite
relevant for the remote areas without Internet coverage but the deployment of
drones and the geographical peculiarities make difficult relocate the solution in
many places.

On the other hand, the article [15] also makes use of UAVs to provide a
DTN communication network but specially for places where a natural disaster
has happened. As a result, the project provides a mechanism for data delivery
which is evaluated in simulations, obtaining favourable results.

In this work, the use of DTN goes further and provides a reliable mechanism
for the transmission of health-related information from seniors. Moreover, the
architecture is also deployed to provide communication to local exploitations like
livestocks or hives. Thus, using the SACAR OCVN algorithm proposed in [16], a
sustainable architecture is developed to detect possible emergencies at elderly’s
home and broadcast performance data from industries. Taking into account the
objective of the system, the reliability of the system must be absolute. Therefore,
a deep set of simulations are made in The ONE [17] to analyze the impact of the
architecture at telecommunications. Next section describes the complete working
of the proposal.

3 DTN Solution for Isolation Monitoring in Remote
Areas

The proposed solution is a communication architecture based on DTN to provide
reliable connection for eHealth solutions in rural isolated areas. This way, the
system provides the detection of possible emergencies related with seniors. Fur-
thermore, the communication platform provides local business with the trans-
mission of performance data from livestocks or agriculture exploitation. As a
result, the proposed network enables reliable communications in isolated areas.

The communication architecture provides a mechanism to broadcast the
health information from seniors to gateways which transmit the data to the
Internet. The detection of vital sights of seniors who live alone is key for the
emergency prevention. Many seniors who live alone risks of getting ill or hav-
ing a home accident, becoming hard to ask for attention or help. This paper
proposes the installation of presence sensors in the elderly’s home, enabling the
detection of mobility patterns and absences. Thus, it is possible to identify when
the elderly is not detected at home during a long term, breaking his presence
pattern.

The sensors situated at the elderly’s home communicate with a center unit
which process the data and broadcast it following the DTN philosophy and using
the PeaaS mechanisms. Moreover, local exploitations and livestocks are provided
with sensors which monitor the production and performance. For example, in
the case of a hive exploitation, sensors detect the boxes weight, providing reliable
data about the production level. In the same way as the presence data of seniors,
the information is broadcasted through the DTN networtk based on PeeaS.
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DTN eHealth in remote areas

an opportunistic solution for eHealth communication
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Fig. 1. Rural scenario overview.

SACAR is the algorithm used in the paper [16]. This mechanism is the DTN
router in charge of broadcasting the obtained data into the network and gate-
ways. The information is transmitted using PeeaS, guiding the transmissions
into an interest-based system. The implementation of PeeaS provides a virtual
profile for each node. The information kept in the profile defines the role that the
element plays in the scenario. Thus, the Goal attribute declares the interest that
the node have, while the Skill parameter specifies the performable actions. As
a result, the Goal and Skill attributes provide the mechanism to identify which
nodes are able to satisfy the interests. Thus, SACAR decides the intermediate
nodes through the common interests.

The proposal involves three different node types which are in charge of oper-
ating different roles in the scenario, as it can be seen in Fig.1. Firstly, the
sender node are the elderly’s home and the livestocks. These elements gener-
ates the information to be broadcasted into the network. The communication
units installed in the places identify possible intermediate nodes interested on
carrying the data and share it. Secondly, intermediate nodes plays a key role in
the DTN solution. Taking into account the mobility nature of these elements,
intermediate nodes serve as mules for the data, carrying the transmitted mes-
sages from the sender entities to the gateway destinations. Depending on the
interests defined on the virtual profile, the nodes will carry the presence infor-
mation or the performance data. Thus, this kind of nodes fit with devices like
pedestrian’s smartphones, passing cars or throwboxes. These last elements are
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devices installed in roads and meeting points which store and broadcast data.
Following a sustainable solution, throwboxes are fed with solar energy. Finally,
destination nodes are gateways installed in zones with Internet coverage. Thus,
the messages obtained are transmitted into the cloud, providing notifications
for the health data and communication silk for the performance reports. As a
conclusion, the system architecture combines SACAR and eHealth utilities.

This solution is evaluated using The One on a scenario that represents a rural
area in which the population is mainly elderly people living alone. In the next
section we draw the simulation details and survey the obtained results.

4 Experimental Results

This section describes the simulation process followed to obtain the performance
results of the proposal and the set of parameters contempled for the study case.
Thus, two subsections are defined: the simulated scenario and the performance
tests.

4.1 Simulated Scenario

The simulation specified in The ONE represents one of the many villages which
fill the rural areas of Extremadura. The little town counts on several urban and
rural streets which communicate the two main places of the zone, the urban
core and the industries. Thus, the roads link the places, providing throwboxes in
strategic points for messages interchange. Figure 2 shows the graphic simulation
aspect.

LLLLLLLL

ccccccccccc

Fig. 2. Nufiomoral simulated in The ONE.

The simulation process is done in several executions under the same condi-
tions, defining a set of environmental variables which represent an ordinary traffic
flow (see Table 1). Thus, the village is represented in a A = 81000 m? scenario
where multiple nodes are positioned. There are N = 146 nodes in simulation,
where N; = 3 are destinations, Ny, = 80 are senders and N; = 66 are interme-
diate. Inside this last group, three kind of behaviour can be found: Ny, = 34
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nodes interested on carrying health information, NNV;, = 13 nodes interested on
carrying performance reports, N;, = 13 nodes interested in both and N, = 6
nodes without interests. Furthermore, N;; = 3 corresponds to the throwboxes
installed along the roads. These devices count with an additional field where the
solar energy that feed them is specified. This value is obtained from the hourly
dataset from PWatts [18]. All these elements in simulation interact during a
simulated time of T' = 28800s with a message generation interval of w = 3600 s.
The message generation interval is a parameter which specifies the waiting time
before sender nodes generate new content on the network. This way, the message
size is set to My;,. = 300 kB. As a result, the execution under these conditions
provides the performance evaluation of the solution.

4.2 Performance Evaluation

The simulation process is done in several executions under the same conditions.
For the performance evaluation, three main variables have been considered: deliv-
ery probability, latency and energy consumed by the throwboxes. Taking into
account the sustainable nature of the solution, the energy consumption defines
one of the most relevant variables of the execution. Since throwboxes make use
of solar panel to feed the batteries, the message processing and the encounters
become imperative tasks which consume this resource. Thus, a multidimensional
evaluation is made about the system simulation.

Table 1. Environmental variables in the simulated scenario.

Parameter ‘ Value
A 81000 [m?]
N 146
N, 3
N, 34
N; 13
N; 13
Npn 6
N; 66
Nit 3
Ny 80
T 28000 [s]
w {3600} [s]

Msize {300} [kB]

The energy consumed (8 in pwAh) by the throwboxes is calculated every
hour during the simulation. This way, the operations performed by the device
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affect the battery consumption: number of stored messages (Mstored), nUmMber
of sent messages (Msent) and contacts with other mobile nodes (C). When two
nodes encounters, the virtual profiles are shared between them, so this process is
considered as a send/stored operation. Based on the work presented in [19], the
corresponding consumption for each action is assigned, defining the formula 1 to
determine the 8 consumed in a concrete hour. The consumption reference values
correspond to the concrete size of the messages (Mg;.. = 300kB).

— ( as energy consumed when a node contacts with another (¢ = 29.47 pAh)
— § as energy consumed when a message is sent (6 = 22.91 wAh)
— € as energy consumed when a message is stored (¢ = 6.56 LAh)

ﬂt = C X Ct + € X Mgens + 0 X Miored (1)

Taking this into account, the battery of the device in a concrete time (w in
uAh) will be the result of associating the current battery level (weyrrent) With
the energy captured throw the solar panel (weepturea) and the consumed battery
(B¢). Thus, the interactions of the throwboxes with the surrounding nodes will
impact notably on the battery evolution. This way, the value of w follows the
Formula 2.

Wt = (wcurrent + wcaptured) - ﬁt (2)

Through the implementation of a custom report for The ONE, the execu-
tion of the simulation provides the evolution of the energy consumption in each
throwbox. Thus, it is necessary to specify the energy captured by the solar
panel during each hour of the simulation. Using the public dataset of Céceres,
Extremadura from the web PWatts [18], the energy capted in each simulation
hour is specified for throwboxes. Assuming a panel surface of panel of 0.455 m?,
the energy capted depends actively of the geoposition and the hour. Moreover,
the report provides details about the battery evolution which allow the repre-
sentation of three dimensions: i) the impact of storing and sending messages
in battery (Fig.3), ii) the impact of encounters in battery (Fig.4) and iii) the
relation between the energy capted and the battery of the throwboxes (Fig.5).
Throwboxes are represented in figures with format “T” and the corresponding
number, followed by the variable which defines.

Figure 5 reflects the inherent relation between the obtained energy from the
solar panel and the battery level. Therefore, the way the throwboxes are fed
in a sustainable way through solar energy manifests the independence of these
devices to work in an autonomous way.

As can be seen in Fig. 4, the energy consumed in each hour is actively related
with the encounters the throwboxes have experienced. Taking into account
the process of recognition and communication that every node opens when a
encounter is made, the consumption is significant. On the other hand, Fig.5
manifests the relation between the message traffic and the battery. The mes-
sages sent and store imapct on the battery of the throwbox. As a result, the
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throwboxes denote a good and sustainable performance, manifesting the auton-
omy of this devices.

In addition to these results, the simulation is also studied under the consider-
ation of reliability. Moreover, the delivery probability result becomes a key part
of the reports since it reflects the percentage of messages correctly received at
destination. Taking into account the sensible information transmitted through
the network, it is imperative to guarantee the presence information from elderly’s
home and performance reports from industries are correctly broadcasted to the
Internet. This way, the global results of the simulation were favourable, with a

99.69% of delivery probability, a latency average of 2178.44 s and an overhead of

4195.64.
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Fig. 5. Impact of the energy obtained in battery.

The performance evolution of the simulation shows a successful behaviour in
all studied aspects. The energy consumed by the static intermediate nodes shows
the sustainability of the proposal and the autonomous working of the architec-
ture. Therefore, the good performance at connectivity and delivery probability
provides the needed reliability to become useful at DTN eHealth.

5 Conclusion

The global population is facing a widespread ageing. The increasing average
age in Europe elicits mechanisms and politics to deal with this evolution which
implies a big challenge for society. Many sectors of society are specially involved
in this demographic change but health is the one which faces the most relevant
one. The care of third age population implies an important necessity which finds
in technology a perfect allied. Possibilities like digital patient recipies, monitor-
ization or telemedicine reflect some possibilities to improve the day-to-day of
seniors. However, these systems are not applicable in some remote places where
there is not Internet infrastructure. Many rural areas lack infrastructures to con-
nect to the Internet. The geographical situation and the lack of interest from
telecommunication companies disgorge into the absence of mechanism to pro-
vide a reliable connection to the cloud. This context blocks the deployment of
eHealth solutions for these areas where the elder people represent a high per-
centage of the population. Thus, in addition to the deficiencies inherent to the
ageing, the solitude of seniors who live alone in these rural areas induce potential
health risks and emergencies. As a response to this contexts, alternative tech-
nologies like DTN provides mechanisms to transmit messages without requiring
an Internet connection.

The work presented in this paper extends the proposal of [16] and [20].
The first project brought the original implementation of the routing algorithm
SACAR OCVN, evaluating the performance in different scenarios and setting the
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base of the work line. However, the test simulations involved simple scenarios
were energy consumption was not considered. Besides, in the case of the sec-
ond work, even tough a more complex scenario was brought, power consumption
was not studied. Taking this into account, the present article explores deeply the
possibilities of the algorithm while analyzes the consumption patterns of devices.

Taking this into account, this paper applies the original algorithm to simu-
late a communication architecture which provides a presence monitorization to
seniors and a reliable service for industrial performance reports. Thus, the work
enables the prevention and detection of emergencies in elderly’s home through
presence sensors which identify anomalous patterns in user habits. Additionally,
the communication architecture serves as a reliable transmission mechanism to
sensors located on exploitations, livestocks or hives, serving the data to the cloud
processing. Thus, the intermediate elements serve as mule for the information,
providing a link between the sender and the destination node.

The solution has been evaluated on The ONE, defining a representative rural
area and studying variables like the delivery probability, latency and energy con-
sumption. The throwboxes used as static intermediate devices in the communi-
cation architecture are fed with energy provided by solar panels installed in top
of the element. Thus, the energy consumed is analyzed and crossed with the mes-
sage processing done during the simulation. Therefore, the consumption model
of the throwboxes is defined, studying the evolution of the battery during the
simulation and relating the values with the operations performed in the execu-
tion. The obtained results reflect several interesting points regarding the power
management, highlighting the impact of the encounters in battery and how the
obtention of energy from the solar panel is more evident when interactions are
none. As a result, the algorithm provides a reliable mechanism for eHealth moni-
toring and data transmission in regions without Internet infrastructure, requiring
a cheap and sustainable infrastructure which operates autonomously. This way,
emergency detection at elders’ home can be detected while local livestocks are
able to improve the performance, idenpendently of the Internet coverage.
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Abstract. Objective: Identify the rehabilitation nursing interventions that can
contribute to the training of the elderly person with self-care changes and to the
training of their caregiver. Methodology: Systematic Literature Review, for which
research was done at EBSCO selecting the Cinahl and Medline databases. The
PRISMA recommendations were followed, and 11 studies were selected. Results:
Training for self-care is one of the sensible results of Rehabilitation Nursing care,
and in the selected studies the most identified were physical capacity, cognitive
function, patient safety, and health literacy. Interventions for both the person and
the caregiver are mentioned, and teaching is the basis of them. Conclusions: The
training of the person and the caregiver must be objectives of the intervention of the
nurse throughout the rehabilitation process, with a view to the continuity of care
and achieving health gains. Professional practice implications: The caregiver
should be seen not only as a relative of the elderly patient, but also as a target of
care, as he or she also goes through a situation of wear and tear and vulnerability.

Keywords: Rehabilitation nursing - Training - Informal care - Self-care

1 Introduction

According to INE data, in Portugal in the last 40 years the population aged 65 and over
has doubled and could increase from 2.1 to 2.8 million people between 2015 and 2080,
representing about one third of the population. Thus, the aging index will rise from
147 to 317 elderly per 100 young people [1]. This is a situation that cuts across other
developed countries, and Europe is currently the continent with the highest percentage
of people over 60, corresponding to about 25% of its population [2].

The global aging of the population has been reflected in an increase in the number
of elderly people living with chronic health problems, associated with a decline in their
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functionality, greater fragility and dependency [3]. Because chronic diseases can have
consequences on the physical performance and social roles of the elderly person, leading
to a functional decline and a greater risk of institutionalization, hospitalization due to
acute illness and the need for care by others [2].

The person and the caregiver, when going through a situation of illness and/or depen-
dence, and the implications it entails, also go through a process of transition that generates
changes in family dynamics, particularly with regard to changes in social life, dysfunc-
tion of roles, and financial burden [4]. This situation often results in an overload of
the informal caregiver, who from one moment to the next finds him/herself confined to
taking care of his/her dependent family member, without having any training or support
in his/her new function [5].

The Rehabilitation Nurse at the time of his intervention is therefore faced not only
with the needs of the target person of his care, but also with the needs that the care-
giver/family member presents. Thus, the family and other caregivers should also be
included in the rehabilitation nurse’s intervention plan, teaching and advising about
their needs [5]. This is the only way they can be partners in the care of the dependent
family member, guaranteeing the continuity of care and their permanence at home. Hav-
ing this in mind, the need arose to carry out an SLR on the current state of knowledge
regarding rehabilitation nursing interventions that can train not only the elderly person
with changes in self-care, but also the caregiver, thus being possible to develop coping
strategies that are facilitators in the management of their care [6, 7].

The Fonseca Self Care Model [8], which has as essential components the Orem’s
Self-Care Theory; and the continuum of functionality proposed by ICF, and which is
composed of the description of the functional level, through which it is possible to
determine the deficit of self-care, and the need for nursing care, is a model that allows the
systematization of care. Through this, it is possible to develop an intervention plan, based
not only on the needs of self-care, but also on the functional capacities and knowledge of
the patient and, in the conditions and context of the same, including the caregiver. To this
end, in addition to partially and fully compensatory interventions, an educational support
system based on the therapeutic relationship nurse-patient/care may be implemented in
order to obtain results sensitive to rehabilitation nursing care contributing to its quality.

According to Doran & Pringle [9] the sensitive outcomes of nursing care can be
defined as all those that are relevant, based on the domain and nursing intervention, and
for which there is empirical evidence that relates nursing interventions to outcomes.
Thus, the authors identified some of the following sensitive nursing care outcomes:
functional status, self-care, symptom management, patient safety, patient satisfaction,
psychological changes, and health care utilization.

Donabedian [10] in his theory defended that, for the quality of care to be measured,
indicators must be developed that can evaluate it quantitatively. For this, it is necessary
to consider three dimensions: structure, process and results. According to the theory
developed by this author, it is possible to make a systematic evaluation of care through
the use of indicators, which allow the quantitative and qualitative representation of results
and thus evaluate quality. The indicators, besides allowing the evaluation of quality, allow
the evaluation of health gains and the identification of opportunities for improvement
[11].
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Therefore, given the morbidity and mortality and greater dependence on self-care
to which people are subjected due to changes resulting from the aging process, given
the importance that the caregiver may have in continuing to provide care to the person
with changes in self-care, and the need to involve the caregiver in the rehabilitation
process and train him/her to promote their empowerment and continuity of care, it was
determined as an objective for the achievement of this SLR: identify the interventions
of the rehabilitation nurse that can contribute to the training of the person with changes
in self-care and to the training of their caregiver.

2 Materials and Methods

2.1 Materials: Concepts

Due to the aging process and/or acuteness due to chronic illness, the person is often
subject to a loss of autonomy and a greater dependence on self-care, and there is a need
for home care to be provided by family members or other caregivers. Dependency arises
as a condition in which people who, for reasons linked to lack or loss of physical, psychic
or intellectual capacity, during “a more or less prolonged period, need help from another
person or equipment, to perform certain self-care activities,” appear [12].

Self-care is defined as the practice of activities that favor the improvement and
maturation of people, which are initiated and performed within spaces of time, for their
own benefit and with the purpose of preserving life and healthy functioning and to give
continuity to personal development and well-being [13].

In order to promote self-care, it is necessary to develop rehabilitation nursing inter-
ventions that can train not only the dependent elderly person, but also the caregiver.
Capacity building/empowerment is understood as the process of promoting and strength-
ening people’s ability to meet their own needs, solve their problems, and mobilize the
necessary resources in order to feel they control their own lives Gibson [14].

2.2 Methodology

In this study we chose to use as methodology the systematic literature review (SLR),
which according to the Cochrane Handbook ‘“‘attempts to collate all empirical evidence
that fits pre-specified eligibility criteria in order to answer a specific research question. It
uses explicit, systematic methods that are selected with a view to minimizing bias, thus
providing more reliable findings from which conclusions can be drawn and decisions
made” [15]. In order to ensure the consistency, transparency and integrity of this SLR,
PRISMA recommendations were followed (Fig. 1) [16].

After defining the subject to be addressed, the formulation of the problem was con-
structed through a starting point based on the PICO methodology. The FINER criteria
(Feasibility, Interesting, Novel, Ethical, Relevant) were also taken into account in order
to develop a good research question. That is, to be viable, interesting, original, to respect
the ethical principles and be relevant to the nursing practice [17]. Thus, the follow-
ing starting question was raised: “Which Rehabilitation Nursing Interventions (Con-
text) can contribute to the Capacity Building (Outcomes) of the Person with self-care
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Fig. 1. Flow diagram that describes the process followed in the realization of the SLR, according
to PRISMA recommendations [16].

alterations (Population) and to the capacity building (Outcomes) of his/her caregiver
(Population)?”.

For this study, two English language surveys were conducted on the EBSCO plat-
form during September 2019, and the Cinahl Complete and Medline Complete databases
were selected. In the first survey the following descriptors were used: “Nursing”, “Nurs-
ing Care”, “Nursing Intervention”, “Health selfcare”, “Selfcare”, “Patient Education”,
“Rehabilitation”, “Nursing Rehabilitation”, “Blood pressure”, “Stroke”, “Neurology”,
“Cerebrovascular disorders”, and “Cardiovascular diseases”. And, in a second survey,
the descriptor “Caregivers” was added to the previous ones. The Bolean operators
“AND” and “OR” were also used in the combination of the various surveys. And all the
descriptors were extracted from the vocabulary “Medical Subjects Heading” (MeSH)
[18].
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The inclusion criteria were: articles analyzed by experts, with full text and publication
date between January 2014 and September 2019. Duplicate articles were excluded, which
were not in English or Portuguese, which did not answer the starting question, and which
did not contain the identified target population - i.e., studies with nurses, with people
with self-care alterations, and which also included the informal caregiver.

The classification of the levels of evidence of the selected studies was made according
to Melnyk & Fineout-Overholt [19], in order to guarantee their reliability and eligibility,
as well as the quality of the results and conclusions.

3 Results and Discussions and Conclusions

3.1 Discussion of Results

Following the PRISMA flowchart, we were able to select 11 of the 133 studies initially
identified. The following table (Table 1) presents the selected studies.

Table 1. Characterization of studies included in the SLR.

Study description/level of evidence

Objectives

Results

“Caregiver-mediated exercises with
e-health support for early supported
discharge after stroke
(CARE4STROKE): study protocol for
a randomized controlled trial” [20]
Methodology: Study with Control
Group

Level of evidence: IV

Participants: 66 stroke patients

To evaluate the effects and the
cost-benefit ratio, in terms of mobility
and length of stay, of an exercise
program after a stroke, mediated by the
caregiver and together with the health
services

There was an increase in the
functionality of patients and a greater
number of early rises, with a
consequent reduction in costs

“Nursing Interventions to the Patient
with Stroke in Rehabilitation” [6]
Methodology: Integrative Literature
Review

Level of evidence: I

Participants: Not applicable

To present the knowledge produced
about the Nursing interventions
directed to stroke patients in
rehabilitation

A greater number of nursing
interventions targeted to the patient
were identified, namely motor and
functional rehabilitation. The
educational interventions are directed
both to the patient and the caregiver.
And the managerial interventions are
related to the coordination of care

“Nursing roles and functions
addressing relatives during in-hospital
rehabilitation following stroke” [7]
Methodology: Randomized Control
Study

Level of evidence: 11

Participants: 19 Nurses

Describe the role and functions of
nurses for caregivers during
rehabilitation care of stroke patients in
a hospital

The nurses recognized that they direct
the care to both patients and
caregivers, and that they support the
relationship between them. But family
members are affected by the patient’s
situation, presenting needs that take
second place. After structural analysis,
four focuses of intervention emerged:
changes in the life of the caregiver;
shared life after the stroke;
non-cooperative relatives; and lack of
time for relatives

(continued)
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Table 1. (continued)

Study description/level of evidence

Objectives

Results

“An ICF - Based Model for
Implementing and Standardizing
Multidisciplinary Obesity
Rehabilitation Programs within the
Healthcare System” [21]
Methodology: Control Study
Level of evidence: IIT
Participants: 51 patients

Develop an individual rehabilitation
project based on CIF, for obese
patients with comorbidities integrated
in Rehab-CYCLE to standardize
rehabilitation programs

The proposed model offers the
following advantages: (1) Standardizes
rehabilitation procedures; (2)
facilitates communication between
hospital, patient, relatives and
caregivers; (3) addresses
organizational issues; (4) can serve as
a reference for professionals involved
in the rehabilitation of morbidly obese
patients.

“Effects of Mobility-Enhancing
Nursing Intervention in Patients with
MS and Stroke: Randomised
Controlled Trial” [22]

Methodology: Randomized Control
Study

Level of evidence: 1T

Participants: 140 patients with stroke,
multiple sclerosis or brain problems

To investigate the effect of a new
nursing intervention (Mobility
Enhancing Nursing Intervention -
MFP) developed to improve the results
of rehabilitation

There has been an increase in the
functionality of patients and an
improvement in their quality of life,
which indicates that specialist
rehabilitation nursing care should be
part of rehabilitation programs

“Gender Analysis in the Outcomes of a
Lifestyle Intervention Amon Patients
‘Who Had an Open Heart Surgery” [23]
Methodology: Randomized Control
Study

Level of evidence: 1T

Participants: 500 patients undergoing
open heart surgery after discharge
from hospital

To evaluate gender differences in the
results of a lifestyle intervention study
(diet, smoking cessation and exercise)
in patients undergoing open heart
surgery

Nursing intervention in the lifestyle of
patients after heart surgery showed
benefits in men, who stopped smoking
faster, reduced the risk of
cardiovascular events and returned to
work. In women no significant results
were found

“Implementation and Feasibility of the
stroke nursing guideline in the care of
patients with stroke: a mixed methods
study” [24]

Methodology: Retrospective Cohort
Study

Level of evidence: IV

Participants: 78 patients and 33
nurses and nursing auxiliaries

Determine the implementation and
feasibility of the Stroke Nursing
Guideline (SNG) in terms of changes
in the documentation and use of the
guideline in the care of stroke patients
in neurology and rehabilitation wards;
and identify barriers and facilitators,
and how nurses and nursing auxiliaries
view its implementation

The nursing team considered the SNG
viable and its implementation was
successful. The SNG promotes care,
with greater consistency and more
rigor in functional exercises than
before. It also promotes pain control,
patient education, discharge planning
and reduces post-stroke depression
levels

“Strengthening the role and functions
of nursing staff in inpatient stroke
rehabilitation: developing a complex
intervention using the Behaviour
Change Wheel” [25]

Methodology: Cohort Study

Level of evidence: IV

Participants: 12 nurses and 10
patients

Describe the development of a nursing
intervention that aims to optimize the
interaction in the rehabilitation of
patients with stroke, strengthening the
role and functions of the nursing team

A 24/7 educational rehabilitation
intervention was developed.

Following the Medical Research
Council and Behavior Change Wheel’s
models some resources were
consumed, but it was possible to
develop a practical and well-structured
intervention, based on theory and
evidence

(continued)
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Study description/level of evidence

Objectives

Results

“Systematic scoping review of
frameworks used to develop
rehabilitation interventions for older
adults” [26]

Methodology: Systematic Literature
Review

Level of evidence: I

Participants: Not applicable

-Verify if the development structures
are being used in research on elderly in
rehabilitation;

- Document which programs are being
used;

- Explore how these programs are
used, what methods and details

Included 35 studies with participants
with various medical conditions
(dementia, heart, stroke, falls, # femur,
Diabetes Mellitus (DM), Parkinson’s,
Breast Cancer, Depression, Chronic
problems, osteoarthritis, leg ulcer,
cervical pain, and foot problems). The
type interventions that can be
developed are: support, cognitive,
physical activities, nursing, fall
prevention and occupational therapy.
The Medical Research Council
structure is more popular to develop
rehabilitation interventions for the
elderly

“The effects of increased therapy time
on cognition and mood in frail patients
with stroke who rehabilitate on
rehabilitation units of nursing homes
in the Netherlands: a protocol of a
comparative study” [27]
Methodology: Study with Control
Group

Level of evidence: IV

Participants: 138 participants with
stroke

To investigate whether increased
therapy time has a positive effect on
cognition, mood (depression and
anxiety), and life activities of the
stroke patient

The implementation of interventions
according to the Clinical Nursing
Rehabilitation Stroke Guideline has
increased the time spent on therapeutic
activities, without the need for extra
therapies; the role of the nurse can
become more therapeutic; and the
increase in therapy time has had
positive effects on cognition, mood
and life activities

“Ward-based interventions for patients
with hemispatial neglect in stroke
rehabilitation: a systematic literature
review” [28]

Methodology: Systematic Literature
Review

Level of evidence: I

Participants: Not applicable

Identify rehabilitation interventions
that can integrate a nursing program
for patients with hemi-spatial neglect
after strokes in the right hemisphere of
the brain

Among 41 original studies, 11
interventions were identified: vibration
against neck injury; emotional
stimulation; family participation and
training intensity; training for limb
stimulation; mental imaging training;
mirror therapy; music therapy;
alternate ocular occlusion; smooth
movement training with the eyes;
virtual reality and computer-based
training; visual scanning training

Vloothuis et al. [20] developed a study on the CARE4STROKE program in which
patients and caregivers were accompanied by rehabilitation specialists, with the sup-
port of an application with videos. They chose a set of exercises and the caregiver was
instructed and mediated the therapeutic exercises that the patient had to do. After dis-
charge, the objective was that the program would continue at home. At the end of the
program there was a significant improvement in mobility with gains in strength, walking
ability, balance, achievement of ADL’s, gains in the psychosocial field (decreased anxi-
ety and depression, increased self-efficacy, decreased fatigue), and improved quality of

life.

Corroborating the idea that the caregiver should be an integral part of the rehabili-
tation process Cavalcante et al. [6], they point out that the interventions that the nurse
directs to him are mainly educational. In relation to the patient, functional and motor
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rehabilitation stands out, as well as the importance of teaching. And, Booth et al. [26] in
their systematic review of the literature on rehabilitation interventions in elderly adults
also reported: cognitive interventions, physical activities, fall prevention, occupational
therapy, and post stroke care.

Aadal et al. [7] found that although the care is directed both to the patient and the
caregiver and the relationship between them, the caregiver’s needs are still left in the
background. This should not happen, because according to the authors the caregivers are
essential partners in the care and when they face their family member’s illness situation,
they also see their life changed, and often run out of time for themselves and without
the support of other people.

The study by Imhof, Suter-Riederer & Kesselrin [22], conducted in Switzerland,
shows that specialized rehabilitation nursing intervention should be an effective part
of rehabilitation programs. By developing a nursing intervention program for gains
in mobility, to improve patient safety, develop sensory skills, promote mobility and
functionality, and reduce fatigue of caregivers, they have achieved gains in functionality
and quality of life of the patient. It is an intervention based on the assumption that
learning occurs from movement. Thus, tactile and kinesthetic stimulation was used in
the process of mobilization and in the realization of ADL’s, in order to promote brain
reorganization through the perception of the environment. The intervention was done
several times a day and in a perspective to personalize the care to the patient, to negotiate
based on the results and to include the relatives - recognizing once again the importance
of caregivers.

Regarding the guidelines as structural elements of care, Bjartmarz, Jonsdottir & Haf-
stensdottir [24] found that the Stroke Nursing Guideline (SNG) is useful and promotes
the consistency of nursing care. With its contribution the components of rehabilitation
nursing were defined and integrated in the daily routine of care being considered key
elements, besides contributing to the practice based on evidence. SNG includes recom-
mendations on mobility, daily living activities, falls, depression, pain and patient and
family education and discharge planning. Patients also become more active during the
day, occupying a large part of it in activities, and reducing bed time. As for the family,
he was around half of the day with the patients, which proved to be a reason for encour-
agement and support. The teachings about stroke to the patient and caregiver allowed to
increase the knowledge, to increase the patient’s satisfaction and to reduce the levels of
depression.

Reinforcing the importance of guidelines for evidence-based practice, Huijben-
Schoenmakers et al. [27] developed a study in which they proved that rehabilitation
nursing intervention according to the Clinical Nursing Rehabilitation Stroke Guideline
and with the addition of another 50 min of therapeutic activity (exercises) per day had
positive effects on cognition, mood and ADL’s. In order to ascertain the gains, global
cognitive functions, executive functions, speech fluency, verbal and nonverbal memory,
cognitive functions combined with memory, levels of anxiety and depression, mood and
functional independence in ADL’s were evaluated. The type of exercise was adapted to
the objectives for the patient and all had a map with the planning of exercises.

Still regarding the stroke patient, in SLR of Klinke et al. [28] the objective was
to identify rehabilitation interventions that could be part of a nursing care program
for patients with neglect hemisphere after stroke in the right hemisphere. The authors
emphasize the importance of diagnosing neglect, since most cases are not detected. For
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this, it is necessary to make a correct assessment of the patient by the multidisciplinary
team, taking into account: the degree of cognitive impairment, orientation and motor
skills, physical impairment such as paralysis and hemianopsy, and spasticity. Computer
activities such as listening to music, playing, and developing activities that result in
positive reinforcement can be an important stimulus. It is also important that the patient
remains active in ADL’s and is stimulated for them. The authors also reinforce the
importance of the family in caring for and looking after the patient.

Brunani et al. [21] when developing a rehabilitation program according to the ICF
for patients with obesity demonstrated that these for the comorbidities (DM, HTA, Heart
disease, muscle and joint alterations) and limitations they present, need a holistic and
multidisciplinary intervention. Because they have limitations as in body functions (neu-
romuscular, movement function, pain and cardiovascular function), and in activities and
participation (self-care, day-to-day activities, relationships) and report few environmen-
tal facilitators (support). The rehabilitation gains in these patients are the promotion of
self-care and long-term lifestyle changes. This model has allowed the standardization
of rehabilitation procedures from the ICF, facilitates communication between the hos-
pital, the patient, family members and caregivers, and can serve as a reference for other
professionals.

In the study of Kadda et al. [23], 500 patients undergoing open heart surgery received
intervention related to lifestyles (diet, smoking session and exercise). One of the inter-
ventions concerned physical exercise, and it was recommended that the duration be
gradually increased, as well as the frequency and intensity, for a greater adherence and
lower risk, according to the patient’s age and capacity. It was also recommended that
the aerobic activity be in addition to the ADL’s. The results showed that only in men an
intensive intervention on lifestyles can reduce the risk of non-fatal cardiovascular events.
It also helps in smoking cessation and rapid return to work. The fact that no significant
results were found in women may have to do with the higher levels of depression and
anxiety that they present.

Loftetal. [25] developed an intervention based on the model of the Medical Research
Council (MRC), seeking to understand the behavior of the nursing team and its influence
on their roles and functions in rehabilitation. The Behavior Change Wheel’s (BCW) was
also used, and trained and motivated nurses in order to promote their participation in the
rehabilitation process of patients. After analyzing the data collected and conducting a lit-
erature review, it was concluded that nurses can play an important role in the education
and training of patient needs, as well as in exercise training instruction. Their inter-
vention should be based on the following functions: education, persuasion, modeling,
encouragement, training, capacity building, and environment restructuring.

The Rehabilitation Nurse should thus recognize the importance of the caregiver as
a provider of care in the home and the need to involve him/her in the care plan and train
him/her to solve problems related to the family member and learn how to deal with them
in order to reduce complications and better manage care. In addition, empowering the
patient through teaching is also important to promote their autonomy and adaptation to
their limitations by including them in their own care plan.

Thus, seeking to contribute to the improvement and quality of specialized care in
rehabilitation nursing and in order to answer the starting question of this SLR, in the
various studies analyzed it was possible to identify interventions, related to the out-
come variables of the rehabilitation nursing care described by Carretas [29], namely:
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functional status, physical capacity, cognitive function, professional-user relationship,
symptom control, safety/adverse occurrences, training for self-care, user satisfaction,
psychological support, use of health services, human resources, protective factors, health
literacy and therapeutic compliance.

3.2 Implications in Professional Practice

The caregiver, as an essential partner in providing care, should also be the target of the
rehabilitation nurse. For often their needs are forgotten and the caregiver goes through a
process of wear and tear and vulnerability. The non-recognition of signs and symptoms
of depression and anxiety can be a gap in rehabilitation care, preventing its continuation.

Given that we live in an era where technology is of paramount importance, software
development with rehabilitation programs can be an attractive and simple method to
promote continuity of care.

There are still few studies on the interventions of the rehabilitation nurse, so it is
necessary to document the clinical practice and the results obtained in the intervention
directed to the person and caregiver.

3.3 Conclusion

A considerable number of studies demonstrate that the start of the rehabilitation process
must be early and that the intensity and repeatability of the various interventions included
in the care plan is fundamental to achieving positive results in the functionality of the
elderly person, as well as a greater number of early discharges and cost reduction [20,
24, 27].

The involvement of the caregiver in the patient’s rehabilitation process, mentioned in
most of the studies reviewed, reveals its importance not only as a support and encouraging
element, but also as a partner in providing care [6, 7, 20, 22, 24, 28]. The teaching of
the same by the rehabilitation nurse, with a view to his/her empowerment, can be an
important contribution to an early discharge and to promoting the continuity of care at
home [20]. It is necessary to change the paradigm of patient focused care and include
the caregiver in the care plan, providing time for the same [24]. Because of this, their
involvement in the rehabilitation of the patient and the social support offered to them
can be essential for the promotion of the quality of life of both [20, 22].

With regard to rehabilitation care directed at the patient, the importance of making
a correct assessment of the patient’s motor and neurological function was reinforced,
with a view to obtaining a correct diagnosis and developing an individualized care plan
[24]. For this, its involvement is extremely important, promoting care negotiation, and
the determination of achievable goals [22]. Nurses must maximize their contribution to
rehabilitation and reinforce the importance of this area of specialization, by integrating
exercise training into simple daily activities, aiming at increasing mobility and promoting
self-care; and increase the intensity and duration of the rehabilitation process [24, 27].
The training of the person and the caregiver must, therefore, be objectives of the nurse’s
intervention in the entire rehabilitation process, with the objective of ensuring conti-
nuity of care and promoting the person’s functional capacity [20]. The systematization
of interventions by sensitive indicators of rehabilitation nursing care and the guidance
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of care based on the Self-Care Model, when promoting the quality of life of the per-
son/caregiver, can be important actions to obtain health gains. Because evidence-based
clinical practice allows the development of a structural basis for the excellence of care
and for the improvement of the quality of the professional practice of the Rehabilitation
Nurse.
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Abstract. Dementia is a syndrome whose main risk factor is age and it
is characterise by the deterioration of cognitive functions. Hence, tools
to measure and evaluate these functions are vital during the diagnosis
of dementia. Commonly, cognitive functions are evaluated using neu-
ropsychological tests which are manually applied by a neuropsycholo-
gist and the results are scattered in paper-files. This is a error-prone
and time-consuming process. Nowadays, several automatised batteries
and computerised assessment are developed as an alternative to manual
tests. However, most automatised batteries do not fill the requirements of
interoperability among medical centres. Besides, medical centres should
acquire various software tools for coping all needs. In addition, the lack
of resources in health centres may be considered as a reason for not using
computerised assessments. In this paper, we present a web application,
called Psique, which grouped a set of automated neuropsychological tests
based on the frequency of use in Centro Médico Imbanaco and Hospi-
tal Departamental Psiquiatrico Universitario del Valle, located in Cali,
Colombia. Psique was evaluated in terms of usability and functionality
by neuropsychologists with promising results.

Keywords: Neuropsychological tests - Cognitive diseases -
Automatised batteries - Computerised assessment + Computerised
neuropsychological tests

1 Introduction

Dementia is a syndrome that deteriorates the cognitive function of patients, such
as memory, thinking, behaviour and the ability to perform everyday activities.
This syndrome affects mainly elderly, being the 5-8% of the general population
aged over 60 with dementia. Worldwide, around 50 million people have dementia,
and it is projected that this number will grow in the next thirty years [14]. Tools
for testing and identifying deterioration on cognitive functions are crucial for
diagnosing dementia and realise a proper treatment and care to a person with
dementia.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021
J. Garcia-Alonso and C. Fonseca (Eds.): IWoG 2020, LNBE, pp. 81-86, 2021.
https://doi.org/10.1007/978-3-030-72567-9_8


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-72567-9_8&domain=pdf
http://orcid.org/0000-0002-8485-6679
http://orcid.org/0000-0002-2863-0448
http://orcid.org/0000-0002-2568-7094
http://orcid.org/0000-0002-7745-8111
http://orcid.org/0000-0002-0169-1339
https://doi.org/10.1007/978-3-030-72567-9_8

82 D. Diaz et al.

Neuropsychological tests are tools used to measure the performance of a
subject’s cognitive abilities, such as memory, attention and reasoning [6]. Addi-
tionally, they are considered a relevant topic [4] in the field of health due to
applications in neuroscience, such as supporting of differential diagnosis for cog-
nitive impairment diseases and following-up treatments; and, measuring changes
that may occur in a brain during surgical procedures [4].

Usually, neuropsychological tests are manually applied and scored; using
paper-pencil based methods and storing results in paper files. However, this
methodology is inefficient, since the application and scoring of tests are time
consuming and storing results on paper files do not allow to perform an efficient
analysis of results. In addition, test results are susceptible to scoring errors due
to human factors. Furthermore, since neuropsychological tests usually consist of
booklets score sheets that are shown to a patient as a stimuli, applying those
tests in an operating room become difficult.

Several approaches of automatic neuropsychological tests or computerised
assessments are available in the market. Some of them automated and standard-
ised traditional assessments — i.e. face-to-face evaluation with a patient— while
others adapted traditional tests using strategies such as gamification, virtual
reality or online evaluations. In some cases, the presence of neuropsychologists is
reduced during the application or supervision of tests, offering alternatives such
as remote neuropsychological evaluation [9-11]. These approaches offer several
advantages, including the reduction of time during the test application and scor-
ing [3,7,15], the reduction of imprecision in test results [8] by avoiding manual
scoring, the transfer of results into a database for immediate or subsequent
analysis [11]. However, some automated approaches require either a license or
purchasing specific hardware or software developed for application.

In this paper, we present Psique, a web-based application which seeks to auto-
mate the scoring and application of neuropsychological tests. Likewise, Psique
intends to avoid possible human errors that can be derived from manual scoring,
and to create digital records that allow analysing results. Currently, Psique has
six automated neuropsychological tests: the Weschler intelligence scales (WAIS
and WISC), Zung Anxiety Scale, Rey’s Complex Figure, Stroop colour and word
and Wada test. The application was evaluated in terms of usability and func-
tionality by neuropsychologists with promising results.

2 Psique

Psique is conceived as a user-oriented web application that automatise standard-
ised tests, using low hardware requirements. Questionnaires, buttons and key-
board entries are used to collect patient’s responses and a computer screen and
a tablet with internet access to present the test stimuli. Two neuropsychologists
are involved in the development process, for guiding user needs. Agile practices—
such as prioritisation and estimation of user stories, burn down chart, weekly
meetings and project planning—are used for developing the application. Those
practices allow the project to adapt [5] to the feedback continuously received
from the deliveries by the neuropsychologists, which play the role of clients.
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Initially, a meeting was held with the clients, where the problem was identified
and a set of neuropsychological tests to be automated were selected and priori-
tised. The main criterion for prioritising the development of tests is the frequency
of use, in Centro Médico Imbanaco and Hospital Departamental Psiquiatrico
Universitario del Valle, in Cali. Periodic meetings are also performed throughout
the project, mainly before starting the development of a test, when an analysis of
the chosen tests was required and for conducting requirements survey. The anal-
ysis of the chosen tests is performed to identify elements that can be automated
and which elements have to be manually applied. Once the development process
has begun, the meetings serve for reviewing progress and providing feedback,
allowing the generation of ideas to improve or redefine the current requirements.

Currently, the application has implemented six tests: three tests that assess
executive functions and attention—the WISC and the WALIS intelligent scales,
the Stroop test—; the Rey’s complex figure test that assess memory and visu-
ospatial skill; and, two tests that assess language and memory—the Zung depres-
sion scale and the Wada test—. A summary of the tests and the automatised
elements is presented in Table 1. In particular, the front-end or Psiqus’s graph-
ical interface was developed using Reactjs. The main menu gives access to each
neuropsychological test developed as an independent module from the others,
to make the application scalable. The back-end was developed using Nodejs and
Graphql with PostgreSQL to manage the database. Psique’s Back-end and Front-
end were deployed using the free hostings Heroku and Firebase, respectively.
Furthermore, we use Git versioning tools and Travis, a continuous integration
tool, to build and automatically deploy each module in the hosting. The deployed
application is used to evaluate the usability and functionality with end-users.

3 Results and Discussion

Clients evaluated the six developed tests through interviews that assess the user
interface designs and app functionality. An important aspect considered by neu-
ropsychologists during the evaluation was the simplicity of the interface, which
must avoid elements that would distract the patient during the assessment, see
Fig. 1. The presence of this kind of elements may add noise to the results and
cause a misdiagnosis. To identify distract elements, the neuropsychologist exam-
ined the interface components of the automatised test and compared it against
the manual application test. As result, clients expressed their satisfaction with
the design of the Psique’s user interface which elements do not generate distrac-
tions to the patient during the application of tests.

Psique functionality was tested by showing the logic of the application to the
clients. After the evaluation, the clients recommended to include a chronometer
to control the test application time and eliminate the automatic stimuli transi-
tion in the WAIS test. This aspect was addressed in the tests where the results
are time-depending and whose stimuli had to be shown to the patient. A timer
was run in second plane and a message was displayed when the time was over
to avoid split the attention of the patient while the stimuli was shown.
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Table 1. Summary of the automated elements in the neuropsychological tests.

Test Application | Test elements applied | Automatised test

age manually elements

Rey’s figure | 6-89 [1] Figure presented to the | Form to add a grade to

patient the figure. Score
calculation.

Stroop 15-90 [2] The neuropsychologist | Word presentation.

must select the last Store and count
word said correctly by | correctly spelled words.
the patient Score calculation.

Zung 16-89 [16] | None Form to answer each of
the test items. Score
calculation.

WISC-1V, | 6-16 [12], | Stimuli orally or A chronometer starts

WAIS-IV 16-89 [13] | graphically presented | when the subtest

by the specialist. requires it. Forms to

Manual entry of collect patient’s

patient answers answers. Score
calculation.

WADA Selection of sub-test to | Stimuli presentation.

be applied. Indication
if patient’s answer is
right or wrong for each
stimuli

Score calculation.
Audio and video
streaming from patient
to neuropsychologists
device

@ Psiue

Patient video

00:20

Correcto

ncormecto

Fig. 1. User interface of Wada test in both patient (left) and neuropsychologist (right)

devices.
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Based on the evaluation results, we determined that the total automation
of the tests may reduce Psique’s precision, because these technological tools do
not have sufficient precision to score some task correctly. For instance, in the
Stroop test, we initially used a voice recogniser, which added a delay between
collecting the answer and scoring whether the answer was right or wrong. It
is not recommended to use technological tools that may add noise to the test
results that are time dependent as the Stroop test.

In general, Psique is a successful approach for the automation of neuropsy-
chological tests without using licence software or specialised hardware. However,
methods for using the application during Magnetic Resonance Image scans need
to be further investigated, since within the room with a magnetic resonator, any
metal may affect the acquisition.

4 Final Remarks

We propose Psique, a web application, to automate six neuropsychological tests
—Rey’s Complex Figure, Test of colours and words - Stroop, Wada, Zung Anxiety
Scale, WAIS IV and WISC 1V intelligence scales— as a solution for medical centres
with limited hardware and software resources.

The development of an application with neuropsychologists implied to learn
a technical language for communication and spend large sessions understanding
the mechanisms of tests. Moreover, working with end-users allows us to apply a
user-centred methodology which helps us to understand the users’ necessities (i.e.
neuropsychologists and patients) and included these aspects in the application
interface and functionality.

As Psique is currently on development stage changes on interface and
functionality are expected, based on neuropsychologist evaluation allowing to
improve the application to facilitate the usage with patients. In terms of design,
development and testing of the application, user-centred methodologies will be
implemented, not only to understand the users but also to get insights on aspects
of the application that are related to the users. Those aspects can be evaluated
using usability metrics to measure the effectiveness, efficiency and the satisfac-
tion of the users with the application. Besides, a protocol for communication
of data between medical centres and a data mart module will be integrated to
support data analysis and decision making for diagnosis.

As future work, the test catalogue of the application will be increased by
including five additional tests: the Boston test, the Wisconsin Card Sorting test,
Evaluacion Neuropsicoldgica Infantil (ENI), the Token test, and Addenbrooke’s
Cognitive Examination III (ACEIII). Moreover, since results have shown that
fully automated tests might hinder the application of neuropsychological tests
with the tools used, such as the use of voice recogniser in the Stroop tests, we
will evaluated machine learning techniques and image processing methods to
improve the accuracy during the application of the tests.
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Abstract. Chronic Obstructive Pulmonary Disease (COPD) is characterized by
a series of persistent respiratory symptoms that limit airflow, causing morbid-
ity and even mortality. The intervention of the Rehabilitation Nursing Specialist
(RNS) is important to promote actions which ensure functional empowerment
in self-care, preventing complications. Objective: Identify indicators sensitive
to Rehabilitation Nursing (RN) care that promote health gains during interven-
tion at the self-care level within technological respiratory rehabilitation (TRR)
programs. Methodology: A systematic literature review (SLR) was carried out
through research on the EBSCO-HOST scientific platform, the CINAHL Com-
plete and MEDLINE Complete databases, using the Boolean operators “OR” and
“AND” and using the PI[C]O method. Results: The results of RN are sensi-
tive to the application of TRR plans regarding the self-care of the person with
COPD, which demonstrate the importance of intervention and care of Rehabilita-
tion Nursing. Conclusions: The results of RN are sensitive to the application of
TRR plans regarding the self-care of the person with COPD, which demonstrate
the importance of intervention and care of Rehabilitation Nursing.

Keywords: Rehabilitation Nursing - Self-care - Person - Program

1 Introduction

In the decades between 1980 and 1990, the first programs of RR as a non-pharmacological
treatment [ 1] began, becoming an important recommendation for the treatment of COPD
[2] being this a multidisciplinary approach with the aim of optimizing physical func-
tioning, social and autonomy [3]. Currently recommended to all people with COPD
according to the categories defined by GOLD [4], it is seen as a method to recover the
physical, intellectual, emotional, social and professional capacity of the person [5]. This
is a progressive and incurable lung disease [6], characterized by increased shortness of
breath due to airflow obstruction [7], caused mainly by tobacco [8].
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The development of these programs is the responsibility of RNS, through which it
promotes teaching, demonstration and training of techniques, promoting self-care and
continuity of care in different contexts [9], identifying specific needs at the level of
functionality [10] and the factors that facilitate or make it impossible to carry out ADL
independently. Still able to make decisions [11], based on the realization, monitoring
and evaluation of differentiated RN plans, based on the recognition of problems [12].

They address exercise plans aimed at education, psychological support, food counsel-
ing, and evaluation [7], with education being an important component for TRR, focused
on improving knowledge of COPD and teachings related to smoking cessation, exercise,
inhalation therapy techniques, and coping strategies [13], with the objective of empower-
ing, informing, and supporting self-care [14] in the person. This makes the optimization
of emotional capacity possible through the dominion over the disease, with moderately
large and clinically significant improvements [7].

It acts on alveolar ventilation, ventilation-perfusion ratio and diffusion [15], decreas-
ing dyspnea, increasing capacity for physical activity with improvement in quality of
life [16].

The results of the programs also depend on the type, duration and effectiveness [17],
which must be monitored and evaluated [9].

In this sense, it is important to have indicators that demonstrate the effectiveness of
specialized health care with a structure aimed at improving the quality of care provided,
as well as professional exercise [18], It is through care sensitive indicators that RNS
evaluates health gains for training, independence and quality of life [9].

EBS being recognized as the key to improving the quality of care, thus ensuring the
best results [19], which reflect the impact on the change to best practices, enabling the
quality of care and results in the elderly, to whom we provide care [20].

2 Methodology

The RSL is a summary of evidence on a specific topic, which through a rigorous process
identifies, evaluates and analyzes the various studies in order to answer a specific question
[19], proving the need for the study and providing an explanation on issues related to
the starting question [21]. It also consists of the analysis of articles with the purpose of
obtaining information related to the starting question, determining methods, evaluating
relationships between concepts, results and conclusions [22].

We intend to identify indicators sensitive to RN care [23] that promote health gains
[13, 24], during the intervention at the level of self-care, within TRR programs, using
systematic and explicit processes, with the objective of reducing the different types of
bias, providing reliable results that support the conclusions and decisions [20].

After defining the issue to be addressed, the formulation of the problem emerged
through a starting point, based on the PICO structure developed to answer health-related
questions [25]. Based on this concept, the starting question arises “What are the sensitive
indicators in RN obtained through an TRR program, at the level of self-care in people
with respiratory disease (COPD)?”, schematized in Fig. 1.

Following the criteria of FINER (Feasibility, Interesting, Novel, Ethical, Relevant)
[26], which demarcate the quality of the research question as viable, interesting, original,
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fulfilling the ethical principles and relevant to the practice, we conducted a research
through the scientific search platform EBSCOhost, accessing the databases CINAHL
Complete and MEDLINE Complete, carried out in September 2019.

The survey consisted of using the following descriptors according to the start-
ing question: (pulmonary disease) (elderly); (chronic obstructive); (dyspnea); (pul-
monary emphysema); (health self-care); (patient education); (rehabilitation); (rehabili-
tation nursing); (Nursing); (Nursing care) and (Nursing intervention) combined with the
Boolean operators “OR” and “AND”.

[P] In [l [0l
POPULATION INTERVENTION COMPARISSON OUTCOMES
* People with « Respiratory « Level of self- * Rehabilitation
respiratory Functional care Nursing
disease Rehabilitation Sensitive
* (COPD) Program Indicators

Fig. 1. Methodology PICO

The selection of studies was defined according to inclusion and exclusion criteria.
Inclusion criteria include articles with TRR plans and self-care interventions in adult
participants with COPD. The exclusion criteria were full text, publication date (2009—
2019), written in English, and repeated in the databases.

After selecting the studies according to the inclusion/exclusion criteria, 93 articles
were obtained, reading the title, abstract, methodology, results and conclusion, during
the analysis and detailed reading those that did not answer the starting question were
excluded, finding a duplicate. At the end of this selection, we obtained a result of eight
articles for this SLR.

Moving on to the next phase, which consists in the evaluation of the quality of the
studies, which must be adequate to the inclusion criteria [20], taking into account the
rules of authorship, with the due citations and references of the authors, considering the
principles of intellectual honesty as an ethical question [27].

3 Results

The results become more credible when the selected studies pass through inclusion and
quality criteria [19], instituting validity and reliability [20]. In this sense, the classification
of the eight articles in terms of quality and scientific evidence followed the system of
classification of hierarchy of evidence [19], directed to questions about interventions
and treatments. This consists of four levels of evidence: Level I (systematic review
or meta-analysis of all relevant randomized controlled trials); Level II (well-designed
controlled randomized controlled trials); Level V (systematic reviews of descriptive and
qualitative studies); Level VI (single descriptive or qualitative studies) [19] in order to
ensure eligibility, quality of results and conclusions, producing current knowledge for
the subject under study (see Table 1).
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Table 1. Characteristics and overview of selected articles.

Article | Metadata Objectives Results/Conclusions
1 Title: “Effects of modified | To evaluate the — The experimental group (n =
pulmonary rehabilitation on | effects of an 63) showed significant

patients with moderate to adapted RR improvement, after a 6-min

severe chronic obstructive intervention plan walk test, the control group (n

pulmonary disease: A on people with = 62) showed no improvement;

randomized controlled trail” | moderate to severe | — Pulmonary function without

Authors: Xu et al. COPD (n = 125) significant changes in both

Year: 2017 for 12 weeks groups;

Methodology: Randomized Intervention plan, decreased

Controlled Study dyspnea symptoms, increased

Participants: People with exercise capacity and improved

COPD quality of life

Level of evidence: II

2 Title: “The effect of To investigate the | Intervention group with high
home-based pulmonary effect of RR on performance in self-efficacy
rehabilitation on self - the self-efficacy of | relative to the control group (n =

efficacy in chronic people with mild | 32);

obstructive pulmonary to moderate — Improved self-efficacy in the

disease patients” COPD (n = 66), intervention group;

Authors: Khoshkesht et al. | through weekly — Demonstrated the importance

Year: 2015 visits and of self-efficacy in intervention

Methodology: Randomized | telephone planning, with a view to

Controlled Study monitoring improving self-care;

Participants: People with Effective program in improving

COPD self-efficacy;

Level of evidence: IT Nurses play an important role
in education, implementation,
encouragement and follow-up

3 Title: “Pulmonary Compare the RR promotes relief of dyspnea

rehabilitation for chronic
obstructive pulmonar disease
(Review)”

Authors: McCarthy et al.
Year: 2015

Methodology: Systematic
review and meta-analysis of
randomized clinical trials
Participants: People with
COPD

Level of evidence: I

effects of RR
versus general
care on quality of
life, health,
functionality and
exercise capacity

and fatigue;

Improvement of the emotional
function and feeling of control
over the disease;

Improvement in the results of
the 6-min walk test with great
clinical significance in view of
the effects of the program;
Improvement of quality of life,
functional capacity and exercise

(continued)
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Table 1. (continued)
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Article

Metadata

Objectives

Results/Conclusions

4

Title: “Home or
community-based
pulmonary rehabilitation for
individuals with chronic
obstructive pulmonary
disease: a systematic review

Investigate the
effects of RR in
the home or in the
community in
comparison with
outpatient regime.

— Improvement of funci-onal
capacity and quality of life;

— Decrease of the sensation of
dyspnea;

— High potential in community
programs with the use of fewer

and meta-analysis” (intervention devices and resources with
Authors: Neves et al. defined over a similar gains in functional
Year: 2016 period of 4 weeks) | ~ capacity compared to other
Methodology: Systematic programs;
review and meta-analysis of — Improvement of physical
randomized clinical trials capacity
Participants: People with
COPD from the GOLD
2 stage onwards
Level of evidence: I

5 Title: “Meta-analysis of the | Analyze effect of |— Significant improvement in

Effect of a Pulmonary
Rehabilitation Program on
Respiratory Muscle Strength
in Patients with Chronic
Obstructive Pulmonary
Disease”

Authors: Lee and Kim
Year: 2019

Methodology: Systematic
review and meta-analysis of
randomized clinical trials
Participants: People with
COPD

Level of evidence: I

RR programs on
respiratory muscle
strength

inspiratory performance and
expiratory muscle strength,
without significant
improvement in pulmonary
function;

— Increase in maximum
expiratory pressure;

— Strengthening of expiratory and
inspiratory muscles with equal
effectiveness through
respiratory muscle training for
symptom relief;

— Increased inspiratory muscle
strength associated with
improved exercise capacity,
dyspnea and quality of life;

— Need to adapt the program
individually, easily accessible
to be performed by people
autonomously

(continued)
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Table 1. (continued)

Article | Metadata Objectives Results/Conclusions

6 Title: “Clinical-effectiveness | Analyze the — Focus education on improving
of self-management clinical knowledge about the disease,
interventions in chronic effectiveness of directed at smoking cessation,
obstructive pulmonary interventions in exercise, inhalation techniques
disease: An overview of COPD and “co-ping” strategies;
reviews” self-management, |— Education decreases
Authors: Murphy et al. capacity building internal-mentals and gives
Year: 2017 for disease control significant gains to health;
Methodology: Systematic and symptoms — Effectiveness of RR programs
review (studies with in quality of life and health
Participants: People with | education with improvement in exercise
COPD interventions, capacity;
Level of evidence: V goals with targets, | — Telephone "Follow up" of the

decision making) decrease in demand for health
services
7 Title: “Effectiveness of a Compare efficacy |— Interventions: smoking

perioperative pulmonary
rehabilitation program
following coronary artery
bypass graft surgery in
patients with and without
COPD”

Authors: Chen et al.
Year: 2018

Methodology: Qualitative
Study (retrospective)
Participants: Carriers and
non-carriers of COPD after
coronary artery bypass
grafting

Level of evidence: VI

of RR in people
undergoing
coronary artery
bypass grafting (n
=78), with (n =
40) and without (n
= 38) COPD
pathology

cessation; breathing exercises
(3 times a day); muscle
exercises (30 min a day);
incentive spirometry (3 times a
day); accessory maneuvers and
postural drainage (1 week in the
preoperative period and

2 weeks in the post-operative
period);

— Improvement of maximum
inspiratory and expiratory
pressures, and respiratory rate
found in both groups;

— Improvement of respiratory
function between the 1st and
14th postoperative days in both
groups;

— Improvement of pulmonary and
muscular function in both
groups;

— RR program reduces
pulmonary complications and
mortality in people with COPD

(continued)
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Table 1. (continued)

Article | Metadata Objectives Results/Conclusions

8 Title: “Facilitating education | — Adapting the — Self-management program with
in pulmonary rehabilitation self- good acceptance by people
using the Living Well with management (62.3% participated in the
COPD programme for program, sessions) and professionals,
pulmonary rehabilitation: a (Living Well demonstrating effectiveness in
process evaluation” with COPD) in the RR plan, both in hospital
Authors: Cosgrove et al. rehabilitation and community settings;
Year: 2013 care — Acquisition of knowledge and
Methodology: Qualitative — Effectively improvement in the perception

study

Participants: People with
primary diagnosis of COPD
(n = 57) and professionals (n
=25)

Level of evidence: VI

evaluate the
process of an
adapted
program
RFR intervention
lasting 15 months
in 11 hospitals,
consisting of
6 weekly sessions
of 30 to 45 min

of the disease;

— Sessions classified as good or
excellent by people and health
professionals;

— This type of program can be
used in educational sessions
with quality, consistent,
equitable in RR both in the
hospital and in the community

4 Discussion

Obtaining and monitoring health gains, and producing sensitive indicators, are priorities
for continuous quality improvement in health [12]. To obtain results that integrate the
indicators, it is important to adapt the intervention plans to the individual, allowing their
capacity building for self-care [28], these being described in Table 2.

Table 2. Rehabilitation nursing care sensitive indicators identified.

Indicators of results

Sensitive Indicators

Functional state -

Increase in exercise tolerance and capacity [7, 8, 13, 16,

17];

Improvement of functional capacity [8];
Improvement of physical fitness [8]

Respiratory indicators -

Improvement of the inspiratory capacity [17];
Increase in expiratory muscle capacity [1, 17];
Improvement of maximum expiratory pressure [1-17];
Improvement of inspiratory muscle strength through
physical exercise [1, 17];

— Decrease of pulmonary hyperinflation [17];
— Improvement of respiratory rate [1];
— Improvement of pulmonary function [1, 29]

(continued)
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Table 2. (continued)

Indicators of results Sensitive Indicators

Training for self-care — Improvement in self-efficacy through RR programs [28];
— Training for self-care [28];

— Improvement in autonomy [17];

— Improved access to programs [17];

— Better perception of people in relation to autonomy [29]

Professional/personal relationship | — Improvement in implementation, incentive and
follow-up [28];
— Improvement in meeting needs [17]

Symptom control — Relief from dyspnea [7, 8, 16, 17];

— Decrease of tiredness [7];

— Improvement of people’s perception of the disease [7];

— Increase in respiratory function programs with
effectiveness [17]

Person’s satisfaction — Improvement of emotional balance [7];

— Confers gains in health [13];

— Decrease of pulmonary complications [1];

— High satisfaction of people regarding the program [29];
— High participation in the programs [29]

Use of health services — Decreased need to use Non Invasive Ventilation [NIV]
and OLD [8];

— Improvement of health status [13];

— Decrease in the need to use health services [13];

— Increased efficiency of RR plans [29]

Training for knowledge — Improving health education [13, 28];
— Improvement of knowledge about the disease [13, 29];
— Additional educational sessions [29]

Therapeutic adherence — Increase in smoking cessation [13];

— Improvement of inhalation techniques [13];

— Increase in coping strategies [13];

— Improvement of knowledge about therapy [29];

— Implementation of strategies in the transition between
education and exercise sessions [29]

Training for quality of life — Improvement of quality of life [7, 8, 13, 16, 17]

Mortality — Reduction of mortality [1]

Table 2 shows that the improvement in functional capacity [8] resulting from TRR
intervention plans is corroborated by several authors, verified through the increase in
capacity for the exercise [7, 16, 17].

In the study [17], aerobic exercise is identified as an important component for
RFR intervention plans, due to the strengthening of expiratory and inspiratory muscles,
promoting significant improvement in inspiratory performance and expiratory muscle
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strength, reflecting in the increase of maximum expiratory pressure and reducing pul-
monary hyperinflation. Also another study analyzed, proves improvements in maximum
inspiratory and expiratory pressure and respiratory rate, reflected in a general way, in
the increase of respiratory muscle strength with improvement of pulmonary function,
documented in the 2 groups of the study [1].

Regarding the functional evaluation, in which the measuring instrument was used, a
6-min gait test, significant improvement was observed in the experimental group [16],
in another study with the same instrument a result of 43.93 m of walking tolerance [7]
was demonstrated. It is also noted significant improvement of dyspnea [17] through the
Borg Scale and mMRC questionnaire, at the end of 12 weeks of intervention [16], people
have exercise tolerance.

Dyspnea is one of the symptoms of COPD that can be controlled through respiratory
muscle training and physical exercise [30] and can be equally effective in relieving these
symptoms [17], incorporated in an TRR intervention plan. The decrease of dyspnea as a
relief condition [7, 8, 16, 17], as well as of fatigue, promotes a feeling of control in the
person over the disease [7]. A study reveals that a program for the management of the
disease has good acceptance by the participants, revealing a participation of 62.3% in the
sessions, which were classified from good to excellent, demonstrating the self-efficacy
of the program [29].

The effectiveness of the RFR, depends on the intervention program, which should
be selected according to the needs of the person [17], aiming at its functionality and
autonomy. Its implementation also includes encouragement and monitoring [28], based
on a relationship of trust [31]. One of the studies concluded that an RFR program is
effective in improving autonomy [28], and self-care, promoting the accessibility of the
program to people to be carried out autonomously [17].

It also benefits the functional aspects of physical capacity [8], causing a reduction in
pulmonary complications [1], and consequently reducing hospitalizations [13]. These
aspects have influence on the improvement of the emotional function capacity [7], to
meet the satisfaction of the person, because the anxiety associated with COPD [30],
causes social isolation, motivated by disabilities caused by the disease itself.

The TRR Plan is efficient in both hospital and community settings [29], but com-
munity programs have high potential because they use fewer devices and resources [8],
conferring significant health gains [13].

Telephone follow up is one of the strategies that gives results, reducing the need to
resort to health services and home visits [13].

Education is considered an important component [13] in the intervention, in which
RNS has an effective role in teaching [28]. However, education should be focused on
improving the perception of the disease [13], to acquire knowledge [29] that alters
life habits, effective administration of inhalation therapy and to train people for ADL.
Therefore, educational sessions with quality, consistent and equitable, are important both
in hospital and community settings [29].

Thus, by improving a person’s perception of the aspects of the disease [29], it is
possible to encourage therapeutic adherence, smoking cessation, improved exercise and
coping strategies [13], and the quality of life improves significantly after completing
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the program [8], an aspect confirmed through several studies [7, 8, 16, 17], leading to
decreased mortality [1].

5 Conclusion

Nursing is a science that covers a universe of knowledge, rehabilitation is a branch of
its specialty that incorporates an identity organized in methodologies, aiming at training
the person for autonomy [17, 29]. For RNS to develop its competencies and increase
its knowledge, it needs to develop projects in the practice of its care, based on scientific
evidence to obtain results sensitive to nursing care [9, 13, 28, 29] in elderly people.

The results found in this study allow us to verify sensitive indicators of RN [23]
for the application of TRR plans, referring to the self-care of the person with COPD
[17, 28, 29] which demonstrate the importance of RN intervention and care. This study
reinforces the importance of developing adapted programs, these with good acceptance
[29], noting the improvement in functionality [7, 8, 13, 16, 17] in terms of physical
exercise and mobility [8] and respiratory capacityl [17], as well as in the control of
symptoms aimed at empowerment of autonomy and self-care [17, 28].

Another aspect, important to emphasize in the results of the analysis of this SLR
is the improvement of people’s quality of life [7, 8, 13, 16, 17] in which it shows that
although the disease presents itself in acute or chronic form it is possible to maintain
stability and relief of symptoms, countering complications [7, 8, 16, 17].

Thus, it is possible to design and implement ER intervention programs, based on
these sensitive indicators, suggesting, however, the continuity of scientific studies in this
area with a view to the continuous improvement of nursing care.
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Abstract. Ageing in Western societies results in various related prob-
lems. One of the most important is loneliness of the elderly. The research
that has addressed loneliness has mostly been carried out from biomedi-
cal approaches, which have given priority to quantitative methodologies.
We propose the research protocol for a study of ethnographic nature
that is supported by technology to produce new empirical materials
in loneliness research. The study will be carried out in two villages of
Extremadura (Spain) with high ageing rates. We will be used traditional
research tools from anthropological fieldwork, such as participant obser-
vation or interviews. For data collection through technological devices,
we will be used Smart band, voice assistant and an app for location
through bluetooth. These technological data will offer new insights into
loneliness research and also new ways of representing it.

Keywords: Aging - Loneliness - Anthropology + Technology -
Qualitative research

1 Introduction

Loneliness has emerged in recent years as one of the most pressing problems.
Medias even published, before COVID19, that we are experiencing a “pandemic”
or “epidemic” of loneliness [1,2]. Particularly worrying is loneliness among older
people. The life experience of older people is framed by family and social rela-
tionships that, over time, may be limited or disappear[3,4]. A 2017 study in
Madrid city shows that 6.8% of the city population had feelings of loneliness,
rising to 14.2% of the population over 65 years old [5].

Western countries have the highest rates of ageing. For example Spain, where
the Ageing Index has risen from 37.35 to 120.46 in the last 30 years (1978-
2018), with a percentage of people over 65 of 19.43% [6]. This phenomenon is
known as “second demographic transition” [7]. The implications of loneliness an
ageing lead to it being considered as one of the great challenges of the present
and future [8]. Variables such as poverty or rurality can increase loneliness very
© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021
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significantly among older people. Extremadura, the region where we will carry
out this research, has an ageing index of 144.3%.

[6] We do not have official data on loneliness, but following the National
Institute of Statistics, we know that a total of 112,400 people lived alone in
Extremadura in 2018, 1.2% more than the previous year, of which 42.8% were
people over 65.

Loneliness has been described from different approaches. Many academic
disciplines have launched in recent years to scrutinise its meanings and conse-
quences [9]. The biomedical approaches, from health sciences or psychology and
psychiatry, have placed themselves in a hegemonic position, extending to other
disciplines their ways of measuring, observing and evaluating. A very impor-
tant part of the loneliness research has been aimed at “diagnosing” rather than
explaining [10]. The different scales developed to measure loneliness, such as
the UCLA Loneliness Scale [11], the De Jong Gierveld Loneliness Scale [12], the
Social and Emotional Loneliness Scale for Adults (SELSA) [13] or the Emotional
Social Loneliness Scale (ESLI) [14], are examples of this hegemony of quantita-
tive approaches. All these scales consist of a series of multiple choice questions,
with fixed answers that are related to a numerical value. The sum of all these
answers results in a number to establish more or less high levels of loneliness or
social isolation.

This hegemonic methodological approach to measuring loneliness can cer-
tainly be reductionist [15]. In this way, the contributions that social sciences
can make are left aside [16]. We defend the need for approaches that open the
concept of loneliness and enrich the debate on causes, consequences and possible
solutions. To this aim, we propose this protocol where, from the classic assump-
tions of ethnographic field work and with the help of technological devices, we
aim to show other ways of measuring loneliness.

2 Objectives

This protocol will be part of the research developed by the “International Insti-
tute for Research and Innovation on Ageing” (4IE). The aim of this project is to
understand the different health-related problems suffered by the elderly and to
propose technological solutions that can improve their quality of life and avoid
their institutionalisation [17]. The project gather a multidisciplinary team of
computer engineers, nurses, anthropologists and sociologists. The fieldwork of
anthropologists consists of analysing the situation and the different health prob-
lems of the elderly at different levels. The engineers, with these analyses and
together with the anthropologists, propose technological solutions.

The aim of this paper is to propose the design of a protocol to measure loneli-
ness among older people in rural contexts through different technological devices,
such as smart bands or voice assistants. These devices can extend the data col-
lection and complement the data obtained through the tools of ethnography.
With all these materials we will create “maps of loneliness”, offering definitions
and experiences of loneliness of the older people participating in the study.
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3 Protocol for Ethnographic Research on Loneliness with
Technology

Ethnography is a methodology for social research that uses various qualitative
techniques within a particular context and social group [18]. These techniques are
used to collect empirical materials, which, after analysis and interpretation by the
researcher, will provide information on social practices, rules or guidelines [19].
The fieldwork constitutes the primordial phase of ethnographic methodology. In
the social sciences, it is understood as the period and mode of research used to
collect data [20]. Since the first studies that started the discipline, anthropology
has had fieldwork as the fundamental research technique for data collection.

For the fieldwork, anthropologists use various tools to collect information.
There are techniques, such as informal interviews or participant observation,
where data is usually not collected at the exact time, but later in a notebook
or at the end of the day in the field diary [21,22]. Other techniques, such as in-
depth interviews or focus groups, do allow for instantaneous collection through
voice recording [23].

In recent years, with the emergence of Internet and the introduction of the use
of smartphones, the anthropologists are turning to technology to facilitate data
collection in their research work. Anthropologist and engineers at 4IE developed
an app, Feedelio, which served to collect different data with audiovisual resources
of smartphones [24]. We want to go further with this research protocol, and
answer this question: “What can technological devices such as smart bands or
voice assistants measure in relation to loneliness?

[ Protocol for Loneliness rural aging research ]

Ethnographic approach Ethnographic approach
Technological data collection

Participant observation Participant observation .
Research relationships Research relationships Technology data collection
Observation units: Observation units:
- Informal conversations - Informal conversations v Smart band
«  Houses «  Houses , .
- In-depth interviews - In-depth interviews Voice assistant (ACHO)
©  Health centres ©  Health centres .
- Focus groups - Focus groups Bluetooth post
o Shops o Shops
« Bars « Bars
e Hairdressers ©  Hairdressers
o Churches o Churches

Fig. 1. Diagram of the research protocol

3.1 Research Techniques and Empirical Materials

The qualitative research presented is based on the traditional tools and assump-
tions of ethnographic fieldwork. In addition, we want to use technological devices
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to expand the empirical materials collected. Table 1 presents an explanatory sum-
mary of the empirical materials that we hope to obtain.

Qualitative instruments such as participant observation, informal conversa-
tions or in-depth interviews will provide us with empirical materials related to
the experiences, perceptions and definitions of the loneliness of the study par-
ticipants. We will prepare an observation guide for the field work, in which we
will collect data obtained from the analysis of the different observation units
(homes, shops, bars, hairdressers). We will also collect notes in a field diary.
In-depth interviews will follow a guide developed on the basis of key categories
collected in informal conversations at field.

Technological tools will provide us with information related to the presence
of people in space: the way people move, where they are during the day, how
many people they meet and how much time they spend with other people.

We will use different technologies to do this. The smart bands will be able
to offer us a guide to the different movements and encounters that people have
throughout the day. These intelligent bands will be connected to an app devel-
oped following the architecture of the COVID Radar app in Spain [25]. The aim
is to find out when people are close to each other.

A voice assistant will be used based on the prototype already developed in
the work of 4IE, the Assistant on Care and Health Offline (ACHO) [26,27]. This
prototype will be placed in participants’ homes. The aim is to talk with people
when they enter home and maintain interactions, with a qualitative approach,
with questions such as “How are you?” or "How was your day?. The answers
to these questions will be recorded and transcribed for analysis and relationship
with rest of data. The aim is to “measure” how these social relationships are
influenced.

For interactions in public spaces we will use a technology that has yet to be
defined. This technology would have to be something like a permanent “blue-
tooth post”. Through pairing with smart bands, this “post” could be connected
when the participants in the study pass by, and thus be able to give us “maps”
of people’s different movements and know when they are in those public places
and with whom they coincide. These devices will be placed in spaces such as
squares, bars, shops, hairdressers or health centres.

This “automatic” and massive data collection will serve to complement the
meaning analyses of the empirical materials collected through the qualitative
methodology.

3.2 Sample

We will choose two towns in the region of Extremadura that respond to specific
socio-demographic data. The profile of the population will be chosen with the
idea that it responds to the typical characteristics of the rural context and the
phenomenon to be studied. These socio-demographic characteristics will be: a
population of no more than 100 inhabitants, with an ageing index of more than
30%, more than 35 km away from a population of more than 10,000 inhabitants
and without a residential centre for the elderly.
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Table 1. Research techniques and empirical materials.

Research techniques Empirical materials

Participant observation | Registration of the spaces of greatest interaction,
practices on the process of interaction, how many
people are in the spaces alone. Description of the
processes of social interaction at public spaces

Informal conversations | Informal conversations, not recorded, to improve the
guide of the in-depth interviews and provide other
empirical materials

In-depth interviews Narratives with answers from interviews according to
the model of semi-structured interview worked.
EMIC Opinions, beliefs, perceptions, descriptions
and attitudes about loneliness and social isolation

Focus groups Discussion of opinions, beliefs and perceptions about
loneliness obtained from the interviews. Proposals for
new categories of analysis

Smart band Public presence. Participants’ movements and
meetings with other people in the village

Voice assistant Private presence. How the person is, how much time
they spend at home and if they are accompanied

Bluetooth post Public presence. Maps of loneliness

We will compare the results obtained in each of the villages. In village A,
we will only use ethnographic research methods: field work with observation
in the different units proposed, interviews and focus groups. In village B, to
the qualitative method we will add the collection of data through the different
technological devices. The proportion of men and women will be dictated by
the characteristics of the local population. There will be no limitations in rela-
tion to the health status of the participants, as we are also interested in how
certain health processes (such as mobility problems) can act as variables that
significantly influence loneliness.

3.3 Ethical Considerations

All participants will sign a consent form informing them of the purpose of their
participation in the study and the objectives of the research. They will also be
informed that they may discontinue their participation at any time without con-
sequences. The confidentiality of participants’ personal data will be guaranteed
throughout the research process. All data obtained through the smart band and
voice assistants will be anonymous and only the interaction with ACHO will be
recorded. The study will be conducted in accordance with the ethical principles
outlined in the Declaration of Helsinki and the Belmont Report. This protocol
will be submitted to the Bioethics Committee of the University of Extremadura
for approval.
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3.4 Timing

The study will be carried out for twelve months. This timing includes in addition
to the fieldwork the literature review of scientific literature and the analysis of
empirical data obtained. Table 2 shows the research protocol schedule.

Data collection with technological devices will be carried out during three
weeks, in different times of the year, to avoid that there are elements that
influence the distortion of the obtained data. For example, during the summer
months, in most towns in Extremadura many people who have migrated to the
cities and live and work abroad, return to spend their holidays. This leads to
greater social activity.

Table 2. Timing of protocol research

Activity 1/2/3/4/5/6 |7 (8|9 |10/11|12
Literature review XXX X X XX

Ethical considerations X X

Informal interviews XX

Participant observation X X XXX X

In-depth interviews XXX

Focus groups X X X

Technology data collection X X X

Data analysis X XXX X XXX
Publication of results X X[ XX X X

3.5 Data Analysis

All interviews will be audio recorded. The interviews will be conducted by
a team of three researchers with extensive experience in qualitative research
and in-depth interviews. The audio recordings will be transcribed. The tran-
scribed interviews will be analysed using the qualitative data analysis software
ATLAS.ti. The smart band movement maps and the interactions collected by
the voice assistants will also be anonymous.

The empirical material collected by the qualitative tools will be analysed
using the method of constant comparison, inductive analysis and triangulation.
The empirical material collected through the technological devices will also be
used for this analysis. In addition, it will serve to generate “maps of loneliness”
where it is graphically represented which are the spaces where loneliness is most
present and how it influences on the basis of different categories, such as health
or gender.
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4 Conclusions

This protocol for ethnographic research on loneliness aims to complete the empir-
ical materials collected with traditional qualitative techniques with data obtained
through technological devices such as smartband or voice assistants. The data
collected with these devices can offer us new ways of “measuring” loneliness, but
also other views on definitions, experiences and meanings within a rural con-
text such as the one in which we carry out our work. Variables such as gender,
observed with the possibilities offered by technology, can offer us results that
complete our analyses. Furthermore, we believe that these “maps of loneliness”
will offer us new ways not only to interpret but also to publish our results.
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Abstract. Nowadays, the number of devices connected to the Internet
is growing at an unstoppable rate. This, added to the amount of infor-
mation these devices produce, makes new techniques necessary to take
advantage of their potential. New devices are continually being intro-
duced in the daily life of people, and they are already producing an
unprecedented amount of data related to people’s well-being. However,
taking advantage of such information to create innovative solutions heav-
ily relies on manually gathering the needed information from several
sources. In this paper, we present a Human Data Model to combine
personal data, perform related computations, and proactively schedule
computer-human interactions. The model’s main aim is to improve the
development of IoT applications by means of reusing the interactions
detected in order to meet the sensation or abstractions inferred from the
stored information.

Keywords: Internet of Things - IoT - Human Data Model - People -
Well-being

1 Introduction and Motivations

Today, an increasing number of interoperating systems produces a flood of sen-
sitive and intimate data. In the cyber world, human data is generated by our
actions in social media and various types of cloud services. In the physical world,
the data is now generated by the ever-growing amount of data pumps (wearables,
sensors, mobile devices, etc.) next to us, on the network edges, where we and
our devices are located.

To facilitate the daily life of elderly smart devices are developed. However,
these devices also have some limitations and are not always useful if they are
not combined with services that include the exchange and processing of the data
they generate [1]. Also, the elderly may require frequent and immediate med-
ical intervention, so it is necessary to know information about their routines
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and preferences [2]. This leads to remote health monitoring on an intelligent
home platform allowing people to remain in their comfortable home environ-
ment rather than expensive and limited nursing homes or hospitals, ensuring
maximum independence of the occupants [3,4]. This highlights the importance
of smart devices and the information they produce in the elderly lives and how
by processing their information, their day-to day life can be simplify and quality
of life can be improved.

People use smart devices that continuously capture information. In this sense,
the data provided by people posses plenty of potential for both new types of soft-
ware applications as well as for improving conventional applications. Particularly
important, said data is considered as data collectively gathered from our sur-
roundings being directly related to our well-being from a smart healthcare per-
spective [5,6]. Nonetheless, by making use of this data with current approaches
can be a complicated task. The access to this data and the usage requires that
an IoT device sends the data to a smartphone, central devices, or a backend
service. This setting has serious inconveniences, such as the Internet companies
swamp personal data gathered from their customers is a privacy nightmare, and
transferring the data to and from the cloud is intolerable for latency-sensitive
systems [7]. It can only be fixed by reconsidering the way the data is utilized,
calling for coordination between the Edge, the Fog, and the Cloud [8].

In this paper, we propose applying a new model based on people’s data and
wearable devices, Human Data Model (HDM) [9], in the context of the elderly.
In addition, this model is complemented with an API that allows developers for
accessing and interacting with it. The main objective of this model is to collect
data concerning elderly lives and then processing the data into an actionable
form. With this proposal it is also possible to build applications that proactively
schedule computer-human interactions to allow the computing infrastructure to
take the initiative to serve the users better.

The rest of the document is structured as follows. Section 2 shows the back-
ground of this work and some related work. Next, Sect. 3 details a use-case based
on a elderly people to show the detected problem. In Sect. 4 we show our proposal
HDM. Finally, in Sect.5 the discussion and conclusions are detailed.

2 Background and Related Work

The rise of mobile and web apps have lead the way for digitization and define
how people embrace technology [10]. While there are established approaches
for mobile and web app development, there currently is no such approaches for
developing solutions based on wearable devices.

Using Healthcare APIs, developers can integrate their healthcare applica-
tions with complex ecosystems that capture, store, and process data about peo-
ple’s health, e.g., Apple’s HealthKit! with ResearchKit and CareKit provide an
excellent opportunity to conduct studies and to build apps that leverage health

! https://developer.apple.com /health-fitness.


https://developer.apple.com/health-fitness

Human Data Model: An Approach for IoT Applications Development 113

and wellness data. However, this approach still allows room for technological
improvements. First, data processing and capture are separated, so data has to
be sent from one device to another. Second, the approach does not offer solutions
for connecting and leveraging different services for data processing. Finally, it is
limited to Apple-compatible devices, but it also offers advantages, as the devices
are homogenized and it is easier to exchange information among them.

The most direct alternative to Apple’s HealthKit is Google Fit?. Google Fit
allows people to discover different types of sensors and devices from connected
applications through the sensor APIs. This makes it easy to create an ecosys-
tem where different devices or sensors can be used by users. These devices can
collect data about people’s activities, which is really useful to know their needs,
preferences or interactions with other people. In addition, this data also serves
to create a history of routines or activities of people so that they can know their
progression. Google Fit allows developers to work with different types of manu-
facturers such as Adidas, Nike or Asus, among others, creating a relatively large
ecosystem. As with Apple’s HealthKit, Google Fit is subject to those manufac-
turers that support its integration. In terms of security, Google Fit cannot be
used by a service that is certified as a medical device. This is because Google
Fit should not be considered a medical service and therefore does not require
security measures to protect user information.

The integration of these APIs can also be done with intelligent devices, that
allow a versatile placement and provide flexibility and comfort to monitor elderly
health status. Many of these devices can be worn or placed on clothing, or
under the skin, and on almost any part of the body. These devices can detect
a plethora of different variables, the number of steps, activity performed, etc.
There are works devoted entirely to the analysis of these types of sensors for
monitoring human activity such as [11], where many of the most relevant works
on wearables for healthcare domain are analyzed. The authors reaffirm challenges
yet in current solutions to be addressed such as energy consumption, privacy
and security of information or standardization of protocols. Also, most of the
systems analyzed require validation by healthcare personnel to certify that the
devices effectively fulfill their function. Our proposal addresses many of these
aspects, such as supporting a wide variety of devices regardless of communication
protocols, that the devices are mainly low consumption, that users are the ones
who have their data and are not in external sources and that the model is easy
to use, both for developers and for users themselves. Also, Kim et al. provide
in [12] an interesting review on the advances in wearable sensors where they
also discuss their potential, alternatives or how invasive they are for people.
This study result quite useful to highlight the potential that wearables have in
the daily life of people and the limitations they have. The work [13] studies
different types of sensors that can be used for monitoring health status from
the biomedical-technological perspective. Here, the authors analyze wearable
devices, sensors, wireless technology, and real-time tracking devices in the home
and their application to physicians. Besides, they point out that these devices are

2 https://developers.google.com /fit.
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generally underused and should be further exploited through different systems
that are capable of both managing them and relating them to each other.

The following section presents a use case detailing an ecosystem of different
wearable devices, and how HDM can be used to improve the health care of an
elderly person.

3 Use-Case: New Healthcare and Well-Being Services
for Elderly People

Today, great efforts are being made to bring technology closer to older peo-
ple. This is why older people are becoming increasingly familiar with intelligent
devices, which enhance their quality of life and help them in their daily lives.
The following use case shows the importance of this:

Helen is a 74-year-old woman. Recently, she incorporated smart devices that
facilitate her daily life and monitor her activity. These devices are a bracelet that
monitors her heart rate, slippers that track the number of steps taken during
the day or the type of physical activity performed, and even pyjamas that allow
her to detect movements while she is sleeping. The advantage of these devices is
that they are perfectly integrated into Helen’s clothing, so there is no disruption
to her daily life nor usage barriers.

In addition, Helen takes part in physical sports activities in the company of
other people, which are organised by an association in her neighbourhood. This
helps her to stay active and meet new people. Also, the association is responsi-
ble for adapting people’s exercises and activities, based on information collected
from the different participants. This is why the information captured by the dif-
ferent sensors that Helen carries are useful, not only for monitoring her daily life,
but also to find out more about her hobbies, interests and sensations. These sen-
sations are stored locally on Helen’s devices and are continuously synchronised
with each other on her wearable cloud. In addition, some data may be acces-
sible to third parties when connected to the Internet. Sensations can therefore
be shared and synchronised with family, friends or health care experts, so that,
Helen can be proactively advised to improve her quality of life.

In addition, introducing new smart health monitoring devices into Helen’s
environment is a simple process, since Helen’s existing devices automatically
detect when a new data source is available and, then, Helen simply grants access
to that information. In addition, an application can be download onto her smart
phone to access the data provided by the new source device or service. In terms
of data privacy, Helen can decide what information is shared and with whom.
Also, this information is processed and stored on her devices locally, so it does
not travel to external servers.

This use case shows how one person, Helen, can improve her lifestyle by using
wearables that allow her to interact with other people. However, the most impor-
tant aspect is the processing of the information that these devices generate about
Helen’s routines. For this reason, the following section presents the HDM, a data
model for the intelligent processing of information captured through wearables
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that allows information to be easily exchanged with other devices and encourages
developers to develop applications easily.

4 Human Data Model for Elderly and Wearable
Technologies

The above scenario where elderly people, devices and services work as seamlessly
as described above requires solutions that go beyond the current state of the art
development approaches.

In this paper, we introduce HDM and its architecture. The motivation for
HDM is to allow applications running on the devices around the elder’s environ-
ment to anticipate the relevant sensations, and then to adapt the device behavior
so that the environment can serve the elder in a more personalized way. In this
sense, the HDM design follows some of the main principles of the User-Centred
Design methodology as it is based on an explicit understanding of the users,
environment conditions are driven and refined by a user-centred assessment and
it addresses the entire user experience [14]. The Fig.1 shows globally the con-
cept of HDM and how, through data captured using different types of devices,
applications or services can be used that take advantage of this data to obtain
information from people’s routines. By combining external services, intelligent
devices, specific IoT devices or information from social networks, a data model
of a person can be created. In order to enrich the model, contextual information
such as location, date and time, climate or identify other people nearby through
sensors located in the environment can be included. This model is then used by
developers to create new IoT applications that are easy for people to use.
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In addition, Fig. 2 describes the HDM architecture and its different compo-
nents. HDM collects the data related to our digital and physical elderly lives,
and then refines this data into more abstract sensations. In addition, it offers
an API for accessing and interacting with the now more meaningful data, but
the abstractions can also be used for proactively scheduling computer-human
interactions. The HDM is composed of three main layers: Unified Communi-
cation Layer, Human Data Model Instance Manager and Human Data
Model Programming Interface. Each layer feeds on the sensations generated
in the previous layer to perform its functions. The following paragraphs explain
the HDM architecture (Fig.2), from the Unified Communication Layer that is
in charge of connecting with different types of devices; to the Instance Manager
whose job is to ensure that each device can get its seed that allows it to be iden-
tified with its owner and related to other devices; and, finally, the Programming
Interface that allows developers to create applications easily.

Human Data Model Programming Interface
Raw data Input Sensation
input handlers | | generator

Human Data Model Instance Manager

Seed file and a Sensation
Identity Manager Syncronization ﬁ

Hub
O Input a Component Connectivity
Manager Managerﬁ Manager ﬁ.

Unified Communication Layer

Fig. 2. Human Data Model architecture.
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Regarding the first layer, the use of elements from both physical and cyber
worlds such as smart devices, social networks, or any application that makes
use of people’s information, generates a large amount of raw data that allow
to detect perceptions and sensations about people to generate a data model. In
HDM this perception is enabled by collecting raw data from the physical and
cyber worlds (Unified Communication Layer).

Once the perception are enabled, they are used as a feed to define people’s
data model in the second layer. As social relationships are also fundamental in
how entities interact, we have defined how the relationships from the so-called
“social world” can be reflected in the sensations. In the presented scenario, HDM
allowed us to detect the sensations that took place in Helen’s daily life, e.g., to
help anticipating possible health problems and to help discovering routines that
lead to healthier and better life quality. An example sensation in the above
scenario could be describing that Helen’s heart rate was a bit high in contrast
to her typical heart rate after a heavy lunch while she was making some activity
with her friends in the association. Such a sensation is intuitive and helps Helen
to understand better her health condition and what kind of habits and choices
may affect her health in a concrete way.

Different people have different needs that are in constantly changing and must
be satisfied to facilitate their daily life [15]. Additionally, people use different
devices. However, not all of their devices can process all types of data. For
instance, the most common wearable devices at the moment can be difficult to
program. One of the critical challenges with wearable technology seems to be
usability and user experience. So, this can be difficult for elderly who may lack
technical knowledge or not be familiar with this type of devices. Imagine how
hard it could be for an elderly person to start interacting with a smartwatch, for
this reason, one essential quality of HDM is that it can improve the interaction
with types of devices, like on a mobile phone, cloud service, or even on a web
page and provide access to the up-to-date data for easy-to-use applications. For
example, imagine when Helen goes to the association. She could log in to a
single application, and this would create a new HDM instance (HDM Instance
Manager) where all Helen’s preferences data would start synchronizing. Helen
would then grant the system access to the data she feels comfortable sharing.
This would allow to perform the data, the HDM instance would die, and all
Helen’s data would vanish from that system and services it is using.

Finally, the third layer is able to elaborate new sensations from the data
provided for the previous layer. In this sense, our aim with HDM is that it
can run on different Edge devices. Not all Edge devices are able to percept or
process all types of data [16]. Hence, HDM is also allows modifying an instance
dynamically and flexibly with processing capabilities while it is running. As
depicted in Fig. 2, developers are expected to define new types of sensations with
Sensation generators continuously — methods that analyze and combine data
from various sources and existing sensations (HDM Programming Interface). In
addition, developers define how the data is used by the model instance when
it receives the data as well as how the data should be preprocessed or refined



118 N. Makitalo et al.

before relaying it further by implementing new input handler methods. Finally,
developers can implement Dispatchers — a specific type of apps or processes —
that can access data sources that have not been previously supported.

In the real world, the entities around elderly people may continually change,
and the need to interact can be over shortly. To protect the developers from
implementing poorly working interactions and false scheduling, we designed
HDM to have a quality of ephemeral sensations, which means that the sen-
sation generated and stored by the model become invalid within a relatively
short period — time that can be defined by the developer. Next, the sensations
are also being removed from the instances to protect the user privacy. In the
scenario above, if Helen takes off her smart pyjama or any other wearable, HDM
removes sensations that are based on the data provided by that device in order
to prevent relaying false or outdated information to the apps.

5 Discussion and Conclusions

The development of applications based on wearable technologies requires certain
features such as data collection, synchronization, combining it with data from
other sources, and carrying out the necessary processing to make the most out
of it. It has been demonstrated that the data provided by intelligent devices
on elder’s routines and lives are particularly useful for achieving ecosystems
that make their daily lives easier. This ranges from automating simple tasks
such as adding reminders to take medication, to sharing information with other
devices to promote group activities. All the data processing can be done locally
on wearable devices, taking advantage of the great computing capacity they
may have. One more advantage is that the Internet connection does not have
to be permanent. As a trade-off, edge devices’ computing capacity cannot be
compared to the Cloud servers’, so processing takes longer. Also, adaptability is
one of the advantages of the proposed model, since new devices can be added to
the ecosystem, and data can be easily obtained and associated with discovering
new sensations to improve the behavior of wearable technologies applications for
elderly people in smart environments.

In addition to this, wearable devices are becoming fundamental elements in
people’s daily lives, whether it’s to perform activities, communicate with others,
report data, improve quality of life, or aid in health care. Due to that, new
tools are required to simplify the gathering, relating, and processing of this
information to perceive the peoples’ environment and act to anticipate possible
problems, moods, or needs accordingly. Also, it was mentioned that data privacy
is an important aspect to take into account and that only the user should have
his/her data and decide with whom (s)he shares it. HDM contemplates this
aspect and therefore it must be integrated with security protocols. As future
work, we are working to define a security mechanism that guarantees the privacy
and security of data in HDM to be evaluated.

In this work, a novel model has been presented allowing one to capture the
personal information related coming from heterogeneous sources for its later pro-
cessing and promoting proactive interactions among smart devices and people.
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So, we think that such facilities are essential for the wearable devices technolo-
gies as well as other related approaches where data related to individuals is
processed.

The HDM implementation can be checked at: https://humandatamodel.
github.io/.
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Abstract. Enhanced Living Environments (ELE) are a kind of paradigm for life,
well-being and social inclusion. Improving an environment implies the devel-
opment of processes that, based on people needs and conditions, make pertinent
adjustments, so that, the feeling of comfort and security arises when the interaction
takes place. The connotation of enhanced environment entails criteria of Ambient
Intelligent (AmlI) based on new Information and Communication Technologies
(ICTs), Internet of Things (IoT) and the security and privacy that ubiquitous sys-
tems can give by means of harmonious integration, from their conceptual base to
the systems interoperability. ELE paradigm is proposed as an effective resource
for the formulation of smart spaces systems, those are the bases of smart cities
where attention is centered on the user, citizen or patient in medical cases. There-
fore, a review of the main concepts that justifies the use and implementation of
ELE in health context is carried out, where the personalization of systems and
services to the patients are according with the primary objective of improving
living conditions from social integration, autonomy and independence of people
limited in their daily functions due to a disability or being in the condition of an
elderly person. Finally, the viability for integrating Industry 4.0 and Society 5.0
paradigms has been determined in this research proposal; that allows to make an
ELE ecosystem centered on patients and elderly people in extrahospitalary envi-
ronments, it means, it will promote technological increase actions in favor of the
adaptation of individual life conditions.

Keywords: Ambient Assisted Living - Ambient Intelligence - Enhanced Living
Environments - Industry 4.0 - Society 5.0

1 Introduction

Among the most outstanding characteristics of technological developments are their
potential to generate new solutions to problems in the real world, which are described
based on the needs that both, human being and society itself, that show to be inherent
in the execution of daily activities in any context. If we have to talk about contexts,
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people are dependent on them from the perspective in which all contexts define the
modus operandi of society based on the personal adaptation to a social niche, however,
the modern human being objects to be an entity that adapts to the environment, this
means that the society transforms the environment, so that it adapts to its needs, thus,
improvement and evolution are achieved [1, 2]. Now, the environments are modified in
order to improve the spaces in which daily activities are carried out, seeking wellbeing,
enhancing the quality of life (QoL) and comfort, which allow the following tasks to be
carried out optimally; this aspect defines the perspective of actions centered on the person
where physical and mental health are a priority [3]; so, it can be possible, the human
beings must be constructors of their environment based on their experience, cognitive
and transformative abilities [4].

There are different scenarios that can be had in the development of daily activities,
various strategies are proposed that allow making pertinent adaptations of the environ-
ments from the cultural, psychological, economic, political, educational and technolog-
ical visions [5, 6]. Among considerations for the treatment of environments, the concept
of Ambient Intelligence (Aml) arises as one of these strategies; Aml is defined as an
emerging paradigm that focuses on people, who apply smart tools through the integra-
tion of various elements or objects in context-awareness with the environment where
they interact, through their adaptation, availability and transparency that are used to
the service of people [7]; this perspective creates an interactive functional environment
mediated by physical elements and software that allow improving the experience of the
different actors in a framework defined as an intelligent environment [8]. Therefore, the
primary goal of Aml is to provide systems and services that are tailored to collective
and individual needs by improving lifestyles [9].

Aml is present in different contexts, including Ambient Assisted Living (AAL) and
Enhanced Living Environments (ELE); in the first case, AAL is a way for applying AmlI
in people with several health problems, essentially in elder people, where strategies and
methods are sought to correct these problems, increasing the well-being, independence
and autonomy of the patient through multidisciplinary interaction of innovative tech-
nologies, systems, products and services [10]. Figure 1 shows that ELE paradigm is
reaffirmed as the integrating element of the AmI and AAL concepts with the new tech-
nologies based on processing and communication architectures, hardware, software and
middleware dedicated to the security and services of assisted people [11].

By the other hand, ELE can be implemented for other people in any condition, since
its objective is improving the QoL from the adaptation of intelligent environments.
However, its application to AAL implies a redefinition in the concept of life assistance,
extending beyond the elderly to people with disabilities, where medical problems impede
their normal performance in different aspects such as family and social relationships;
ELE represents a step forward towards the concepts of intelligent societies mediated by
IoT systems for anyone and IoMT (Internet of Medical Things) for patients [12]. In this
document, the prior analysis to the research is carried out, this constitutes the first stage
for the proposal of integration between ELE and the Industry 4.0/Society 5.0 paradigms;
so, the opportunity of development for conceptual integration axes will be detected for
the second stage in this study.
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Fig. 1. Relationship among Aml, AAL and ELE contexts.

2 ELE and eHealth Relationship

Nowadays, IoT is considered as a pervasive paradigm covering each moment more func-
tionalities for the human activities and environments; it is a good tool that allows keeping
records and controls of the activities that arise around it, this task has been carried out
with the accelerated growth of the Information and Communication Technologies (ICT)
that has provided benefits in multiple contexts thanks to its ubiquity and transparency,
for example, in Electronic Health (eHealth), Mobile Health (mHealth) and AAL [13].
This emerging development brings on the implementation of ELE services based on IoT
tools applied to medicine (IoMT) in real-time supervision with cyber-physical environ-
ments based on the connectivity of systems, networks, devices and processes [14]. Thus,
eHealth and ELE are interrelated through ELE’s own domains with eHealth application
opportunities; in this relationship, there are a tendency to obtain valuable characteristics
from IoT that make it holistic, resilient, configurable, dynamic, customizable, afford-
able, available, among other attributes [15]. Service personalization is the remarkable
aspect of eHealth systems that defines in part the design of an improved environment,
related with traditional medicine whose aspect is reactive and in opposite to the proactive
framework of eHealth; this becomes to ELE in a kind of personalized medicine service
where treatment, patient-doctor communication, diagnosis, risk assessment and resource
management are combined with integrated technological systems [16].

The conjunction between eHealth and ELE implies three essential domains: the first
is the determination of the personal characteristics that make up the identity, the disease
or limitation and the risk factors; a second element corresponds to the execution of the
daily activities that compromise the patient self-care, leisure and work; finally, a domain
of environmental factors are framed from contexts like services, assistive technology,
care and life [17]. In this way, ELE has three interrelated domains that include people’s
cosmovision, technology reference and committed institutions, while, eHealth proposes
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assistance opportunities to the elderly and people with special needs through people
adaptivity according to their characteristics, applicability of technologies to the real
environment and success decisions of a conscious society; Fig. 2 shows an abstraction
for this possible integration between ELE and eHealth to provide an optimal assistance
that cover patient needs in two possible scenarios, inside and outside environments of
the hospital system which aims to achieve improvements in the QoL and well-being.
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Fig. 2. ELE’s interrelated domains and eHealth advisability integration.

2.1 Assisted Living Technology and ELE

The impact of technology in health and society contexts has been relevant from the point
of view of services that can be provided; at patient level, eHealth paradigm has allowed
that people with dysfunction or limitation of their physical, psychological, cognitive or
social abilities to be integrated into the different processes where they were previously
excluded, so that, the environment is now influenced by adapting requirements to needs
of new users, where patients, medical staff and families are immersed; thus, services
and systems converge towards the development of assistance frameworks classified into
two groups: intelligent eHealth and eCare technologies, where, for both cases, resources
such as tools, devices and support equipment are committed [18].

Assistive technologies correspond to the operational fact of ELE [19, 20], and are
evidenced within the field of development of support systems, where the new findings
compose the application contexts of new techniques and methodologies categorized by an
orientation towards the needs of the users, among which stand out mental functionality,
mobility support, sensory functions, orthotics and prosthetics, communication skills,
recreation and sports, improvement of home and work environments and daily activities
[21]. Although technological developments allow systems to be integrated in a variety
of ways that are dependent of defined methodology, there are still limiting factors for the
conformation of healthcare support systems, such as, the characteristics of the company
that performs the integration, orientation of the problem kind to treat, business and
commercial monopolies, support of external agents, unknowingness of real needs of the
users and segmentation of markets [22].
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An important factor in the implementation of assistive technologies is the user
experience, which promotes the use of the user-centered design methodology where
ergonomics, functionality, emotionality and quality are determining factors in the design
where positive experiences are provided and these allow the acceptance of ELE later;
this results in a better acceptance of the systems that make up the intelligent environment
[23].

3 General Architecture of ELE Paradigm

ELE paradigm is envisioned as a possible context sensitive architecture where its com-
position demands multiple elements and systems that are related through visible contexts
called entities that can be people, objects or physical spaces, they are linked by low-
level or raw data and high-level data or context through representations of situations
[24]. In ELE there is evidence of a learning condition on the people status from the
behavioral, psychosocial and environmental levels, so, this is an interpretation of the
activities and interactions of the subject with their environment; an event that defines the
type of architecture between centralized context systems or distributed context systems;
in the first case, monitoring and control are carried out from a central processing unit that
works with different actions for the interconnected elements; in the second case, they
are not discriminate processes on a single control element, rather, they integrate multi-
ple elements with intelligent characteristics linked through a complex communications
network associated with two types of units, multi-agent systems and service-oriented
architectures [25].

These architectures demand that standards and modalities must be defined due to their
heterogeneous nature, that determines the use of middleware as the link layer between
the constituent elements of the integrated network and the applications that are designed
from the knowledge base of devices and processes, until the execution of the different
procedures and the appropriate user interfaces [26]. Thereby, it is observed that ELE
must adapt elements that allow an adequate composition of the architectures that are
proposed and determined by the subject and the environment; these actions are seen in
the organization and management like value chains of Industry 4.0. So, ELE adopts this
orientation by adjusting several systems and protocols of Industry 4.0 context to smart
living environments [27].

3.1 Industry 4.0 in ELE Context

The added value evidenced in Industry 4.0 is applicable to the adaptability of smart
environments proposed by ELE by its multidimensional nature that provides opportuni-
ties, benefits, flexibility, new services, cost reduction and optimization of value chains
from integration of emerging technologies in IoT, Big Data analytics, systems inte-
gration, cyber-physical systems, cloud and edge computing, artificial intelligence and
simulation of environments [28].

The concept of Industry 4.0 has an impact on what is now called Health 4.0 or
Healthcare 4.0, where all its particularities are adopted and integrated into services
and technologies that are managed from eHealth as a new ecosystem from ELE [29];
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Figure 3 shows this concept as a characterization of new aspects that are derived, espe-
cially, of IoT, including the Internet of Body Objects used in telemedicine (WIoT), the
Internet of Health Things that combines the action of wearable medical devices with
context-awareness systems (IoHT), the Internet of Medical Things that personalizes the
interaction between implantable and wearable devices with the cloud and the Internet
(IoMT), the Internet of Nano Things that applies the new nanotechnologies for health
services (IoNT) and the Internet of Mobile Things in Medicine that related personal area
communication services with monitoring of physiological variables through 4G and 5G
networks that are characteristics of mobile Health (m-1oT) [30].
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Fig. 3. Characteristics of Health 4.0 according to ELE-Industry 4.0 integration.

3.2 Society 5.0 in ELE Context

Intelligent spaces are always improved environments from the technological and con-
ceptual bases; among the most important concepts for the implementation of organized,
inclusive, optimized and comprehensive life contexts proposed by ELE, there are empha-
sis given to people from the perspective of Society x.0 and its close relationship with the
evolution of the Industry x.0, which has generated a positive impact from the experience
of the various social nuclei, where four states of current knowledge are differentiated,
that differ from the temporal aspects and give rise to the perspectives of action and imple-
mentation of this classification: data society, information society, knowledge society, and
the new proposal, a wisdom society [31].

Japan has led the implementation of this paradigm from its conception like digital
transformation within the globalization framework, technological evolution and value
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given to people and environments; for this reason, each one of the societies evolution
stages are characterized as an inherent function of the development of industrial eras
in which people have adapted to their environments for their subsistence, however, the
philosophy of Society 5.0 frames an economic, political and social development that
focuses on responsible people as the transforming axis of their environment where the
general well-being of each one is sought as an active component of a social status quo.
This delimits the framework of the so-called super intelligent societies (or Super Smart
Societies); for this case, ELE, like a paradigm, provides a valid reference frame, con-
sidering that the objectives are the same as they are supported by emerging technology,
new dynamic processes and social transformation [32]. Figure 4 shows the intrinsic rela-
tionship between industry development and social evolution from technology innovation
that change the people environment based on human beings needs; actually, knowledge
provides continuous data that must be analyzed with the purpose to feedback a new infor-
mation management, after a learning stage is carry out, the new required information is
generated for optimal society performance.
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Fig. 4. Relationship among societies evolution from industrial development ages.

Environment transformation is, therefore, a principle that normalizes ELE under the
postulate of human habitat innovation, which corresponds to the necessary adaptation
activities of the personal, social and cultural niche, through convergence frameworks of
emerging technologies present in cyber-physical spaces, structural transformation under
the formulation of effective policies, and people’s QoL from support and assistance
services based on new information [33]. Bearing in mind, that information produces
knowledge, it must be transformed into action, which becomes a benefit for the com-
munity, which allows conditioning the personal social environment to their needs and
perspectives [34]; thus, ELE takes the process of environment transformation from the
information management by capturing a high volume of data that is managed for the
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formation of services using intelligent community connectivity [35]; that leads to an
innovated ecosystem that is modeled environmentally and it is promoted from science
and technology at a socioeconomic, political and cultural levels that has a positive impact
on personal modus vivendi, a specific purpose of ELE [36].

4 Industry 4.0 and Society 5.0 Paradigms Inside ELE Context

ELE paradigm has a huge potential for elderly people and patients in their extrahospita-
lary contexts; the integration of new technologies and methodologies are a challenge for
researchers due to its complexity; however, the conjunction of elements can be observed
like opportunities, specially, if a framework is created using the interrelated concepts
that here are commented. The advances in this work from the authors, have as objective
the design of a first composition of actions for three domains, medical research, sociol-
ogy research and information sciences, that ELE could use like a possible framework.
Figure 5 shows as the technology will be the center that focuses on patient requirements,
social inclusion and information resources for the main ELE actors (people, medical staff
and society); technology convergence brings opportunities through awareness context,
ubiquitous environments, successful services, operational tools, data security, among
others; ELE takes purposes and goals of Industry 4.0 and Society 5.0 paradigms.
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[ (s )
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Fig. 5. Action domains and opportunities on ELE, Industry 4.0 (medical) and Society 5.0
(sociology) integration proposal. Source: adapted from [11].

The elements of the ELE, Industry 4.0 and Society 5.0 integration proposal will be
described below:

— Medical research: using the emergent technologies for enhanced the QoL of patients
and elderly people through the application of processes and methodologies that are
suitable in different extrahospitalary environments.

— Sociology research: like a way to understanding the people behaviors under situations
that are adverse with their daily life by means of the comprehension of their community
interaction and social reality.
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— Information sciences: through a big data collected from ubiquitous systems that record
a lot of signals of people and environments; likewise, the acquired information will
let create added value services and optimized processes.

Industry 4.0 and Society 5.0 are very important concepts for ELE as integrating cores,
for example, in efficient frameworks that will allow to gather new technological concepts
of Industry 4.0 with the social reform and innovation formulate by Society 5.0. ELE will
be most suitable for extrahospitalary context in smart cities and the next reliable wisdom
society, as it will be more inclusive and adapted to the true needs of its users.

5 Conclusions

The relevant aspect of modern society is to maintain an appropriate state of well-being in
its members using innovative mechanisms that generate a positive impact on its evolution;
it becomes an emerging object of study from the tendency to keep the social system in
which a person is part. It should be considered that the human beings are entities of
customs that, to a large extent, are shaped by their living environment, that can be
unfavorable to them, individual and social development is diminished, generating states
that are opposite to the objective of maintain QoL.

This exploratory study brings the interpretation of ELE like a trend that has been
strengthening from different aspects that, when is properly integrated, allows the envi-
ronment for daily activities development in the human being adapts, not only their needs,
but their expectations and preferences, aspects that are mediated by new emerging tech-
nologies. ELE makes use of these technologies to make changes required by different
environments for personal development and community activities, through different
fields that potentiate its conception; ELE can intervene satisfactorily in these devel-
opment fields in a transparent, objective, sensitive and proactive manner, considering
ubiquitous systems, ICTs and the philosophies proposed by eHealth, Smart Cities and
Society 5.0 have the same characteristics [37, 38].

The field of work, in a near future for ELE, is promising, considering that the diversity
of solutions proposed for different aspects of environments improvement, are framed
in the accelerated advance of the scientific and technological processes, as well as,
the transformation of thinking that is emerging in new governmental, academic and
cultural organizations. It is, therefore, that ELE will be a provider of services, systems,
devices, trends, methodologies and techniques that will adjust to those needs, as Aml,
AAL and the different conceptions of the IoT infrastructure are already doing, thus,
this proposed convergence brings an integration framework based on applications and
extended services with social inclusion, data security, transparency and reliability.

Society 5.0 intends to generate balances between all the lines of the communities,
but without losing sight of the fact that the central axis is the citizen, and in that sense,
the requirements in the different developments must arise from he/she and towards
he/she must arrive the functionality and enjoyment of the improvement in the different
systems that are technologically implemented; in this way is the technological provision
of Industry 4.0. From this perspective, the range of opportunities and impacts that can be
generated so that health, well-being and adaptation are combined to aim for high levels
of happiness in people, their families and communities is undeniable.
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As part of future works, the authors will present the investigative process focused on
the identification of ELE within the framework of Industry 4.0 and Society 5.0 paradigms.
After, the conceptual validation will be done, and finally, the technical validation will
be carried out using implementations regarding the detected opportunities, usability
criterions and user centered design.

In terms of practical models, several frameworks for applied assistive technologies
have been proposed with multiple approaches, for example, in treatment of children
autism spectrum disorder using painter exercises [39], methodologies to create healthcare
projects [40], or strategies for improvement the medical processes [41], among others.
ELE goes beyond applied technology with the transversal integration of new paradigms.

Acknowledgements. Authors give a special acknowledgment to TELEMATICS Research Group
for its support. TELEMATICS belongs to Faculty of Engineering at Universidad Pedagégica y
Tecnoldgica de Colombia, Tunja, Colombia.
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Abstract. The promotion of cultural heritage is an area in which older people
can be actively involved, as their experiences and memories are an active and
relevant source of information. However, older people are not fully aware of this.
Therefore, it is important to promote a campaign of awareness towards them in
this aspect, since this would also contribute to favor an active ageing, enhancing
certain cognitive capacities. New technologies are an increasingly useful mean for
this active ageing, with mobile phones, tablets and computers being used more
and more commonly among the older population. The development of mobile
applications for use with these devices is on the increase, solving the limitations
that the elderly population would have towards the use of these new technologies.
The aim of this project is to design an app for the dissemination among the elderly
of the awareness of active ageing linked to cultural heritage. Taking into account
the requirements associated with the limitations of the elderly for its correct use, a
very simple app for Android platform has been designed for Smartphone devices
through which they can access content corresponding to different cultural areas,
mainly composed of videos in which elderly people promote cultural heritage.
This app, which has an interface very simple with few buttons and easy menus,
supposes an important means to promote active ageing using cultural heritage,
involving them more and more in the use of new technologies.

Keywords: Active ageing - App - Awareness - Cultural heritage

1 Introduction

Mobile applications have become an essential tool in our daily lives. These applications
allow the user to access and manage any type of information quickly, directly and practi-
cally from anywhere. It is for this reason that together with the mobile device they form
an essential union in different sectors [1].
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The number of apps with application in the field of active aging are increasingly been
used [2]. There are multiple applications for cognitive stimulation of the elderly, fitness
and even many of them for the access to social networks to share their experiences. The
AGEment project [3] aims to raise awareness among the population, especially adults
and elderly people, towards the concept of active ageing, linking it to cultural heritage.
The objective of this work is to design an app for the dissemination of the awareness
raising material created in the project.

2 Methods

2.1 Platform

The first question when implementing an app is what the target platform is. The two
main platforms are Android and IOS. For this development, the target platform chosen
for Smartphone has been Android. The main reason for choosing Android has been the
number of users of this platform, superior not only in Europe but also in most of the rest
of the world (Fig. 1) [4].

Fig. 1. Distribution of prevalence between Android and IOs operative system worldwide

In addition, regarding the number of downloads of applications, the google market is
far higher, as reflected by the data (Fig. 2) [5]. So, we think it can have a greater impact.
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Fig. 2. Number of downloads: IOs vs. Android
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2.2 Requirements

Given that the main target audience of this app is the elderly, its design aims to minimize
the options for interaction without decreasing the functionality of the app. To achieve
this in the design, the following requirements have been taken into account:

e Minimize the number of buttons with which to interact
Maximize the size of all interaction systems

Prioritize images and video over text

No drop-down menus

All possible links are on screen and not hidden

The development of this type of apps requires the use of a participatory design process
with the different end users and stakeholders involved during the problem definition
phase [2]. In the AGEment project, some partners work directly with elder people and
stakeholders related to health care providers, so they have involved them in the selection
process of the above-mentioned design requirements.

According to the objectives of the project and the work carried out to define the
generation of content for awareness-raising, these have been organized as follows:

e All contents have been organized in European cultural heritage areas.

e The contents have been multimedia material, mainly videos in which the adults them-
selves are the protagonists of their experiences and knowledge related to concepts of
active aging.

e The contents have been labelled to facilitate their consultation.

3 Results

Based on the identified requirements, the app has been designed for Smartphone devices.
Figure 3 shows the app starting screen.

Traditionals Games

Fig. 3. Starting screen of the app
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As can be seen, the interface is very simple and there are no submenus. At the
top, in addition to displaying the project logo, it also incorporates a search bar so that
users can search the video directly. Then, and according to the contents, the categories
corresponding to the cultural areas of the case studies appear. Each category element
consists of a representative image and the descriptive title of the category.

When a specific category is accessed, the user will be able to view a list of all the
resources in the category (Fig. 4). As in the previous screen, each element shows an
image and the title of the video. The user will be able to click on both the frame and the
title, being the interaction easier for older people in this way.

Fig. 4. Example of video list for dance category

Clicking on a specific video, a new window with the video to reproduce and a
broader description of the content of the video and related areas of active aging and
cultural heritage will be shown to the user (Fig. 5).

When the user wants to play back the video, this will be displayed in full screen.
This video will incorporate the playback controls (Fig. 6).
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Fig. 5. Screen show the selected video and its description in detail

Fig. 6. Example of full screen video

4 Conclusions

The resulting app is the first one aimed at raise awareness about the importance of active
ageing using the cultural heritage for older adults, as well as to incorporate the physical,
cognitive and social activities during the daily life contests as a part of ageing well
process. Therefore, this result combines current user-centered technologies to provide
an innovative tool that allow self-training and delete the existing barriers between the
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ICT and the elderly. This developed app will facilitate a progressive learning on ICT
skills and will promote digital competences in Adults.

In order to increase the accessibility, acceptance and to facilitate the training com-
munication, the app has been translated from English into the national languages of the
consortium partners (Spanish, Italian, Portuguese and Romanian).

This app could serve as basis for include material and content to training another
aspect of the active ageing, such as nutrition or security. For this, new practical cases
and new videos would have to be created and incorporated in the app.

As future work, a validation of the app has to be performed to evaluate the user-
friendliness and the appropriateness of the awareness content.

Due to the barriers of using ICT by very elder people, the app should also be available
not only for mobile devices (tablets and smartphones), but also for SmartTV, as older
adults can use the technologies with which they are more familiarized using just aremote
control.
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Abstract. On the one hand we are an ageing society due to the demographic
change and on the other hand Assisted Living Technology (ALT) progress rapidly
to meet this demand. So that it is expected in the following years to become an
abrupt part of the long term care (LTC) services and the care of older people. Under
this perspective the digital literacy of the target group (formal/informal caregivers,
health care and personal care workers in LTC) is more than essential in the newly
shaping, technologically driven, care giving environment. The scope of the three
year Erasmus+ project TechCare was to further progress the digital literacy-related
knowledge of the direct target group. The digital literacy should go beyond the
simple knowledge of the function of ALT’s, to the critical adaptation and evaluation
of ALT’s into the long term care environment according to the specific needs of
each beneficiary. In other words: The main objective of the TechCare project was
to promote an ethically sound and practically viable adaptation of assisted living
technologies in long term care. The project’s contribution to this objective was
to train carers as evaluators and primary level counsellors upon the ethical and
practical challenges that determine the acceptability of assisted living technologies
(ALTs) into home and community care.

1 Introduction

In the last decades, under the mounting pressure of demographic ageing, there has been
a veritable proliferation of Assisted Living Technologies (ALTs) designed to help older
people remain autonomous and have a good quality of life [1]. The concept of Assistive
Technology and ICT based solutions can be broadly defined as systems and resources that
take a holistic approach towards tracking, monitoring and fostering the overall health,
security, safety and quality of life of its users. It can include systems, software, products,
devices, practices as well as a combination of any two or more of these to address the
needs of its users who have some form of limitations or disabilities [2].

Older people have a huge array of needs and requirements that they face with increas-
ing age. The variation of these requirements relate to age, gender, background, expe-
rience, skills, knowledge and so on. Apart from the impact these varying needs and
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challenges may have on autonomy and independence, they also limit the abilities of
older adults to perform Activities of Daily Living (ADLs) indepently [3]. Given this
profound shift in the age distribution of the population and the prognosis for the future,
it is inevitable that in Europe the ratio of older people in need of care to active work-
ers will increase [4]. This phenomenon causes problems and challenges for the society
since there will not be enough health care workers to support the older [5]. Therefore,
technology-based services and Assisted Living Technologies which aim at supporting
older people in performing their daily routine tasks and in sustaining their independent
living and quality of life in a supported environment are starting to be more important
and are therefore on the rise [5, 6]. On the same direction, EU is focusing on the pri-
oritization of home care, and into this domain assisted living technologies can play a
substantial part.

Nevertheless seniors, their relatives and caregivers are often still uncertain and skep-
tical about the various new technologies in older people care. Acceptability of new
technologies is a very complex issue entailing several crucial factors that have impact
on the final decision on behalf of the patients and their caregivers. The complexity is
mainly due to the fact that while new technologies aim to maximize the autonomy,
general wellbeing and self-determination of the patients and in parallel to soften the
overload the caregivers experience, they may produce some negative effects to other
equally important aspects around the personality and the personal requirements of the
patients. There is a delicate balance in the form of a trade-off between what technology
offers and what it takes that should be considered, under the specific characteristics that
constitute a patient’s personal and social environment. Subsequently, there is an obvious
need, in European societies, the rapid advance of the assisted living technologies to be
followed by a corresponding knowledge and patient-centered critical evaluation of the
services and applications offered.

Towards the European wide goal of integrated care, patients, caregivers and health-
care professionals should be placed at the center of healthcare innovation and policy
reforms. This implies supporting people to lead healthy lives and in being engaged in
the management of their conditions and risk factors, in adhering to treatments and in
having a voice in care decisions [7].

First of all, we have to start with raising awareness on the role and impact of assisted
living technologies in older people’s care and on having an understanding of what their
function and services are.

The lack of awareness of the potential added-value and trust towards ICT-based sup-
port solutions requires strategies to raise awareness among all stakeholders—including
policy makers, health care professionals, informal caregivers, and care recipients—about
support opportunities offered by ICT [8] and ALT’s.

Atfirst, care recipients and caregivers should understand the impact new technologies
may have in relation to their wellbeing, way of living and ethical integrity. This first
approach and critical stance towards assisted living technologies, as a new necessary
part in health care and especially in care of older people, is the objective of the TechCare
project (http://techcareproject.eu/blog/). The scope of the project is to contribute towards
the wider implementation of digital solutions serving towards the so-called “digital
transformation” as an essential key to the success of implementation of innovation in
health-care systems, at micro-level [9]. In order to obtain that, TechCare focuses on the
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ability of formal and informal caregivers to act as practical evaluators and primary level
counselors upon the ethical challenges posed by ALT’s that determine the acceptability
of ALT’s into home and community care. Respectively, the TechCare e-learning platform
was developed to deal the above issues through the following six modules:

How can I identify the needs with the older person?

Search and find available information about ALT.

What are the ethical issues that emerge from the use and presence of ALTs?
What is the best solution to meet the needs of a specific older person?

How and who should introduce an ALT solution?

The ALT solution that I chose, was it useful and worthy?

ANl o e

The platform (https://techcare.httc.de/course/) provides caregivers with specialist
knowledge in order to assess and weigh up ethical, social and legal aspects of new
technologies. The course is offered through “blended learning”, a combination of face-
to-face offers and distant learning but it can also be used completely online.

The course has been developed based on 1. a literature review offering a taxonomy
of ICT for home and community care, 2. a list of concerns of patients and caregivers in
relation to ALTSs as they emerge from specialized social science literature, and 3. Semi-
structured interviews conducted by the authors in three different European countries:
Germany, Greece, and Spain. The interviews were conducted using an adapted version
of the Unified Theory of Acceptance and Use of Technology is (UTAUT2) [10, 11].

2 Methodology

The main innovation of the TechCare training is the focus on the ethical and practical
validation of assisted living technologies for home and community care of elderly people
that directly affect the quality of life of both the beneficiaries and their formal and
informal caregivers, as it is:

a) The practical parameters that determine the patient’s acceptability of ALT’s.

b) The role of the caregiver in this new environment and the smooth cooperation
between the caregiver and the ALT’s.

¢) The impact assisted living technologies have on the ethical and social sphere of the
beneficiaries, namely - Privacy - Autonomy - Obtrusiveness - Passivity - reliance on
automation - Reduction of social interaction.

The second innovation is the development of a flexible pedagogical framework that
is needed to underpin e-learning environments in order to ensure that they address effec-
tively the individual learning approaches of the diverse population of formal and informal
care giver and social worker in partner countries.

Two consecutive pilot studies were conducted to evaluate the feasibility, usability and
usefulness of the e-learning platform as well as to assess the achievement of objectives.
These objectives were translated into the following research questions:

1. How many participants enroll and finish the TechCare training? (Adherence)
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2. Are the modules as well as the e-learning platform feasible? (Feasibility)
Are the modules as well as the e-learning platform accepted? (Acceptance)
4. Is the e-learning platform usable? (Usability)

w

To answer these questions, the following methodology was chosen and agreed upon
by all partners in the Final Methodological Plan. The Methodological Plan contained
specific instructions, goals, and deadlines for the pilots. (please, see the website of the
project).

Two consecutive pilot studies were conducted in Belgium, Germany, Greece and
Spain. Both pilots focused on the modules (content), the TechCare e-learning platform
as well as the overall concept (content mediated via e-learning platform). The feedback
from the participants in the first pilot was used to adapt the content, the e-learning
platform as well as the procedure for the second pilot. Each pilot ran for six weeks.
In both pilots, quantitative measures were used through questionnaires. Roughly, the
procedure was as follows: 1) Training for the trainers; 2) Recruitment of participants; 3)
Introduction for learners; 4) Implementation of the e-learning platform and content for
six weeks; 5) Evaluation.

3 Recruitment

As each partner organizations had diverse preconditions (different care systems per
country, existing networks, possibilities to reach the target group, focus on formal versus
informal carers, etc.), each partner organization was in charge for the recruitment process
by itself. Different approaches were chosen. A short overview of the strategies is provided
below. Next to the successful recruitment strategies, also problems will be mentioned as
the reach of the target group became very difficult.

Belgium: The Belgium partner belongs to the Interdisciplinary Research Group on
Law Science Technology & Society at the University and faced some problems to recruit
learners from the social care domain which was the original target group of the project.
The partner contacted a day care center for people with dementia to involve the care
givers but due to lack of time they could not participate. Then he contacted the faculty
of health and could involve some experts.

Greece: For the Greek partner there was no particular problem in recruiting the
participants. Frontida Zois has a large deposit of collaborating caregivers so addressed
to them to participate into the pilots.

Germany: As the German partner is an organization providing all kinds of services
they have direct access to formal caregivers. An education center providing VET also is
part of the organization. The partners recruited one nursing class (health care profession-
als in elderly care) per pilot to reach formal carers in training. In order to include even
more learners the partner involved Bachelor students from two different Universities
studying nursing science, nursing management or social work.

Spain: The Spanish partner organization sent information about the project and an
invitation to follow the training to several associations (gerontology and health social
work societies, and several health social work student forums). Mainly social workers
and informal carers were interested and connected to the platform. Unfortunately not all
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completed the course even though they were given all the time they needed to complete
it. Some entered the platform and downloaded the material, without doing any activity.

4 Procedures (Training and Implementation)

140 Formal and informal caregivers and social workers from Belgium, Germany, Greece
and Spain took part in two consecutive pilot studies. Participants were recruited per
country, following different and individual recruitment strategies according to the pre-
conditions of each partner organization. At first two trainers from each partner country
attended the common three-days training activity in Greece acquiring information in the
TechCare learning methodology and training framework in order to deliver and supervise
the pilot programs.

The first pilot study was conducted between January and the middle of March 2020.
The second pilot was supposed to start in the Middle of April and end in May 2020.
The second pilot faced unsurpassed problems due to the COVID-19 pandemic. In the
first pilot all partners except the Spanish used the blended learning methodology. This
means the learning material was delivered through a combination of face-to-face and
self-directed learning in order to ensure that the learning outcomes depend heavily on
learning interaction and sufficient face to- face sessions. As the Spanish partner is a
University delivering all courses fully online they used their proofed methods to deliver
the TechCare training. After the first pilot the evaluation questionnaires were filled out
by the participants. The data were collected by the partners/study coordinators in each
country and summarized. Then some changes to the TechCare e-learning platform as
well as the training content where made according to the received feedback. Due to the
COVID-19 pandemic all partners had to change to distant learning in the second pilot
phase.

5 Results

As the objective was to test the feasibility, acceptance, adherence, usability of the training
material and the e-learning platform the TechCare training course is evaluated positive
in its biggest parts. The e-learning platform is usable and user friendly, the informa-
tion provided are comprehensible and appropriate for the target group. The platform
fully covered the expectations and demands of the learners. The division of the training
content into learning units accompanied by specific interactive educational videos, that
provided visualization of the training content, assisted learners to comprehend better the
educational points, and to be able to produce in the same way their own cases.

Many participants were not familiar with the training content and its narration of
new approaches in care combined with the use of new technological applications. This
resulted into a restrictive interaction of the participants with the training content. Several
contacts between the trainers and the learners were made to help learners match their
experiences with the training examples and be able to extract their own conclusions.

For many of the learners the educational content was their first introduction to the
function and requirements of the Assisted Living Technologies. For this reason, the
training content itself, had to confront the same problems it was developed for, as it is
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hesitation towards the unknown, lack of previous familiarization with the issue, fear for
the impact that technologies may have on the caregiving tasks. Consequently, the piloting
of the training content was the study of the parameters that impact ALT acceptance and
at the same time their real time experience. All these factors it seems that in general
resulted to a problem of interest in the course. In this sense, during the needs analysis,
the caregivers interviewed already seemed to be more interested in the existing ALT
catalogue and how to use it in their daily practice, rather than in the ethical issues
involved. This is something they see as less useful and inapplicable, especially if, and
this is particularly important, neither the care receivers nor their families requested the use
of ALTs, let alone were worried about the ethical issues implied in it. But here a question
arises: Should we act proactively for when the ALT’s will become an irreplaceable reality
into home and community care? Should we start to consider this development already?

6 Conclusion

Assisted living technologies are the new reality in older people care and in long term
care. Providing to caregivers the opportunity to get to know with these technologies and
to learn how to evaluate them in a primary level is very important for improving the
performance of their tasks and for lessening their workload without compromising the
safety and the quality of life of the beneficiary.

The conclusion deriving from the TechCare project’s pilots is that the caregivers
regard yet as distant or - when the time comes — as complementary the incorporation of
assisted living technologies into home and community care. Apparently, this estimation
relates to their limited experience on the field, not to mention their probable self-fulfilling
perception.

Another valuable conclusion that came out from TechCare project is that the intro-
duction of formal and informal caregivers into assisted living technologies and ICT
should focus at first into their digital health literacy. Even though the ability to search
and do the right selection of new technologies was in details analyzed in TechCare, the
digital literacy in terms of getting to know what the purpose of the equipment is and how
it works should be a training priority.

That is why the consortium of TechCare already works on the components of such
a digital health literacy training that will come up hopefully as TechCare 2.

Nevertheless, one of the major issues nowadays is the integration of care, meaning
the connection and collaboration of the different care levels and different health pro-
vision stakeholders. Assisted living technologies is an essential part of it, as they can
increase the efficiency of the health and social care systems and respond to a series
of pending problems related to the lack of caregiving workforce and the avoidance of
hospitalization. TechCare by training caregivers to act as agents for the successful and
acceptable implementation of assisted living technologies into home and community
care, seeks above all to ensure the empowerment of the patients and of their caregivers.

Above all, digital innovations and assisted living technologies, should meet the needs
and expectations of health-care professionals, patients, and carers, respecting the impor-
tance of human contact, not replacing it but complementing it, notably in terms of quality
and personalization [12].
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For the participating organizations, regarding the care provision organizations, it was

presented the opportunity to update the knowledge deposit of their personnel aiming to
incorporate new services into the ones already provided.

For the Academic Institutions, TechCare presented an excellent opportunity for the

involved experts to search the impact of new technologies in elderly care environments
and to prepare the ground for further research and publications on the field.

Furthermore, it is essential to develop a communication channel between the assisted

living manufacturers and the care providers, and TechCare project can empower the
critical abilities of the care providers towards better and more individualized devices
[13].
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Abstract. Functional disability can arise at any time in the life cycle of the elderly
person, impairing autonomy and independence in their daily life activities. Making
early intervention by the Rehabilitation Nursing Specialist (RNS) essential to
maximize independence in self-care and improve quality of life through physical
and emotional recovery, with verification of health gains. Objective: Acquire
RNS skills through an intervention program for people with orthopedic disease
with self-care deficit and demonstrate health gains. Methodology: Training of
functional activities in elderly people with orthopedic disease, with intervention
based on the Yin Case Studies (2018), Orem’s Self-Care Nursing Deficit Theory
(SNDT), Lopes Mid-Range Theory (2006), through the ENCS instruments and
Barthel Index. Results: Health gains in functionality with decrease in self-care
deficit. Conclusion: Acquisition of RNS skills by providing specialized care to the
person with orthopedic disease, improving the capacity of functional and self-care
activities, promoting autonomy and quality of life.

Keywords: Person - Nurse specialist in rehabilitation nursing - Self-care

1 Introduction

Health is defined as a condition we face at the moment, from which we do not suffer from
pathologies, deficits, inaptitudes or needs [1], but in a sudden and unforeseen way, the
state of acute illness appears, generally transitory, which interrupts sometimes severely
the normal way of life, and there is no time to adapt to new conditions [2].

The orthopedic service welcomes people of different ages, victims of accidents with
bone fractures and traumatic injuries, not only affecting the bone structure, but also the
structures surrounding it, causing injury to the surrounding soft tissues, hemorrhages,
joint effusions, hemarthrosis, dislocations and muscle ruptures [3], causing immobility,
pain, functional limitation and anxiety.

Autonomy in daily life activities is vital, regardless of a person’s age [4] where early
recovery is consistent with the prevention of hospital infections, joint stiffness, decreased
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muscle strength, promoting a return to family, social and professional environments,
and active reintegration into society. This makes early RNS intervention, in this area,
important for the reduction of dependency, length of stay, and complications, evidencing
gains in health and quality of life [5].

This work aims at the acquisition of RNS skills, through an intervention program
for people with orthopedic problems of a traumatic nature, for whom it is necessary to
create appropriate strategies for training self-care [6] and functionality [7] to return to
active life.

RNS being responsible for generating, executing and supervising specific patient
rehabilitation plans, based on possible and current problems of the people, based on
Orem’s theory of self-care, in the sense of developing capacities of adaptation in the
processes of evolution between health and disease promoting self-control and self-care
in the person [8].

SNDT consists in helping the person, until he/she is able to help himself/herself,
giving him/her the necessary skills and knowledge to be able to take care of him/herself,
being the self-care, a set of activities that promote the progress and maturity of the person
in a certain period of time, with the objective of maintaining and preserving life [9].

RNS provides care to minimize the effects of the self-care deficit [7], but it is
important to emphasize that the relationship nurse-doctor, through trust, proximity and
availability [10], is an important step towards the success of this same intervention.

2 Methodology

Three case studies were carried out, through the approach to the method of [11] based
on sources of evidence, direct observation, interview, based on documents, allowing to
maintain in a holistic way the particularities of the real events, in the life cycle of each
individual [11]. Based on the middle range theory [12], based on a therapeutic relational
intervention between nurse-patients, supported by diagnostic evaluation and therapeutic
intervention, based on strategies such as interviewing the sick person, the family and
data collection[12].

The main tool used for data collection was the Elderly Nursing Core Set [13], based
on the International Classification of Functionality (ICF) which evaluates the disability
of the person or population according to the health context [14, 15], using a unique,
standardized language, describing health and the conditions associated with it, through
a conceptual arrangement of information extensible to personal health care, in which the
needs of nursing care are defined [16].

The selection criteria in the person with orthopedic disease were highlighted, focus-
ing on traumatic orthopedic situations, including 3 people (Al, A2, A3) admitted to
the orthopedic service, of working age and integrated into professional life, manifesting
changes in mobility caused by traumatic injuries, subject to surgical intervention. This
is identified by letters and numbers to hide their identity, protecting their intimacy and
confidentiality [17].
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This being an intentional and rational selection sampling, because the members of
the population are chosen due to the relationship between them and the purposes of
the study [18], not probabilistic, and representative by the various variables [19]. The
characteristics of the participants of this study are presented in Table 1.

Table 1. Sociodemographic characterization of study participants.

Case study Al A2 A3

Age 68 60 58

Gender Male Female Female

Nationality Portuguese Portuguese Portuguese

Marital status Married Married Married

Family attaché Wife and child Husband and son | Husband and two sons
Level of eduation | 9th year of school Teaching degree | Teaching degree
Profession Building and construction | 1st cycle teacher | 2nd cycle teacher

The mean age of study participants is 48.60 years with a standard deviation of 8.21
years of age. It is verified that 66.66% of the population is female and with higher
academic level, and in general in professional working age.

Strategies were developed that initiated the Diagnostic Assessment Process through
the medium range methodology [12], with consultation of the clinical process in a
computer system, approaching the person through interview and observation, evalu-
ating knowledge, disabilities, motivations, potentialities and objectives following the
therapeutic intervention for recovery and rehabilitation. The first moment of evaluation
related to the diagnostic evaluation occurred in the first uprising after the surgical inter-
vention, the second moment is materialized on the day of discharge, after the therapeutic
intervention of RNS.

3 Plan of Intervention

A rehabilitation program, helps adaptation to a new condition and improvement of the
quality of life [20], which reinforces these cares, as an area specialized in maintenance,
promoting comfort and quality throughout the life cycle, preventing complications, dis-
abilities caused by illness or accident, based on decision making for the design of inter-
vention plans in various areas including motor training and self-care [21]. This plan was
adapted to functional limitations and comorbidities [22], according to people’s needs,
as well as personal preferences, environment and resources, and is described in Table 2.
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Table 2. Motor functional rehabilitation intervention plan.

Indicators of Objectives Interventions Expected results

results

Knowledge - To know the - Provide a calm and welcoming - Selection of a

about people expectations of | environment [24] program adapted
the person, - To evaluate the person through to the needs of
taking into subjective and objective examination | each person [28,

account their
personal goals
and health
project [8]

- Assess
functional
capacity to
obtain necessary
information and
be able to plan
interventions
[23]

[25] and to collect pertinent
information [8] in observation and
interview

- To use scales and measurement
instruments8, such as the ENCS
[26], Barthel Index [27], to verify
physical and motor capacity [28]

- Prepare registration documents,
field notes [12] and Clinical record
- Implementation and evaluation of
an intervention plan with the use of
evaluation instruments according to
the diagnoses identified [30]

29]

- The person must
feel, encouraged
and accompanied
[30], from the
beginning to the
end of the program

Training for
self-care

- To enable the
functioning of
the self-care,
helping the
family in the
management of
the disease,
allowing to
enhance the
autonomy and
well-being [7]

- Assess potential for rebuilding
autonomy:

- Encourage self-care [30];

- Promote awareness and autonomy
to perform tasks that allow
independence at home [28]

- Enhance respiratory control
through the dissociation of breathing
times and diaphragmatic breathing,
relaxation techniques and rest
positions [32]

- Improvement in
quality of life [22,
29,31, 33, 34]

(continued)



Promotion of Functional Independence in the Self-care Deficit

Table 2. (continued)
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Indicators of Objectives Interventions Expected results
results
Increased - Prevent muscle | - To perform early mobilizations in | -To prevent the
physical contractures, all joint segments still in bed, reduction of joint
capacity in activate isometric and isotonic exercises with | amplitude and
muscle and joint | circulation, passive and active mobilizations complications
movement vascular assisted in the operated limb and associated with
dynamics; avoid | active exercises with the inactivity and
pain, joint contralateral limb [35, 37] prolonged bed rest
injuries, - Isometrics applied to the abdominal | [40]
maintaining muscles, buttocks and quadriceps,

tone, strength
and function
[23]

- To enable the
increase of
strength, muscle
tone,
maintaining an
adequate level
of muscle
strength for safe
walking,
transference, up
and down stairs
safely [36]

extension of the popliteal region
against the mattress surface, and use
of a reduced volume roller, for 4 s, 2
series of 10 repetitions [38]

- Isotonic with free active exercises,
assisted, resisted from unaffected
limbs; assisted non-resisted active in
the operated limb (without load)
according to the tolerance, at the
level of the hip joint perform flexion,
extension, abduction, knee extension
and flexion, tibiotarsis, flexion and
extension, 2 series of 10 repetitions
[38]

- Therapeutic activities: rolling;
bridge and elbow loading [39]

Functional state
improvement in
body balance

- Increase
volume and
muscle strength,
physical
resistance,
improve body
balance [41]

- Train balance [41] assess blood
pressure and heart rate to maintain
clinical safety [42], put on elastic
stockings

- To assist in the promotion of static
and dynamic balance sitting in bed
[39] and to encourage orthostatic
balance training, dynamic, static
with support from the walker, twice
a day, in the raising and return to bed
[43]

- Body awareness,
correct posture,
maintenance of
balance [44],
preventing and
correcting postural
defects [45]

(continued)
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Table 2. (continued)

Indicators of
results

Objectives

Interventions

Expected results

Functional state
improvement in
transfers

- Training for
safe transfer
techniques and
gait training [46]

Assist in the transfer to an armchair,
with no load on the affected member:
- Maintain a safe environment, with
an armchair next to the bed, with the
wheels locked

- Person sitting on the bed, with feet
resting on the ground; closed and
adherent shoes

- Instruct to transfer with device
(walker), to chair

- Use the same technique to transfer
to the bed [46]

- Training to walk
[47]

Functional state
improvement in
gait with gait aid

- To be able to
walk with a
walking aid, to
promote
locomotion
autonomy [47]

- Encourage, assist, train to walk
with walking aid, selected according
to needs45:

- Walking for greater stability [46]
(Cases A2 and A3);

- Maintain body alignment;

- Moving forward with walker,
moving forward with the affected
lower limb (no load), and then with
the healthy lower limb, walking a
distance of 6 m (do not exceed the
base of the walker while walking);

- Advance with the 2 axillary support
crutches (Case Al), transferring to
them the weight of the body, with a
3 point walk, walk 10 m;

- Descend and ascend scales;

- Climbing stairs (2 repetitions),
advance first with the unaffected
limb, followed by the crutches and
finally the affected limb;

- Going down stairs (2 repetitions),
moving forward with the axillary
crutches, then with the affected limb
and then the unaffected limb [46]

- Reduce the load
on intervened
structures, improve
the balance and
reduce pain [46]

- Improvement in
physical resistance
and functional
capacity [48]

(continued)
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Table 2. (continued)

Indicators of Objectives Interventions Expected results
results
Evaluation - Quantify [25], | - Evaluate results at the beginning - Confer
and monitor and end of the program [25], identify | significant gains in
health gains, physiological adaptations [28] health [49],
produce mobility and
sensitive self-confidence
indicators [41], self-care and
aiming at self-management
continuous [7]
quality
improvement in
health [21]

Considering also the safety, pain, tiredness, intensity and rhythm of the exercises, it
is necessary to plan periods of rest with the person, in order to be able to perform the
activities when the person presents more energy [23], and thus obtain gains and progress
in the exercises. Once the intervention plan has been defined, the analysis of the gains
in terms of functionality and self-care, as a result of RN care, is highlighted.

4 Results and Discussion

The moment of individual presentation of each case study [11] has arrived, it is not only
based on the description, it forms hypotheses based on the data obtained [18], derived
from the facts observed during the data collection, are analyzed and presented, allowing
the logical connection with the object under study and the proposed problem [18]. The
evaluation of the gains obtained after the RNS intervention are described in Table 3.

All cases, in general, obtained visible gains. In the analysis of the data, it can be
seen that the case study A1 distinguished itself in the global score of the functional with
14.00% of gains, compared to A2 and A3, obtaining in the globality 9.00% of score
after intervention. But it was at the level of the self-care parameter that the gains were
more evident, reaching in general 19%. The learning and memory functions presented
the most significant value in case Al, with 8.00%, noting that A3 shows no deficit in
this parameter.

There are still no problems in terms of communication and relationship with
caregivers.

Regarding the Barthel Index, gains of 31.6 score were achieved after intervention,
where all cases evolved from a severe to moderate dependence.

Functional gains were also observed regarding the ability to walk with a walking
aid with the objective of autonomy in locomotion [47]. In the Al study, tolerance in
a 30 m walk with axillary crutches, as well as up and down stairs [46] in 2 series and
4 repetitions, the A2 case presented an evolution from walker to ergonomic crutches
tolerating the distance of 10 m, while the A3 person was able to walk 10 m and transfer
to a chair. Briefly, at the level of training for AVD [50], we verified gains in transfers
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Table 3. Evaluation of gains according to the ENCS scale

Cases | Evaluation | Global Self-care | Learning | Communication | Relationship | Barthel
functionality and with friends | index
score memory and

functions caretakers
Al Initial 21.00% 44.00% | 8.00% 0.00% 0.00% 30
Final 7.00% 17.00% | 0.00% 0.00% 0.00% 70
Gains 14.00 % 27.00% |8.00% |0.00% 0.00% 40
A2 Initial 15.00% 35.00% | 4.00% 0.00% 0.00% 50
Final 7.00% 17.00% | 0.00% 0.00% 0.00% 75
Gains 8.00% 18.00% |4.00% | 0.00% 0.00% 25
A3 Initial 12.00% 31.00% | 0.00% 0.00% 0.00% 40
Final 7.00% 19.00% | 0.00% 0.00% 0.00% 70
Gains 5.00% 12.00% |0.00% | 0.00% 0.00% 30

Average Gain 9.00% 19.00% |6.00% | 0.00% 0.00% 31.6

per score

and mobility in studies A1, A2, A3, going up and down stairs and eating in person Al,
as well as bathing also in Al and A2 and use of toilet in studies Al, A2, A3. It should
also be noted the early discharge in these people, as a result of the RNS intervention,
which after this enabled them to adapt at home.

5 Conclusion

According to the results verified in this work, the importance of the Rehabilitation
Nursing in an orthopedic service is affirmed, besides the visible gains in the use of the
ENCS, the number of days of hospitalization was reduced, after the application of the
intervention plan. In these case studies, the advantages of early lifting and mobilization
after surgery were verified, being fundamental to restore a set of organic changes incited
by inactivity in the bed [46].

The importance of applying a methodical and organized register, with the purpose
of providing health professionals with a tool for collecting information that can measure
the gains in functionality, is demonstrated [51].

Being the responsibility of the RNS, to evaluate the impact of the change in functional
capacity on the quality of life and comfort of the person in all phases of the life cycle,
with emphasis on functionality and independence in various contexts It is essential, to
enable the person with disability or with limitation of their activity and/or restriction
of participation for reinsertion and exercise of citizenship [8], the early recovery of the
person of working age, becomes important to be able to return to society and social life,
avoiding complications such as depression, anxiety and disabilities, being these people
in most cases the source of family income.

It is verified that the sensible gains as a result of the RN care, demonstrate improve-
ment in the quality standards and excellence of care in the various contexts of practice,
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recognizing this specialty as a reference for prevention and recovery of the person [21].
Being profitable in the future new studies in this field to demonstrate the importance of
RNS, in other contexts of practice and in its ability to recover and/or adapt the different
areas of functionality in the person with disabilities.

Faced with this context, it was possible to acquire RNS skills by planning inter-

ventions, based on functionality, promoting education, setting goals and commitment,
walking the path of rehabilitation alongside the person, providing them with capabilities
and tools to maximize their functionality.
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Abstract. Objective: Identify the Rehabilitation Nursing intervention gains
based on the model of self-care in people with a Proximal Femur Fracture.
Methodology: Descriptive and exploratory study, using Robert Yin’s qualitative
case study methodology. The Elderly Nursing Core Set (ENCS) was used as a
data collection and diagnostic tool; and Fonseca’s Self Care Model (2013) was
used as an orientation for intervention. Results: There was an increase in the gains
in the general functionality of patients after the intervention of the Rehabilitation
Nurse. Conclusions: The evaluation of the functionality through the ENCS and
the systematization of the care through the Self-Care Model allowed the develop-
ment of an intervention plan, which by taking into account different dimensions,
ensured the obtaining of sensible gains of the care of Rehabilitation Nursing.
Professional practice implications: Since the patients needed to continue the
rehabilitation program at home, teachings were made to the informal caregiver in
order to empower him/her.

Keywords: Nursing - Rehabilitation - Self-care - Proximal femur fracture -
Informal caregiver

1 Introduction

Proximal femur fracture is one of the most frequent health problems in the elderly,
given the risk factors that this age group presents. It is also one of the major causes
of dependence. Patients with proximal femur fracture have an estimated mortality rate
between 20-30% in the year following the fracture event and only 15% of these patients
recover their previous functional capacity, and it is estimated that about 40% remain
with a type of severe disability [1, 2].

When the person is in a situation of dependence and does not have the capacity to
take care of himself/herself, the need arises for another person to take care of him/herself,
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with the nurse and the family playing a fundamental role in this. Self-care is a human
regulatory function that people deliberately perform for themselves or that someone
else performs for them, in order to preserve life, health, development and well-being,
according to the Orem’s Self Care Theory [3].

The Fonseca Self Care Model [4], which serves as the basis for the intervention
plan of this study, has as essential components the Orem’s Self Care Theory; and the
continuum of functionality proposed by CIF, which is composed by the description of
the functional level, through which it is possible to determine the self-care deficit, and
the need for nursing care.

The patient and the caregiver, due to the new situation of dependency, go through a
process of transition that generates changes in family dynamics, particularly with regard
to changes in social life, paper dysfunction, and financial burden [5].

The Rehabilitation Nursing Specialist, due to his/her specific skills, plays a primor-
dial role in the recovery and re-adaptation of the patient with proximal femur fracture,
as well as his/her caregiver, in order to minimize complications and maximize his/her
potential of autonomy reconstruction, obtaining sensitive results from nursing care.

Outcomes sensitive to nursing care can be defined as all those that are relevant, based
on the domain and nursing intervention, and for which there is empirical evidence that
relates nursing interventions to outcomes [6].

2 Materials and Methods

2.1 Methodology

This study was developed in an Orthopedic Department from May 20 to June 28, 2019. It
aims to identify the gains of the Rehabilitation Nursing intervention based on the Model
of Self-Care in People with Proximal Femoral Fracture.

This is a descriptive and exploratory study, having chosen Robert Yin’s qualitative
case study methodology (Fig. 1), in which a detailed and complete examination of a
phenomenon linked to a social entity is made, which in the case were three individuals
[7].

As for the theoretical references for the practice of care, Lopes’ medium range theory
and Fonseca’s Self Care Model, based on Orem’s Self Care Deficit Theory were chosen
[3. 4, 8].

In the data collection process, direct observation of the relationship between the
patient and his/her family and their actions, interview and interaction with them, physical
evaluation, complementary diagnostic tests and records of the clinical process of the
patient were used as sources of evidence; following up on the first phase of the Yin
methodology [7].

Since the functionality of the patient is one of the objectives of the Rehabilitation
Nurse intervention, the ENCS [4, 9], based on the self-care model and the CIF, developed
by WHO, was used as a diagnostic tool. It was chosen for this study because it contains
sensitive indicators of rehabilitation nursing care, because it evaluates the functionality
of the patient, the needs of nursing care in various contexts and also evaluates the effective
gains resulting from nursing intervention.
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Fig. 1. Multiple case study methodology, adapted from Yin (2003: 73) [7].

For this study three patients were selected in an Orthopedic department. An accidental
or convenience sample was chosen, in which easily accessible individuals were selected
who met precise inclusion criteria [10]. Thus, the following criteria were taken into
account: patients with proximal femur fracture, over 65 years of age, with self-care
deficit, and with a need for continuity of care after discharge from hospital, having an
informal caregiver.

3 Results and Discussions and Conclusions

3.1 Discussion of Results

Following the Yin methodology [7], the different cases (C1, C2 and C3) will be presented,
for which a brief description will be made.

A brief sociodemographic analysis of the population in question shows that the
majority of the population is female, with an average age of 78.3 years, of Portuguese
nationality, married, retired and with a low level of schooling (Table 1).

It is common for all to have suffered a fall with diagnosis of inter-trochanteric femur
fracture after going to the emergency service. They were admitted to the Orthopedic
Department, where they were at rest for about six days in the case of C1 and C2 with
skin traction. As for the surgical intervention, it was also common to all the fact that it
was a digging.

Prior to the fracture, C1 was independent in the ADL’s, while C2 was already partially
dependent, as well as C3, who used a Canadian as a walking aid.

In the first lift after the surgery, in all cases there was indication to make partial load
on the operated limb and to put elastic stockings on. It was found that in all cases there
was a decrease in muscle strength (especially in the operated limb), a decrease in static
and dynamic balance in the standing position, and moderate dependence on transference,
as well as inability to walk.
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Table 1. Sociodemographic characterization of participants.

Case studies Cl1 C2 C3
Age 76 years 79 years 80 years
Gender Female Female Male
Nationality Portuguese Portuguese Portuguese
Estado civil Married Married Married
Family attaché | Husband, son-in-law and | Husband Wife, Son,
two granddaughters Daughter-in-law and
(>18 years) granddaughter
Education level | 4th grade Did not complete the 4th | 4th grade
grade (can read and
write).
Profession Rural worker (Retired) Maid (Retired) Baker (Retired)

For data analysis and diagnostic evaluation, the ENCS (Table 2) [4, 9] was applied,
and the focuses of nursing with need for intervention were identified (General Function-
ality, Self-Care, Learning and Mental Functions, Communication, Pain, Relationship
with Friends and Caregivers, Transference, Walking with Walking Assistant, Muscular
Movement, and Balance). It was chosen to make the diagnostic evaluation in the 1st lift
after the surgical intervention and the evaluation after the intervention, at the time of
discharge, in order to evaluate the patient”’s evolution in the postoperative and the gains
of the Rehabilitation Nurse’s intervention plan (Table 3).

When applying the ENCS, it was possible to perceive that, initially, all the evaluated
patients presented it as a Serious Problem (50-95%). Regarding the general functionality,
it was found that only for C1 was a Serious Problem (62%), while for C2 (45%) and C3
(37%) it was a moderate problem.

Once the different dimensions of the ENCS that contribute to the general functionality
were analyzed it was concluded that the main problems for C1 and C2 were Learning
and Mental Functions (62.5% and 47.67%) and Communication (56.25% and 31.25%),
since these patients were a few days with disorientation of time space and changes in
memory and attention, not being able to collaborate in the care.

For C2, however, the relationship with friends and caregivers stands out, which
despite being a slight problem (18.75%), will have an influence on his/her recovery,
since one of the significant caregivers is not present.

As for C3, it was verified that at the time of the high it maintained the general func-
tionality as a moderate problem (30%), with only slight gains in self-care (16.67%). In
this case, the patient always remained oriented, but with the intervention of the rehabil-
itation nurse, it was found that the main obstacles to their collaboration were pain and
anxiety.

Pain is the main problem of the patient after surgical intervention, and interventions
at the physical, pharmacological and psychological level are fundamental to promote his
comfort and well-being [12]. In cases C1 and C2 it was possible to verify that a significant
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Table 2. Sensitive gains of Rehabilitation Nursing care, after application of structured
intervention plan and diagnostic and final evaluation with the ENCS instrument.

ENCS instrument Gains
Case study Diagnostic assessment Final assessment
C1 General Functionality - General Functionality - 26%
62 % 36%
Self-care - 72.92% Self-care - 47,92%
Learning and Mental Learning and Mental
Functions - 62.5% Functions - 33.33%
Communicate - 56,25% Communicate - 31,25%
Relationship with Friends and | Relationship with Friends and
Caregivers - 12.5% Caregivers - 12.5%
C2 General Functionality General Functionality 23%
-45% -22%
Self-care - 62.5% Self-care - 45.83%
Learning and Mental Learning and Mental
Functions - 41.67% Functions - 8.33%
Communicate - 31,25% Communicate - 6,25%
Relationship with Friends and | Relationship with Friends and
Caregivers - 18.75% Caregivers - 18.75%
C3 General Functionality General Functionality 7%
-37% -30%
Self-care - 68,75% Self-care - 52,08%
Learning and Mental Learning and Mental
Functions - 16.67% Functions - 16.67%
Communicate - 18,75% Communicate - 18,75%
Relationship with Friends and | Relationship with Friends and
Caregivers - 6,25% Caregivers - 6,25%
Global average 48% 29% 19%
functionality

improvement occurred, changing from a serious to a moderate problem, which allowed
a greater participation of the patients in the rehabilitation program.

In general, sensible gains were obtained in Rehabilitation Nursing care, and accord-
ing to the Self-Care Model [4], therapeutic self-care deficits went from severe to
moderate.

3.2 Implications in Professional Practice

The self-care behavior, as well as the functional and knowledge capacity, were com-
promised in the different cases under study. Therefore, as Orem [3] recommends, the
educational support system, besides being implemented with patients, was also applied
to caregivers. For it becomes necessary to train the families/caregivers in a systematic
way in order to minimize the stress experienced by them and for them to acquire security
to carry out the care at home [13].
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Table 3. Rehabilitation nurse intervention plan.

Interventions

Objective

Respiratory Functional Re-education
- Awareness of Breathing
- Abdominal-diaphragmatic exercises

- Improve alveolar ventilation and prevent postoperative
complications [11]
- Prevent immobility complications, reduce edema, improve

- Costal re-education exercises

Motor Functional Re-education

- Isometric exercises (abdominal muscles, buttocks and
quadriceps)

- Free, Assisted and Resisted active mobilizations of the
lower limb and upper limbs;

- Free and assisted active mobilizations of the tibiotarsal
joint and fingers of the Lower Limb with fracture,
according to the patient’s tolerance (and the other limb
segments after surgery)

- Exercises for bridge and bearings

Promotion of Patient Functionality

- Promote control of pain;

- Ist Up (2nd day Post-Operative);

- Promote Self-Care;

- Teachings and training related to Positioning in bed,
Balance, Transfer, Walking with gait aid and Prevention of
falls;

- Promoting Patient Awareness;

- Encouraging their involvement in care and decision
making;

- Give positive reinforcement in Progress

Preparing for Caregiver High and Qualification
Informal

- To know the patient’s background, home conditions and
family/friends or caregivers support;

- Involve the informal caregiver in the care process;

- Teach and train the caregiver about: Prevention of Falls,
Transfers; Walking with walking aid; Self-care; and Use of
support products (e.g. Toilet Bowl Lighter, Bathroom
Board);

contractility and strength of compromised muscles [11]

- Promote general patient functionality through early
mobilization, comfort measures, pain relief and effective
communication [12]

- Garantir a continuidade dos cuidados na comunidade, quer
pela familia/cuidador ou institui¢des de satide ou sociais [2]

3.3 Conclusion

The rehabilitation process should be initiated as early as possible, and should include
the patient in the decision making and empower the informal caregiver to respond to
the continuity of care in the home and to develop coping strategies that facilitate the
management of their care.

The inclusion of both motor and respiratory functional re-education teachings from
the preoperative period improves muscle strength, joint amplitude, balance, gait, func-
tional capacity in general and quality of life and, on the other hand, contributes to
reducing pain, the incidence of pressure ulcers, hospital stay, re-hospitalization rate,
institutionalization and mortality [11].

With this study it was possible to reaffirm the importance that the evaluation of the
functional capacity has for the Rehabilitation Nursing. In addition, the systematization
of care based on the Fonseca Self-Care Model [4], allowed the development of an
intervention plan, based not only on the needs of self-care, but also on the functional
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capacity and knowledge of the patient and, in the conditions and context of the same,
including the caregiver. For this, besides partially and totally compensatory interventions,
an educational support system based on the therapeutic relationship nurse-patient/career
was implemented, and it was possible to obtain sensible results from rehabilitation
nursing care, which translated into gains both in self-care and in general functionality.
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Abstract. The percentage of older adults has not stopped increasing in our coun-
try. In rural Spain, the data on ageing is even more worrying. If we look at
Extremadura, we see that the percentage of the population over 64 is higher than
the national average, with 20.7% of the total population over 64. For the human
being, occupation (the activity of the person) has direct implications on physical
and psychological health. The therapeutic alliance between health professional
and patient is essential because it is based lies in the achievement of cooperation.
The objective of this study was to analyse use of new technology and technological
devices during the months of lockdown. The interview was carried out by a spe-
cific researcher, during the months of September-October 2020 in the Autonomous
Community of Extremadura to people who lived in their homes or a residential
centre. A qualitative interpretative study of a phenomenological nature carried
out. A total of 14 participants were included in the study (9 lived in the residential
centre). Finally, we could observe that one factor determine the perception that
people over 64 have about the use of new technologies and technological devices,
is influenced by the social and emotional factor.

Keywords: Elderly - Isolation - Technology - Rehabilitation

1 Introduction

The percentage of older adults has not stopped increasing in our country. According to
the projections of the National Institute of Statistics, in 2068 29.4% of the population
will be over 64 [15]. In rural Spain, the data on ageing is even more worrying. If we look
at Extremadura, we see that the percentage of the population over 64 is higher than the
national average, with 20.7% of the total population over 64 [16].

With the limited information currently available, it appears that both older adults
and people of any age with underlying medical conditions may be at greater risk of
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serious illness from COVID-19 [21]. The risk of Covid-19 infection and death in the
adult population [8] and that in the region is a very high rate of ageing. It is essential
to pay attention to those who live in residences centres that exist in Extremadura [13],
o users of day centres, focused on covering the needs of older people as a whole, from
care and personal attention to the promotion of autonomy [10].

Nearly one-third of the world’s population is in isolation or mandatory quarantine.
The Covid-19 pandemic has posed many challenges to maintaining standards of care
and treatment for patients while addressing the growing anxieties of patients, caregivers
and the general public [23], without forgetting the additional impact of this lockdown,
accelerating, in many cases, the process of regression of many patients [20].

For the human being, occupation (the activity of the person) has direct implica-
tions on physical and psychological health. Through participation in different activities,
human beings exercise and facilitate the development of their motor, psychological and
sensory functions. Any restriction of any of these functions, together with an inaccessible
environment, can create a loss of significant roles for the person, negatively impacting
their social participation and sense of life [5].

The term therapeutic alliance was developed throughout the 20th century by the
Austrian physician Sigmund Freud. He raised the importance of the analyst maintaining
interest and an understanding attitude towards the patient to allow the healthier part of
the patient to establish a positive relationship with the analyst [7].

Despite a growing body of research on how various technologies support relation-
ships between people, the ability to keep the unique aspects of the therapeutic alliance
at arm’s length remains a concern for many professionals [18]. This therapeutic alliance
is nothing more than the interpersonal relationship between patient and therapist. Since
the emotional and relational quality of the bond between them is an essential part of the
rehabilitation process, it can be a determining factor in the effectiveness of the therapy
[7]. The therapeutic alliance is essential because it is based lies in the achievement of
cooperation, demonstrated by both the client and the health professional. It is the result
of three components: agreement on the tasks to be performed during treatment, agree-
ment on objectives and goals, and the emotional bond between therapist and patient, i.e.,
the possibility of developing an attachment through mutual acceptance and trust [14].
A situation that, relatively a few months ago, was practically unthinkable to happen
telematically.

In 2018, more than 920 people over the age of 64 died in Extremadura due to
progressive dementia, with Alzheimer’s disease being one of the leading causes, with
almost 350 deaths [17]. Considering loneliness as a risk factor (1.58 times greater) in
the development of dementia of those with an established social network [11].

Throughout the life cycle, many changes occur, both at the biological, behavioural
and cultural levels, based on the context and environment of the person, which is why
we can say that the human being is a holistic being. One of the biological changes that
occur throughout life is the process of ageing. To aged involves changes in the brain
that imply modifications in cognitive and functional functioning, memory visuospatial,
relationships, and the speed of information processing can be reduced. At the same
time, verbal skills seem to be better preserved [4]. Dementia implies a loss of these
cognitive capacities, due to dysfunction or brain damage of organic cause, producing a



170 S. Chimento-Diaz et al.

decrease in personal autonomy, making it difficult to carry out activities of daily living
(ADLs), and which are often accompanied by alterations in affectivity and behaviour.
More than 90% of dementias are due to chronic neurodegenerative or vascular processes
associated with ageing for which no curative treatment is available [22]. Mood and
mental health are fundamental. As a consequence of being in lockdown for an extended
period, the person becomes a little more vulnerable. For this very reason, we must support
the carers, who also have their familiar surroundings [2]. Health professionals such as
occupational therapists are responsible for ensuring that the person achieves the highest
level of personal autonomy through the recovery, achievement and maintenance of the
user’s lost abilities. The role they play in the field of geriatrics is present in different
areas of daily life, from the most basic activities linked to self-care such as dressing,
eating, mobility or grooming, to the development of communication and relationship
skills with other people Health professionals estimate that, due to the pandemic, users
have had a 75% reduction in the hours in which they have received face-to-face treatment.
41.94% of occupational therapy professionals estimate that the percentage of users with
the possibility of accessing and managing telematic care is less than 25% [3]. Social
networks are gaining strength in terms of the implementation of rehabilitation techniques
with patients, facilitating communication between patients and users, and facilitating
communication between residents of nursing homes and their families, thus reducing
the lack of communication due to the prohibition of visits in these centres [2]. However,
it is essential to control these social networks given their direct relationship with possible
problems such as anxiety, given the constant exposure to information that is available
[12].

2 Materials and Methods

A qualitative interpretative study of a phenomenological nature carried out. The data
collection based on the following issues:

Have you been in the situation of receiving cognitive rehabilitation telematically?
What are the technological resources you have at your disposal?

Do you need help to use the technological devices?

Has it made it easier for you to maintain your activity because professionals have
looked for alternatives based on new technologies?

Ll S

The interview was carried out by a specific researcher, during the months of
September-October 2020 in the Autonomous Community of Extremadura.

As criteria of inclusion, it was taken as a reference that the person was older than
64 years old, resided or has resided in the last year in a residential centre or is a user of
someday centre. As criteria of exclusion, it was taken into account an average of three
errors or more in the Short Portable Mental Status Questionnaire (Pfeiffer Questionnaire)
for people who can read and write and four errors for people without studies [19].

The method of data collection was through life stories, thus allowing a perspective of
the present reality of the person who participated in the study. The interview focused on
allowing the user to comment on their experience. In case they have made video calls or
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some other activity that allows them to be in contact with their relatives, or case none of
these activities have been carried out, what they think about it. Another of the activities
carried out during the state of alarm created by the COVID-19 health crisis was to hold
rehabilitation and cognitive stimulation sessions using video call platforms or to send
activities in the form of a pdf via e-mail. Allowing the person to do them out from the
computer or on paper if they could print the document.

The use of other technological devices such as smartphones, smartwatches and
computers with or without an internet connection assessed.

The qualitative analysis was carried out using the webQDA platform. It is it follows a
structural and theoretical design of other programmes available on the market, favouring
collaborative work online and in real-time and allowing qualitative data to be analysed,
individually or in collaboration, synchronously or asynchronously [1].

The variables that have been taken into account are sex, the socio-economic level
of the person, accessibility to technological resources and whether they have used any
technological device before the new technologies.

The predisposition to participate in the study was also collected.

3 Results

Eighteen interviews were conducted which, after a first screening and following the
criteria of the Pfeiffer questionnaire (SPMSQ), more than three errors or four if the
person does not know how to read or write, finally a total of 14 participants were included
in the study (Table 1).

Table 1. Grade of institutionalization of participants

Grade of institutionalisation | Men (9) | Women(5)

Residential centre 4 5
Day centre 4
Rehabilitation at home 1

Initial question “Have you ever been in the situation of receiving cognitive rehabil-
itation telematically? Allows us to know the situation that each participant depending
on the grade of institutionalisation in which they are. Inpatient in a residential centre or
living in the family home and going to a day centre. We can see that all the participants
who were admitted to residential centres during the months of lockdown did not need
to receive telematic treatment. However, they did rate the reduction in the frequency
with which they received services. At the same time, the 5 participants who were not in
residential centres were offered the possibility of receiving these therapies telematically.
In order to do this, it was necessary to have access to a technological device (computer,
tablet, smartphone), an internet connection, an e-mail account and, if the user required
it, a printer to be able to print out the activities recommended by the professional in
question. We find, therefore a significant limitation, 5 of the participants with the option
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to rehabilitation sessions in a telematic way, only one subject affirms to have used the
resources without the aid of a relative.

D: <I use the computer a lot because I communicate with my grandchildren,
one is in Barcelona and another in Germany. The activities sent to me by the
occupational therapist were printed out and then made on paper because I had to
use a pencil. But I did everything without help>>

On the opposite side, one of the participants states that he could not carry out the
activities unless the professionals themselves take him home, as he had no access to any
of the necessary devices or knowledge about how to use them

J.Z: K<l live here near the association. I was called by the occupational therapist
to come down and pick up the book that she left in my letterbox. I do not have a
computer or anything, and I live with my wife who does not know how to handle
these things very well either>>

This reflection leads us to ask ourselves the following question: What are the tech-
nological resources that they have? We can observe that only 1 participant has access to
computer equipment and internet connection at home. Three of the participants belong-
ing to the group of people living in the family home claim to have access to technological
devices of close relatives, such as children, grandchildren and nephews. On the other
hand, 4 of the respondents admit to having a smartphone but only use it to make calls
and have their relatives set alarms to remind them of pills.

Beyond the proximity or the possibility of accessing a technological device, we find,
above all, in users belonging to residential centres a certain reticence to use some devices
such as computers and intelligent clocks:

A: K We cannot leave everything to the machines.>>

D: I already have a radio, why do I want a mobile phone? If they give me the
big device when my niece calls me.>>

However, we discovered that many of the people interviewed had needed devices
such as tablets to be able to make video calls with their relatives during the months of
lockdown. They demand the need to learn how to use these devices because they do not
want to lose contact with their relatives if they find themselves in the same situation of
isolation and lockdown.

M: <1 would like to know how to use a computer to feel happier.>>

By asking the participants about the autonomy with which they use the devices,
we asked ourselves the following question: do they need help to use the technological
devices? We found almost unanimously that 13 of the 14 participants stated that they
needed and required help from a relative, either a wife or daughter, in the case of people
living at home and from the occupational therapist in the case of people living in nursing
homes.
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We can observe that, in this way, a situation of the dependence of the user is indirectly
generated about the person he or she has as a reference in order to be able to use
technological devices.

Despite the possible dependence that is created, we wondered if it was worthwhile to
need a reference person to lean on whenever the participant needs or wants to use some
device. So, with the following question: Has it made it easier for you to maintain your
activity because professionals have looked for alternatives based on new technologies?
It is the subjects themselves who recognise the need for meaningful occupation, the
importance of maintaining a routine and are aware that the break in the face-to-face
rehabilitation sessions has reduced the capacity for recovery and maintenance of skills,
especially on a cognitive level.

J.M:<Here, although we find it difficult to do so, because the professionals know
what is best for us, however, in my house, when 1 felt like, I did it and when I did
not, I did nothing.>>

4 Discussion

Interpreting the results, we can observe a bifurcation in two lines of action depending
on the degree of institutionalisation that each participant has had.

On the one hand, we find how the person’s social participation and the need to relate
to their peers have influenced the perception of new technologies and technological
devices as necessary.

Klund (2020) found that individual social participation is closely related to the
recovery process [9]. Social interaction is a very influential factor in the individual.

We can find out how all the subjects who have been admitted to residential centres
during the months of lockdown, despite not having technological devices, recognise the
need and usefulness of new technologies. However, this position is not so exact in users
who live in their homes, since the emotional factor of seeing a relative has not been
triggered.

M: <K Sometimes, when I saw my wife on the Tablet, I would burst into tears, I had
never been so long without being able to see her or hug her>>

J: &K We have a house in the country with a vast garden, my wife, my daughter and
1 left, and we have been there during the whole lockdown>>>

Another line that emerges after the analysis of the results is the relation between
carrying out the activities proposed by the professional at home or not, making evident
the relationship between the intention of doing and the occupation.

Christiansen stated that the term occupation refers to the involvement or commit-
ment in the performance of activities, tasks or roles with a productive purpose, of self-
maintenance. In contrast, when talking about occupational performance, we are referring
to the daily performance of occupations that organise our lives and satisfy our needs [6].
This theory gives rise to the pyramid of occupations, referring to levels of occupation as
hierarchies or levels.
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Levels of occupation were organised on a pyramid, where the activities are the base,
and the roles are the top.

At the bottom of the pyramid are the activities, understood as the specific behaviour
aimed at achieving a specific goal. At the second level are the tasks, which are the set
of activities that share the same purpose, and finally, in the highest position, the roles,
which are defined as the distinctive places in society [6].

For this process to be carried out, essential factors and functions are needed, influ-
enced by the context, the volitional capacity and the intention of the person, among
others. The same subject can have many roles at the same time, and he can have the role
of a parent, a sibling, a worker’s role and even the role of a sick person. A set of activities
and tasks accompanies each role. In some cases, in different contexts, for example, for
people who are active in the labour market, the role of the worker was developed in a
specific and delimited environment, the centre and workplace.

During lockdown we were forced to bring all roles together in one location, our home.
Maybe it may have distorted reality, making the assimilation of some roles difficult and
preventing the achievement of occupational balance [23].

To conclude, we could say that one of the factors that could determine the perception
that people over 64 have about the use of new technologies and technological devices,
is influenced by the social factor. We observed that patient who had been isolated and
separated from their families during the lockdown months. They recognise the need and
usefulness of new technology and even appeal to the need to learn to use technological
devices to help maintain the relationship with their loved ones without the need to resort
to a person who facilitates this contact.

On the other hand, we observe how those people who have been in their homes during
lockdown, do not perceive the use of technological devices as a vital need, beyond being
able to remain active with their respective rehabilitation treatments.

It would be interesting to be able to measure the impact of the reduction of reha-
bilitation services within the residential centres. Furthermore, we would like to see the
relationship between how it has been able to influence the intrinsic motivation of the
person to carry out all the proposed activities on all the online sessions. Due to the cur-
rent situation, some limitations those we have encountered are the problematic access
to the participants. Not being able to enter residential centres or day centres have been
subject to the character of the centre (public, subsidised or private) and above all of the
professionals in it, the latter being a determining factor.
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Abstract. Elderly population is constantly increasing and ageing is causing
demographic, epidemiological and anthropological changes such as to make
active and healthy ageing increasingly pivotal. With the objective to extend life
expectancy in good health, it is important to raise awareness about the adoption of
those factors that favor active ageing, such as a healthy lifestyle with proper nutri-
tion, regular physical activity, a good management of stress, sleep and emotion,
but also with an active participation in the social, economic, cultural, spiritual
and civil issues of the community. Cultural heritage is the set of physical arti-
facts and intangible attributes of a past group or society, maintained in the present
and left as a legacy for future generations. But it is important to raise awareness
among the older population to promote intangible cultural heritage linked to active
ageing. This work details the design and development of videos created for this
purpose. Through interviews to older people about intangible cultural heritage,
active ageing and quality of life, six categories of the first one have been selected:
traditional games, handcraft, dance, folklore and traditional festivals, classical
literature, painting and poetry. Eight videos within these categories have been cre-
ated, with subtitles translated into five languages and descriptive metadata. Elder
people have a fundamental role in maintaining and passing cultural heritage down,
as they have past memories of the socio-cultural environment (things, places, peo-
ple and experiences) and can be an important source of information for the sharing
and disseminating their knowledge to new generations.
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1 Introduction

Ageing is an inherent process of life. It is not possible to avoid ageing, but it is possible
to postpone and control impairment. Successful ageing is related to active ageing, which
is defined by the World Health Organization as the process of optimizing opportunities
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for health, participation and security in order to enhance quality of life as people age. To
be an older “active” person means to participate in social, economic, cultural, spiritual
and civic life, not just to be physically active or to participate in the labor force. On the
other hand, Cultural Heritage is a concept that can be seen as a transfer of societal or
individual values from the past to the future with benefits in the present. The heritage
means, actually, a healthy life style promoted by long-live people, as traditions and
customs of living. Cultural Heritage can be divided into distinct topics:

(1) Tangible cultural heritage: physical artefacts produced, maintained and transmitted
in a society, between generations [1]. Therefore, buildings and monuments, artistic
creations and other tangible products of human creativity with cultural significance
in a society are included.

(2) Intangible cultural heritage (ICH): includes five domains (oral traditions and expres-
sions, including language as a vector; performing arts; social practices, rituals and
festive events; knowledge and practices on nature and the universe; traditional
craftsmanship) [2].

(3) Natural heritage: cultural landscapes, biological and physical formations.

The 2003 UNESCO Convention [3] recognizing the role of ICH as a source of cultural
diversity driving sustainable development. Transmitted from generation to generation,
manifestations of ICH are constantly recreated by communities and groups, instilling in
them a sense of collective identity.

The key issue in the composition of the ICH is people awareness, which is a process
of active engagement with experience. It may involve an increase in skills, knowledge,
understanding, values, feelings, attitudes and capacity to act. Effective awareness leads
to change, development and the desire to learn more about living longer. In the AGEment
project [4], a European Cultural Heritage catalogue for the awareness of Active Ageing
has been developed, which can be seen as we learn, not just about, but through culture
and heritage.

Using information and communication technologies to support innovation and dis-
seminate Cultural Heritage can be a huge advantage in developing knowledge for those
who cannot physically access it. With the advent of digital technology, many institutions
create and maintain digital repositories that comprehend different media formats, such
as audio or video accompanied by registries and protocols for classifying, preserving
and retrieving data, and are content that can be accessed remotely via networks [6]. In
this sense, the awareness catalogue developed in the AGEment project includes a col-
lection of videos within different cultural heritage and active ageing areas. The aim of
this work is to detail the design and development of the created videos for the awareness
of intangible cultural heritage linked to active ageing.

2 Methods

An ICH element must be recognized by its communities, groups or individuals. Without
this recognition the element cannot be imposed or documented as so. Therefore, gather
information on this topic necessarily involves the communities, groups or individuals
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whose heritage is to be identified and defined. Documentation of the ICH elements
follows several overlapping stages, such as information gathering, data processing and
production of informational material. These stages have been constructed taking in con-
sideration participatory approaches and state of art information technology, allowing the
data collection with a diversity of digital devices.

2.1 Information Gathering on Elderly Related Healthy Lifestyles

Information gathering refers to the process of recording observations, experiences and
knowledge of the community members about the ICH elements. For that, a semi-
structured interview was performed to gather information on ICH, active ageing and
quality of life.

The interviewed population was active people, mentally and physically, participants
in the community life, but also active in designing their lives, with clear life motivation.
They were as aged as we found in the area of each partners country (Spain, Portugal,
Italy and Romania) and awarded of their healthy lifestyle, living in their homes and
keeping their autonomy. Healthy lifestyle doesn’t mean diet and exercises only, but also
stress management, relaxation, sleep quality and emotions (how we deal with negative
emotions). Moreover, their appreciation and awareness about their status as active people
was asked to let them the opportunity to describe their active life.

2.2 Selection of Contents

All data collection has been used to develop the contents that establish a connection
between cultural heritage and active ageing dimensions. These contents aim to raise
awareness of young and old adults to lifestyles that are encouraging a healthy ageing
process, prolonging life with autonomy and social inclusion of the population as they
get old.

After analyzing the interviews performed to several older adults in the countries of
each partner, the following ICH categories have been selected:

e Traditional games: transfer of happiness and memories to new generations. Promo-
tion of moderated physical activity that can support awareness messages about daily
movement of adults interacting with others.

e Handcraft: traditional jobs and social customs of small villages. They put rural life
in value and attract people to their surroundings. Both social relationship and healthy
food habits are promoted with this case.

e Dance: couples dancing is a low-impact physical activity that is very common among
the elderly and able to stimulate social relations between peers and between different
generations.

e Folklore and traditional festivals: experience and knowledge in music, dance and other
topics related to regional folk. Awareness messages have both physical and cognitive
implications, but always enhancing social importance of these festivals.

e Classical literature: gender aspect and gastronomy in classical literature. They pro-
mote mental wellness exposing several points of important women appearance in the
Spanish literature, i.e. the Quixote.
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e Painting and poetry: a reality made up of adults and old people that try to redevelop
their neighborhood through painting and poetry, coloring the buildings with drawings
and verses of poetry.

2.3 Production of Videos

During this stage, data are transformed in useful information through the creation of
videos on the selected ICH elements embedded on a didactic context to encourage
preservation of cultural heritage and simultaneously promote active ageing.

The videos have been produced following technical information:

Video resolution: 1920x1080 (Full HD).

Shooting orientation: horizontal.

Audio quality: maximum quality available, at least stereo.

Length: From 1’ minimum to 5’ maximum.

Language: any.

Subtitle: mandatory and in English.

Camera shootings: the shot should be fixed, no zoom and no pan.
Graphics: the video have to use the same banner and boxes graphics.
Font: the texts and title have to use the same font.

Boxes: three boxes to emphasize the relevant aspects of the project:

e personal/relevant information about the interviewee;
e aspects of active ageing particularly accentuated in the video;
e cultural heritage area linked to the active ageing of the video.

e Opening: project logos, title of the video.
e Closing: the same for each video, with project logos.

These technical criteria have not been based on any standards for video creation,
but have been established to maintain coherence in the application of the procedures to
create the videos by any project partner.

3 Results

As aresult of the above-mentioned procedure, eight videos have already been developed
in the following categories of ICH:

e Folklore and traditional festivals:

e Folklore: Pilgrimages in Caceres (Spain). A great connoisseur of Caceres describes
two of its oldest popular festivals: the pilgrimage of the Saint Martyrs and the
pilgrimage of Saint Blaise. He identifies their origin, gastronomy, costumes or
dances. He invites the elderly to preserve them and participating in them to be
active and autonomous.
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e Heraldry: Origin, meaning and interpretation. A member of the Institute of Heraldry
gives abrief overview of the study of heraldry. Specifically, he explains its origin and
teaches how to interpret and identify some of the shields of the families of Caceres.
He shows the importance for the elderly to continue studying and researching
different subjects, to keep their minds active and delay their deterioration.

e Legends: Monumental City of Ciceres. An amateur guide to the monumental city
of Céceres describes some legends related to the origin of the city and its citizens.
Specifically, he tells us about the legend of the reconquest of the city by the Arabs
and about some historical figures of the city and their relationship with the French
monarchy. He highlights the benefits of transmitting this immaterial knowledge as
a guide for his physical and mental well-being.

e Folklore: Candelas pilgrimage in Ciceres. An active housewife who narrates the
tradition of the Candelas pilgrimage in Caceres. She details the hairstyle and the
typical regional costume worn by the women, and also the popular gastronomy.
She encourages older people to not miss out on the traditions and instill them in
their descendants.

e Folklore: Pilgrimage of the Virgin of the Mountain in Céceres. The same woman
narrates the tradition of the pilgrimage of the Virgin of the Mountain in Céaceres.
It is celebrated on the first Sunday of May, coinciding with Mother’s Day. Many
people take part in this pilgrimage and it strengthens the social relationship between
the participants. She recommends that all the people walk up the mountain to keep
fit.

e Handcraft:

e Handcrafts: Embroidery. An embroidery enthusiast talks about different embroi-
dery techniques, but specifically she explains the Petit Point technique. She also
emphasizes the importance of not remaining inactive after retirement and encour-
ages older people to go out and socialize, as social relationship is vital and
necessary.

e Classical Literature:

e Classical Literature: Gastronomy in Don Quixote. A teacher of literature and pas-
sionate about Don Quixote and Miguel de Cervantes talks about gastronomy in
Don Quixote and therefore, in 16th century in Spain. She indicates the importance
of continuing to cook your own food for the quality of life of the elderly, because
in addition to being healthier, it is fun.

e Classical Literature: Woman in Don Quixote. The same person talks about the
situation of women in Don Quixote and, therefore, in 16th century in Spain. She
indicates the importance of keeping the mind active through reading, whether Don
Quixote or any other book.
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All videos have subtitles in the languages of all partners of the project (Spanish,
Italian, Romanian, Portuguese) and in English. The created videos include the following
descriptive metadata:

Title.

Description.

TAGs for searching.
Resolution.

Duration.

Registration date.
Active Ageing topics.
Cultural heritage area.
Active ageing messages.

4 Conclusions

The AGEment project aims to disseminate and raise awareness among the population,
especially adults and elderly people, towards the concept of active ageing, linking it
to cultural heritage, a topic relevant to the target audience and able to increase their
motivation to receive and understand the messages. To do this, it has developed as
awareness raising material some video interviews describing one or more elements of
cultural heritage that can motivate the interviewed people to lead an active life. During
the storytelling, the various factors of Active Ageing that characterize each experience
are also highlighted.

This work proposes an innovative approach to raising awareness about Active Age-
ing among older people as it uses multimedia content with high motivational content
thanks to the relationship between European cultural heritage and the promotion of well-
being in the adult age. Elderly people are not only the target audience of the developed
contents, but they are the protagonists and have been an active part of the whole material
development process.

New videos are being developed within the different cultural heritage categories
defined in this study. All these multimedia content will be disseminated to the elderly
community once they have been finished. For that, they will be available to the general
public in the webpage of the AGEment project. Moreover, new technologies will be
used concretely apps for both Smartphones and SmartTVs, since they are widely used.
They have been designed taking into account the limitations of access and use of elderly.
During the validation of such apps with end-users, contents evaluation will be included
to assess if the videos are successful in promoting a healthy lifestyle.

This project will directly contribute to generate “Ageing Literacy” that promotes a
positive and successful ageing, emphasizing the need for continuous health literacy and
ensuring the intergenerational ties joined under the same European Cultural Heritage. It
is expected not just develop materials with direct impact on ageing well promotion, but it
expects to generate discussion in the community that can lead the authorities to develop
sustainable measures on active ageing. Results from this project can be transferred to
other areas by helping to minimize social issues such elderly isolation in rural contexts.
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Abstract. The aging process has been and is still a concern for humanity.
Although some may consider old age as the peak of wisdom and tranquility, this
process is accompanied by the development of various diseases, contributing to
increased polypharmacy. In this age range, due to pharmacokinetic and pharmaco-
dynamic changes, polypharmacy becomes complex due not only to physiological
declining but also to decreased cognitive abilities that are crucial in a correct
medication management.

Pictograms are particularly useful for conveying information related to med-
ication especially for patients with low health literacy. Several studies confirm
that its inclusion in informative materials positively influences the patient’s atten-
tion, understanding, recall and adherence to treatment, demonstrating its poten-
tial for medication management in the elderly. This study describes and ana-
lyzes the results of the use of pictograms on medication management and adher-
ence by elderly patients, through a systematic literature review based on the pre-
defined methodological approach described in the Preferred Reporting Items for
Systematic reviews and Meta-Analyzes (PRISMA).

In total, fourteen studies that met the defined inclusion criteria were included in
the review. The studies were heterogeneous regarding the study design, population
size and types of results. The interventions showed positive results promoting
greater patient adherence to treatment and controlling problems related to the
incorrect use of medication, however, the specific results reinforce the need for
further studies in this area to provide a more complete approach about the use of
pictograms in health care, namely digital devices, especially in this age range.

Keywords: Digital use - Elderly - Health literacy - Medication adherence -
Medication therapy management - Pictograms

1 Background

Today’s society is characterized by demographic aging and, despite improvements, both
in health care and socioeconomic conditions that led to increased longevity, it was found
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that the aging process is still accompanied by the development of several diseases, con-
tributing to increased polypharmacy. Polypharmacy in this population becomes complex
due to the pharmacokinetic and pharmacodynamic changes associated with physiologi-
cal aging, but also due to the decline in physical and cognitive abilities, essential for the
correct medication management [1].

The ability of elderly patients to understand information about their therapeutic reg-
imens is a critical point for the correct use of medication. Low health literacy and high
medication burden in the older adult population are contributing factors to the misun-
derstanding of medication instructions, leading to an increased risk of poor adherence
and adverse events [2].

Although ageing is characterized by a natural and progressive loss of functionality,
it is known that it is still possible to delay it and improve performance, either through
the intervention of caregivers, health professionals or specific devices designed for this
purpose. From this perspective, the functional ability of the elderly to manage their
medication can be interpreted through the theory of self-care deficit, since medication
management is an activity that individuals perform for their own benefit to maintain
their health, well-being and quality of life [3, 4].

Pharmacists generally provide counselling about prescribed medications just once,
when a prescription is initially filled, even though some medications are taken for many
months or virtually indefinitely [5]. On the other hand, medication use instructions, such
as the leaflets accompanying medicinal products, are often written at a high readability
level, that potentially lead to the misuse of certain medications, low treatment adherence,
and as a result, worst treatment outcomes [6]. Therefore, it is important to develop tools
to help older adults to understand the instructions for taking their medications. One of
the methods used to increase the degree of understanding of drug-related information is
through the use of pharmaceutical pictograms.

Pictograms are graphic representations of objects or actions conveying a meaning
which should be independent of any particular culture or language [7]. Pictograms consist
of appropriately designed visual forms of health-related information, illustrating various
aspects associated with the use of medicines, for example the dosage form or specific
precautions [8].

Several studies demonstrate that pharmaceutical pictograms are useful tools to rein-
force both comprehension and recall of medicines-related information, attract attention
and reduce misunderstandings regarding a drug treatment, especially for patients with
low literacy [9, 10]. One explanation for why pictographs may work is the Dual Coding
Theory, first proposed by Paivio in 1971 [11]. The theory essentially holds that human
memory uses two interactive stores “verbal” representations and mental images. When
exposed to an image, the verbal memory may be triggered reinforcing memory traces
and subsequent recall [12].

However, it is important to understand if these pictograms can also be useful to help
elderly population to manage and adhere to the prescribed medication regimen.

This study aims to conduct a systematic literature review, to describe and analyze the
use of pictograms in the process of adherence and medication management, specifically
focused on elderly patients.
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2 Methods

A systematic literature review was performed, based on the pre-defined methodological
topics described in the Preferred Reporting Items for Systematic reviews and Meta-
Analyzes (PRISMA) [13].

The research question was defined as: what is the importance of using pictograms
in the medication adherence and management process by the elderly population?

To develop the search query, the PICO method was adapted and used:

— Population — elderly people (individuals aged 60 or over in developing countries and
individuals aged 65 or over in developed countries).

— Intervention — use of pictograms as tool to help medication management and
adherence.

— Outcomes — two outcomes were considered: i) pictograms identification and charac-
terization; and ii) results obtained with pictograms use.

The search was conducted in PubMed/MEDLINE database on 23" May 2020, with
the following search strategy: (((elderly) OR (“older people”) OR ( “older adult”) OR
(elder) OR (olders) OR (seniors) OR (aged) OR (“aged, 80 and over”) OR ( “frail elder-
ly”)) AND ((pictograms) OR (picture) OR (pictograph) OR (pictorial)) AND ((( “med-
ication adherence”) OR (“medication compliance”) OR (“patient compliance”) OR
(“patient compliance”)) OR ((“medication therapy management”) OR (“drug ther-
apy management”) OR (“medication self-administration”) OR (“medication taking”)
OR (“medication competence”) OR (“medication self-management”)) OR (“patient
medication knowledge”))).

The selection criteria were pre-defined according to the study objective.

Inclusion Criteria

— Phenomenon of interest: use of pictograms to support medication management.

Type of studies: primary studies (experimental or observational).

— Type of participants: elderly population (individuals aged 60 or over in developing
countries and individuals aged 65 or over in developed countries).

— Type of results: identification and characterization of pictograms, their impact in terms
of therapeutic adherence and main difficulties identified.

Exclusion Criteria
Studies in which at least one of the following criteria was verified were excluded.

1. Phenomenon of interest: studies whose title is not entirely related to the phenomenon
of interest.

2. Language: publications in a language other than Portuguese, English or Spanish.

3. Type of participants: studies that do not include the elderly population (as previously
defined).

4. Type of studies: secondary studies.

All search records/studies were exported to Microsoft Office™ Excel and Mendeley
Desktop®. The screening process using the pre-defined selection criteria was performed
separately by two reviewers. Any disagreements regarding the eligibility of studies were
reconciled at the final step by consensus.

Additionally, a forward tracking references was performed to retrieve additional
relevant studies.
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3 Presentation and Discussion of Results

Our search obtained 132 records, without duplicates. A total of 102 studies were excluded
based on their title or abstract, while 20 studies were excluded upon full-text review.
By forward tracking references, 4 additional studies were included. At the end, fourteen
studies that met the pre-defined inclusion criteria were included in the review [ 10, 14-26].

The study selection flowchart is presented below (Fig. 1), identifying the different
screening stages, as well as the results obtained in each phase. The reasons for exclusion
of the records are identified accorded the numerical identification previously presented
in the method section.

Search Query

Pubmed
Total records (n=132)

Records excluded (n=102)
1.98
2.2
3.2

| Records screened by title/abstract (n=132) |

Records screened by abstract/full-text (n=30) |

Records excluded (n=16)
| 1.9

| Potentially eligible studies (n=14) 3.7

Records excluded (n=4)
3.4

Pre-included studies (n=10)

Forward Tracking
References (n=4)

Included studies
(n=14)

Fig. 1. PRISMA flowchart

Regarding geographic location, seven studies were conducted in United States of
America (USA), three in Canada, two in South Africa, one in Japan and one in United
Kingdom (UK), all published between 2001 and 2019.

Selected records were analyzed and the elements about publication, namely author-
ship, year, country and objective are presented in Table 1. Regarding the methodology
and content, the study design, sample, and results are presented in Table 2.
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Table 1. Description of study publications included in the systematic literature review

Authors Objective

(Year)

Country

Berthenet et al. To evaluate and validate a set of pictograms depicting medication
(2016) instructions for use among the elderly to support health literacy.

Canada [14]

Improve pictogram by redesigning them based on participant’s
feedback

Dowse & Ehlers
(2001)
South Africa [15]

To evaluate and compare pharmaceutical pictograms developed
locally and culturally adapted, with pictograms from USP (1991
edition), in a black population with low literacy. Investigate the
effectiveness of these pictograms in a simulation recall of medical
instructions

Dowse & Ehlers
(2005)
South Africa [10]

To determine the influence of medicine labels incorporating
pictograms on the understanding of instructions and on adherence
Design labels with pictograms for selected drugs and compare their
understanding with conventional labels (text only) and assess the
influence of pictographic labels on therapeutic adherence in patients
with low literacy

Fukuda et al. To determine the usefulness and effects of a pictogram for alerting
(2019) patients about drugs that affect driving to prevent traffic injury and
Japan [16] maintain good adherence

Gazmararian et al. To evaluate a 3-part intervention (automated telephone reminder
(2010) calls to refill prescriptions, picture prescription card, and clear health
USA [17] communication training for pharmacists) intended to increase refill

adherence

Hawkins & Firek

To evaluate the efficacy of a pictorial medication sheet to improve

(2014) adherence in veterans with heart failure and cognitive impairment
USA [18] and describe the acceptance of the intervention

Kim et al. To test the effectiveness of the health pictograms created based on
(2016) United States Pharmacopeia’s (USP) pictogram composite rule. Test
Canada [19] its understanding on senior volunteers

Leong et al. To determine if pictograms improved patients’ ability to correctly fill
(2017) a pillbox

USA [20]

Poureslami et al. (2012)
USA [21]

To explore the effectiveness of different formats of culturally relevant
information and its impact on asthma patient’s self-management
within the Punjabi, Mandarin, and Cantonese communities

Cordasco et al.
(2009)
USA [22]

To improve medication adherence in cardiac patients, in partnership
with a safety-net provider, this research team developed and
evaluated a low-literacy medication education tool

(continued)
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Table 1. (continued)

Authors Objective

(Year)

Country

Schillinger et al. To assess concordance between patient and clinician reports of
(2005) patient warfarin regimens

USA [23]

Kripalani er al.
(2007)
USA [24]

To develop, implement and pre-evaluate an illustrated medication
schedule (“pill-card”) that indicates daily medication using icons and
images of pills

Kripalani et al.
(2012)

To test the effect of two interventions on medication adherence in a
low literacy sample

USA [25]
Knapp et al. To compare the understanding of two sets of pictograms related to
(2005) instructions or warnings (from USP and South Africa) in adults in

UK [26] the United Kingdom; and to assess 1) the interpretation of USP
pictograms among the elderly, 2) the effect of the size of the
pictogram on interpretation, and 3) any change in the rate of
interpretation in the repetition of the presentation after explaining the
correct meaning in the first presentation

Most of the selected studies [10, 16, 17, 19, 20, 22-26], evaluated the usefulness of
pictograms as a tool to support medication management, in order to improve therapeutic
outcomes.

Some of the studies included in this review, although not involving only a sample
made up of elderly patients, verified the influence of age on the interpretation of pic-
tograms. In the study developed by Dowse & Ehlers (2005) [10], the age of the sample
was not considered as a variable in understanding the meaning of pictograms. How-
ever, since the study involves a population with limited reading skills, in a society with
different cultural contexts, the results present a positive influence of pictograms on med-
ication management and adherence. This factor, especially associated with medication
management, has been described in other studies, such as Advinha et al. (2016, 2018)
[27, 28]. The authors further demonstrate that pictograms should rarely be the only
source of communication, since they do not convey the level of detail necessary for the
proper understanding of pharmaceutical information, showing that they are an effective
aid to understanding and remembering, if combined with text, demonstrating the need
for contextualization (previous explanation of the meaning), as mentioned in the studies
by Kripalani et al. [24, 25].

Studies using pill-card or medication sheet interventions with pictograms have shown
the importance of this tools for medication-related information flow between different
languages and cultures, since pictograms can be more easily understood than the tra-
ditional medication labels. However, the authors do not neglect the importance of a
previous evaluation of the images, to ensure that they are easily interpreted, culturally
appropriate and that they must be accompanied by an explanation [18, 24, 25]. In fact,
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the combination between the illustration and a textual caption, is also found in studies
developed by multidisciplinary teams constituted by pharmaceutical and design experts
[6, 29].

Berthenet et al. (2016) [14] in their study on the use of 76 pictograms from Inter-
national Pharmaceutical Federation (FIP) in the elderly population, suggest that they
should be validated in seniors, even though they have already been validated in young
populations, as referred also by Kim ez al. (2016) [19], where the authors emphasize the
importance of taking age and health literacy into account when validating and applying
pictograms.

Both studies by Dowse & Ehlers (2001, 2005) [10, 15] were carried out in South
Africa, a multicultural and polyglot society, with eleven official languages. The first
study revealed that the patient’s literacy has a great influence on the ability to under-
stand the pictograms and highlighted the importance of a follow-up in testing phase,
namely if the results related to comprehension were significantly better after a sec-
ond interview [15]. In the second study, comprehension and adherence was assessed
using text-only (control) or text with pictogram (experimental) labels for antibiotics
[10]. Understanding was measured through interviews and adherence was assessed by
counting pills, three to five days after enrollment. The use of pictograms has proved to
be particularly helpful for transmitting medication schedule and additional instructions
(e.g., to take the medicine before meal, the importance of taking the complete antibiotic
pack). In addition, medication adherence was greater in the group that used the support
of pictograms.

The study by Fukuda et al. (2019) [16] investigated the possibility that the use of
existing pictograms in Japan may have different effects on patients’ medication-taking
behavior, specifically assessing the extent to which a pictogram with a warning message
can change patients’ behavior. The results obtained suggest that, especially in the elderly
population, the addition of this type of pictograms has shown the potential to promote
safe behaviors and at the same time promote the medication adherence.

Gazmararian et al. (2010) [17] implemented an intervention with three components:
1) telephone call reminders to replace medication; 2) personalized pictographic prescrip-
tion with the appearance, indication, daily dosage for each medication; and 3) training
sessions for pharmacists on the principles of health communication, as well as on the use
of pictographic prescriptions as a counseling tool. About 80 to 90% of the participants
stated that this tool, together with the telephone call reminder, helped them to remember
their medication and prescriptions refill.

In their study, Hawkins & Firek (2014) [18] obtained two important conclusions:
1) the medication sheet with pictograms improved adherence, and 2) the intervention
was positively received as a tool for improving adherence and that it makes therapeutic
reconciliation easier, although in general adherence to medication was low. Regarding
the use of medication sheets with pictograms, 74% considered the intervention to be a
great help in medication management, with 90% considering it as an especially useful
tool for newly diagnosed patients. Participants also report that this tool allowed other
caregivers, namely from family, to help them in pillbox refill without fear of failure.

Kim et al. (2016) [19] designed a set of seven new pictograms and tested their under-
standing on senior volunteers at a wellness center. The results showed that compared
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to the USP pictograms, the new pictograms have lower rates of correct interpretation,
namely due to 1) misinterpretation of the main action represented 2) ignoring conditional
information, and 3) making an incorrect semantic association between the main infor-
mation and the conditional information. This study reported important considerations
about health pictograms design.

In the pilot study by Leong et al. (2017) [20] although the use of pictograms did
not significantly improve the participants’ ability to correctly refill a pillbox, 77% of
the participants indicated that the pictograms helped them to understand the medication
instructions, and 67% gave preference to pictograms. About 93% agreed that pictograms
should be used on all drug labels.

The results obtained by Cordasco et al. (2009) [22], reported that the pictograms
increased patient knowledge about his medication and seemed to improve adherence, as
well as the clinical accuracy.

In the study by Schillinger er al. (2005) [23] the researchers assessed the agree-
ment between reports of long-term warfarin users, with the physician’s reports, in which
patients were asked to: 1) verbalize their prescribed weekly warfarin regimen, and 2)
identify that same regimen from a digitalized color menu of warfarin pills. Approxi-
mately 50% of patients achieved verbal agreement with the medical report, while 66%
obtained visual concordance with the weekly warfarin regimen reported by the doctor
(p < 0.001). When patients changed the reporting of their regimen from verbal to visual,
there was a greater patient-physician concordance in all subgroups. This improvement
appeared to be greater in patients with communication barriers. The use of visual aid
elements has been shown to be effective in improving the accuracy of these reports and,
consequently, improving agreement between doctor and patient over time, particularly
in older patients.

In Poureslami et al. (2012) [21], it was found that the technique of using inhalers in
patients with asthma improved significantly in intervention groups in which instructions
were given in the form of educational videos or in pictographic pamphlets. In this study,
it was also shown that younger individuals with higher levels of education demonstrated
a more significant improvement in knowledge about asthma, compared to older partici-
pants with a lower level of education. These findings suggest that the interaction between
age, education level, gender and knowledge may influence the correct use of the inhaler
in controlling asthma, suggesting the realization of new studies that explore the role of
aging and cognitive decline in the learning styles of different ethnic-cultural groups.

In Kripalani’s study (2007) [24] an illustrated pill-card was developed as an inter-
vention for a randomized controlled trial — Improving Medication Adherence through
Graphically Enhanced Interventions in Coronary Heart Disease (IMAGE-CHD) [25]
between 2004-2005. At initial presentation, a pharmacist explained the pill-card and
performed a pharmacotherapeutic review, according the illustrated regimen. Further-
more, the card contained also the information about important side effects and other
special instructions for administration (e.g., taking with food, take at bedtime). After
three months of intervention, a follow-up was carried out, providing information about
the effectiveness. The patient’s responses varying especially with literacy level. More
than 80% of patients (n = 173) reported the frequent use of the pill-card. About 40%
reported using it every day, and more and 25.8% used it at least once a week. The use
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of the pill-card was greater among patients with lower literacy and/or cognitive impair-
ment. Regarding the IMAGE-CHD, there were no statistically significant improvements
regarding adherence.

Finally, the study by Knapp et al. (2005) [26] suggests that some existing pictograms
are not correctly interpreted, and they should be carefully applied in practice. The size of
the pictogram had a significant effect on interpretation by elders, and in this population,
it could be beneficial to use of life-size versions to transmit information.

In several studies, elderly participants considered the pictograms to be useful in
medication management [16-18, 20, 21, 24] and in improving adherence [10, 16, 18,
22,24]. In addition, they can constitute an efficient tool in overcoming language barriers
[23]. However, numerous studies have considered that the use of these auxiliaries must
be taken care of and implies their validation since sociodemographic factors such as
age, level education and health literacy influence the understanding of the pictograms
[10, 14, 15, 19, 21, 24-26], being mentioned that they must be applied together with
text, contextualized [15, 20] and must be previously explained to patients by the health
professional who accompanies them (doctor, nurse or pharmacist) [15, 16, 21, 26].

4 Conclusion

Globally, the founded studies were heterogeneous with regard to the study design, popu-
lation size and types of results, facts that are limitations to this review but, in general, the
interventions showed positive results promoting greater patient adherence to treatment
and controlling problems related to the incorrect use of medication.

However, as many types of pictograms still produce low levels of comprehension, the
specific results reinforce the need to use evaluated, adapted and validated country-specific
pharmaceutical pictograms, among each age group and setting.

This systematic literature review represents the first step that needs to be done for
testing pictograms in the Portuguese elderly population, namely the one that attends
to community pharmacies. The second step will be the prior training through patient
counseling on the intended meaning.

Finally, in a world of constant technological advances, it is essential to test the use
of these pictograms in mobile applications or digital devices to assist elderly patients in
medication management, aiming to improve adherence and consequently positive health
outcomes. Mobile applications play an important role in mHealth, as they allow users
to access information quickly, at the touch of a finger, even in the elderly population, as
already broadly demonstrated.
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Abstract. Background: Aging is a current concern of societies. The changes
that it requires, not only from the health teams as their management, inspired this
article across the elucidation of socialization effect on the aging process. New
technologies are fundamental, but they do not replace the human relationship.

Methods: systematic literature review. The descriptors “healthy aging” AND
“socialization or interpersonal relations”” AND “geriatrics or older adults or elder-
ly” were searched between December 3 to 4, of 2019, on the EBSCO and B-on
platforms. Article selection performed according to criteria predefined: sample
older than 60 years; an object of study related to the research question; ten-year
time limit; and Portuguese and English languages.

Results: Article analysis comprised 9 out of 73 articles. Social interactions
with family, friends, peers, and community influences successful and healthy aging
in the elderly population. The level of well-being, optimistic spirit, development of
physical activity, maintenance of independence, and cognitive function are factors
that also affect this aging process.

Conclusions: It would be enriching to reach a consensual definition regarding
active aging in the literature. The use of new technologies, such as video calls, are
an important tool in social relationships, when close contact is not possible.

Keywords: Aging - Elderly - Socialization - Interpersonal relations

1 Introduction

The aging of the population is nowadays considered an emerging social problem in
many countries. Data from the United Nations (UN) predicts a 46% increase in the
world population over 60 years of age, up to 2030. This growth will occur at a higher
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rate in developing countries, which may represent one of the most important social
transformations. Portugal is in the 4" place of European Union countries with the highest
percentage of seniors [1].

The increase in average life expectancy and the decrease in birth rates are associated
with Portugal’s condition. Together, these aspects encourage reflection on the profound
transformations and consequent impact on people’s lives. On this account, begins the
pursuit of more appropriate responses and strategies for this new reality.

According to data from PORDATA (2015, cited in Servico Nacional de Satde (SNS),
2017), the aging rate in Portugal suffered a tremendous increase from 27.5% in 1961
to 143.9% in 2015. A considerable impact on society can be noted consequently, which
requires adaptations and solutions at different levels, particularly regarding support
systems, such as health, social security, education, justice, and transport systems.

The Portuguese case is not insulated, going along with other European countries.
Contemporary society experiences one of the most striking phenomena: the demographic
revolution characterized by the lower number of births and the magnification in longevity.
Hereupon, a comprehensive set of factors are associated, not merely related to health but
also highlighting better education, access to employment, income, and social security
[2].

The Portuguese Nacional Statistic Institute — Instituto Nacional de Estatistica (INE)
— points to the further aging of the population. Demonstrated through the data, one out
of three residents will be elderly by 2050. Thus, Portugal will occupy the third place as
the country with the most elderly population in the world, right after Japan and Spain
[3].

As previously known, the third objective outline in the Health and Well-being area
of the UN Plan of Action for Sustainable Development aims to ensure a healthy life
and promote well-being for all, throughout all ages. The World Health Organization
(WHO) transmits several recommendations regarding changes in current health policies
and service delivery to aged populations. Adding to this, WHO reinforces the importance
of healthy aging, emphasizing the influence of life choices and individual trajectories in
aging, which contribute to personal health and well-being [4].

Concerning active and healthy aging, Portugal is committed to the WHO Strategy and
Global Action Plan for Healthy Aging, besides the fundamental values and objectives
of the European Union (EU). Collectively, these directives support the promotion of
active aging, which is observable in initiatives such as the EU Proposals for Action
to promote Active and Healthy Aging and Solidarity between Generations (Decision
No. 940/2011/U, of the European Parliament and of the Council, of September 14).
This document points out the importance of technological evolution in monitoring the
aging of the population, since it can provide an opportunity for optimizing the functional
capacity of elderly, along with their well-being [5].
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Active and healthy aging defines itself as the process of optimizing not only oppor-
tunities for health, social involvement, and safety, but also the development and main-
tenance of functional capacity to improve the quality of life as people age. Thereby
this contributes to the well-being of the elderly, considering functional capacity as the
result of the interaction of the person’s intrinsic capacities (physical and mental) with
the environment. The promotion of active aging requires a multidimensional approach
in the light of accountability and permanent support among all generations [4, 5].

A way to overcome the challenges related to longevity and aging of the population
has been associated with active and healthy aging promotion throughout the life cycle
[5].

The term “active” refers to continuous participation in social, economic, cultural,
spiritual, and civic life. In other words, it goes heavily beyond the concept of being
physically and professionally active.

Although health conditions are decisive in active aging, its promotion is not restricted
to the practice of healthy behaviours. On the contrary, is crucial to consider environmen-
tal and personal factors, such as economic, social and cultural determinants, physical
environment, health system, sex, and other determinants [5].

The main goal is well-being, a holistic concept that includes all the elements and
components of life with high value to the person. Consequently, further than success
and individual motivation achievements, healthy aging reflects life habits, support and
opportunities based on society’s effort to maintain the functionality of the elderly and to
allow them experience what they worship [5].

Additionally, active and healthy aging can also suffice as an economic enhancer
through the dynamism of entrepreneurship, co-creation, and co-development. Likewise,
it is possible to generate added value through a positive impact for elderlies’ life quality.
It includes aspects such as greater satisfaction of health professionals and caregivers,
better family members and other informal caregivers’ overall life and financial security
quality, along with higher efficiency and increased productivity of health and social
security systems [5].

Currently, we are witnessing a new paradigm on aging, with an anticipation of
a significant increase in average life expectancy worldwide. From this standpoint, it
would possibly result in profound changes in the current way of facing this stage of
development. Nowadays, do not only want people to live longer, but a lifetime with
more quality, which collectively underlines the importance of active aging.

This reality is accompanied by the integration of new technologies, enhancing novel
lifestyles. In contradiction to a significant increase in chronic and degenerative dis-
eases, society adopts new habits of sport and healthy eating practices, which promotes
socialization among people who forward-looking for an extended and higher quality
life.
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Socialization is fundamental in all life stages. However, it has an outstanding impor-
tance when reaching old age, especially to allow autonomy, life experience value, and
to motivate for quality and well-being.

The reflection on this reality led us to the central question that guides our research:
Impact of socialization on active aging in the geriatric population.

According to the method for elaborating the research question recommended by the
Joana Briggs Institute (Population, Intervention, Comparison and Outcomes (PICO)),
was first identified: the study population (geriatric population), the intervention (social-
ization), and results (active aging), leading to the research’s question: “What is the impact
of socialization on active aging in the geriatric population?” [6].

As a common concern for this study researchers, we consider essential the study
of socialization effects on the active aging of the geriatric population. However, given
the time limit, it was necessary to focus on the study’s question, prioritizing socializa-
tion/interpersonal relationships in this current theme that we would like to deepen. After
reading some articles the researchers found that this social component is less studied,
returning more evidence about the cognitive and physical dimensions. Accordingly, this
study aims to map the existing knowledge produced in the scientific evidence concerning
this social component in active aging and apply this knowledge in the practice of the
researchers.

This question corresponds to an attempt to obtain answers that meet this current
problem, embarking on a systematic review of the literature as the most suitable method
in the current academic context.

The research development in accordance to achieve the following objectives: Analyse
the importance of a worldwide aged population effect; Reflect on the need for active aging
in the geriatric population; Investigate the impact of socialization on active aging in the
geriatric population.

Most of the authors perform functions in the health team management area, and in
their professional performance, are confronted with the issue of population aging. For
this reason, they consider it an asset to carry out this research since the results obtained
may be disseminated by the health professionals of the teams they manage. These actions
promote projects and intervention strategies for the population over 60 years old, which
provide more quality of life in this phase.

2 Methods

The applied methodology was a systematic literature review. The selection of articles
and data extraction throughout the research process was implemented by at least two of
the authors of the present review to reduce the error chance.
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The research was performed from December 3 to 4, of 2019. The descriptors “healthy
aging” AND “socialization or interpersonal relations” AND “geriatrics or older adults
or elderly” were searched on the EBSCO platforms (databases CINAHL and SPORTD
data) and B-on.

The selection of healthy aging descriptor had into account health descriptors and
the lack of one option for active aging. This term is defined by “Development and
maintenance of well-being and ideal physical, mental, spiritual, and social functions
with the advancement of age.” (http://decs.bvs.br/cgi-bin/wxis1660.exe/decsserver/).

Respecting the eligibility criteria for the selection of articles, the following was
determined: sample structure with people over the age of 60, as it seeks to verify the
evidence concerned to the intervention in the geriatric population; studies targeting
socialization and/or interpersonal relationships in active aging; the time limit of the last
ten years, to determine the most recent evidence; and articles written in Portuguese and
English, as they are languages understood by the researchers.

The authors adopted the 60 years of age limit of the participants after no global con-
sensus on the age of onset of the elderly life stage. In Portugal, the legislation establishes
65 years. However, other countries may have 60 years old as the age of the elderly life
stage beginning. Consequently, when applying the Portuguese criterion, crucial scientific
evidence could be ruled out.

It is worth mentioning that the studied articles referring to diverse concepts such as
successful and healthy aging are also related to well-being in the elderly. The researchers
took into consideration the existence of yesilarity and shared matter, whereby analysed
in the review.

3 Results

The search resulted in a total of 73 articles — 31 from the EBSCO platform and 42 from
B-on. After the removal of duplicates, 69 remained for analysis. Initially, their titles were
read, which led to excluding articles that did not address the subject under study. By
reading the summary, those with unfulfilled requirements regarding the language, study
subject, and age of the target population, as well as the paid access factor, resulted in
dismissing. Finally, the selection of articles took place through full reading. It is note-
worthy that the selection process occurred in parallel with the validation of at least two
of the researchers independently. At the end of this screening, 9 articles were ultimately
chosen for review (Fig. 1).

Of the studies included, two of them took place in China [7, 8], another two in the
USA [9, 10], one in Singapore [11], followed by one in Thailand [12], one in Japan
[13], one in Canada [14], and finally, one in South Korea [15]. After article selection, the
study’s relevant information was systematically retrieved, which is available in Fig. 1.
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Reference Sample Evaluated Objective Results Conclusion
dimensions

Junling Gao, Scott R. | 2719 people with Dimension: Examine the After controlling for | The creation of

Weaver, Hua Fu, more than 60 years subjective relationship between | each covariate, social | aesthetic and

Yingnan Jia, Jiang Li | of age well-being the social and cohesion at the cohesive

2017 [7)

Evaluated variables:

gender, age, marital
status, education,
years living in the
neighbourhood,
health condition,
chronic diseases,
and leisure and
physical activity

physical components
in a neighbourhood
using the subjective
well-being (SWB)
assessment scale

individual level and
social interaction
positively correlate
with the SWB.
Aesthetic quality at
the individual and
neighbourhood level
also shows a positive
correlation with the
SWB

neighbourhoods can
encourage elderly
Chinese people to
take part in social
activities, promoting
their SWB

Lee etal., 2017 [9]

550 elderly over 65
years of age

Dimension:
successful aging.
Variables:
socio-demographic

Develop a brief
multidimensional
questionnaire to
assess successful

Proactivity,
well-being, a positive
spirit, and established
relationships

It is important that
successful aging
models include social
relationships and

(gender, age, etnia, | aging (SA), evaluate | influence successful | proactive
health perception, its psychometric aging, having been involvement
and education properties and the confirmed in both
level); presence of relationship between | groups. The results
positive symptoms age and the also suggest that the
and depressive dimensions of SA Successful Aging
symptoms, Inventory scale may
satisfaction with be a useful predictor
social life, of successful aging
limitations in
activities of daily
living
Xuetal, 2016 [11] 122 elderly recruited | Variables analysed: | Examine how The results are The findings

from 10 senior
activity centers

social anxiety,
socialization, and
loneliness

“exergaming”
influences social
anxiety, socialization,
and loneliness in the
elderly. Additionally,
analyse different
effects of exergaming
by different types of
games and in
different age cohorts

inherent in a
significant effect on
the psychosocial
well-being of the
elderly. Sociability
has improved to
complement the
elderly participants
who played with their
peers. Despite some
disyesilarities found
between the different
types of games or age
groups, a decrease in
loneliness after the
exergame play is
perceptible

contributed to the
research on active
aging and how to
promote social
interaction among the
elderly

Li e Zhang, 2015 [8]

4190 people from
China’s Longitudinal
Longevity Study

Socio-demographic
variables: Age,
gender, residence,
household,
education,
employment before
retirement, financial
support, smoking,
relationship with
alcohol; Daily life
activities;
Instrumental life
activities; Cognitive
function

To verify the impacts
of social networks on
the health of the
older population
(physical, cognitive,
psychological, and
general), and the
relationship between
the health of the
elderly population
and the type of social
network chosen

The results
demonstrate that
there is an
association between
the types of networks
(diverse, friends,
family, and
restricted) and health
(physical, cognitive,
psychological, and
well-being). The
diverse social
network benefits the
health of its users

Social interaction
improvement in the
elderly can reduce
the vicious circle
between social
isolation and poor
health conditions

(continued)
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Reference Sample Evaluated Objective Results Conclusion
dimensions
Friedman et al., 2019 | 217 Individuals aged | Dimension: Evaluate the “Lighten | Participants reported | The program has
[10] 60 or over from three | Eudemonic Up!” program as a an increase in positive effects to
different well-being. promoter of eudaimonic improve well-being
communities Variables: Mental eudaimonic well-being, and there | in the elderly who
health measures well-being is a maintenance of live in various
(hedonic and these changes for 6 community settings
eudaimonic months.
well-being, Additionally, they
depression, anxiety, showed a significant
and loneliness) and decline in depressive
physical health symptoms, anxiety,
(sleep, somatic and hostility
symptoms)
Thanakwang, & 469 Thai seniors Dimension: Healthy | Examine Family networks do | Intervention

Soonthorndhada,
2015 [12]

from Nan province

aging.

Variables: Physical
functioning,
cognitive
functioning, active
involvement with
life and positive
spirituality and
religiosity

relationships between
family, friendship
network and support,
health-promoting
behaviour, and
healthy aging

not directly influence
health-promoting
behaviours but work
as indirect support.
Friendship networks
have a direct effect
on health promotion.
Health promotion
behaviours had a
powerful influence
on healthy aging,
especially playing a
significant role in
mediating family
relationships,
supporting
friendship, and
healthy aging

programs should be
designed to include a
collaborative
approach involving
family and friends

Tanaka e Johnson,
2010 [13]

Study in Japan:
Japanese aged 65 or
over divided into two
phases, the first with
4997 people and the
second with 4044.
Study in the USA:
2200 people over 60
years old

Dimension: Healthy
aging.

Variables: Social
integration, physical
disability,
psychological
health, gender, age,
education, and
pension value

Relationships
between gender and
the rural environment
can have cultural
effects on healthy
aging

The results show that
social interaction
decreases the
likelihood of
depression and
physical disability.
Also, living in a
house where there is
more than one
generation reduces
symptoms of
depression. Older
men are less likely to
have symptoms of
depression than
women. Elderly
people living in rural
areas are more likely
to be physically
disabled due to daily
tasks, but less likely
to experience
depressive symptoms

If mental health is
more important than
physical health in
increasing life
expectancy, older
people living in rural
areas have a greater
expectancy of
surviving, as occurs
in the USA

(continued)
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(continued)
Reference Sample Evaluated Objective Results Conclusion
dimensions
Bacsu et al., 2014 40 rural seniors over | Dimension: Healthy | Describe the meaning | The results agree Policymakers and

[14]

65

active aging in rural
areas.

Variables: Social
integration, physical
activity,
independence,
mental vision,
optimism, and
cognitive health

of healthy rural aging
and which factors
influence it

with research on
culture’s importance
and the need to
address perceptions
of healthy aging
among different
populations

researchers must
develop more
effective
interventions to
support healthy rural
aging, considering
their knowledge,
experiences, and
understandings of
rural older people

Chaetal., 2012 [15] | 350 Korean elderly Dimension Examine and identify | The results showed Self-esteem is a
people aged 60 and assessed: the factors that that the factor that major predictor of
over Successful aging. influence the degree | most influenced successful aging

Variables: of successful aging successful aging was | among Korean
Self-esteem, among older Korean | self-esteem, followed | elderly people. Thus,
competence, aging | adults by self-realization, health professionals
scale, self-efficacy interpersonal must promote a sense
scale, interpersonal relationships, and of self-esteem and
relationship scale, self-efficacy achieve greater

the instrument of adaptability to aging
self-realization, and

instrument of

success

Referéncia Q1 |Q2 |Q3 |Q4 Q5 |Q6 |Q7 |08 |Q9 |QI0 |Checklist

Junling Gao, Yes Yes | Yes | Yes | Yes | No Yes Yes Yes | — Transversal

Scott R. Weaver, analytic

Hua Fu, Yingnan

Jia, Jiang Li

Jeong Eun Lee, | Yes Yes | Yes | Yes | No |No Yes Yes - - Transversal

Boaz Kahana, analytic

Eva Kahana

Xuexin Xu, yes No |No |Yes |Yes | Yes Yes Yes N/A | - Quasi

Jinhui Li, Tan experimental

Phat Pham,

Charles T.

Salmon,

Yen-Leng Theng

Ting Li, Yanlong | Yes |No |No |Yes |Yes |No No Yes | N/A |- Transversal

Zhang analytic

EM Friedman, Yes Yes | Yes |No |Yes | No Yes Yes Yes | — Quasi

C. Ruini, CR experimental

Foy MS, L.

Jaros, G. Love,

& CD Ryff

Kattika Yes Yes | Yes |Yes |[No |N/A | Yes Yes |- - Transversal

Thanakwang, & analytic

Kusol

Soonthorndhada,

Kimiko Tanaka e | Yes Yes | Yes | Yes | Yes | Yes N/A | Yes |- - Transversal

Nan E. Johnson analytic

(continued)
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(continued)
Referéncia Ql Q2 |Q3 |Q4 |Q5 |Q6 Q7 Q8 Q9 | QI0 | Check list

Juanita Bacsu, Yes Yes | Yes | Yes | Yes | Pouco | Pouco | Yes Yes | Yes Qualitative
Bonnie Jeffery, claro | claro research
Sylvia Abonyi,
Shanti Johnson,
Nuelle Novik,
Diane Martz e
Sarah Oosman,

Nam Hyun Cha, | Yes Yes | Yes | Yes | No | No Yes Yes - - Transversal
EunJu Seo e analytic
Sohyune R Sok

Y% 100% | 78% | 78% | 89% | 67% | 22% |67% | 100% | 60% | 100%

4 Discussion

In the subject “What is the impact of socialization on active aging in the geriatric popu-
lation?” two fundamental concepts arise - active aging and socialization. However, it is
not possible to find a clear definition of active aging, exhibited with yesilar notions, such
as successful aging and healthy aging. Socialization appears in our research, combined
with other concepts such as social relationships and social interaction.

The concept of successful aging does not have a consensus in the literature, given
its subjectivity [9]. It varies from person to person, as well as its influencing conditions.
Some authors define it as adding life to the years, rather than adding years to life, embrac-
ing the person’s satisfaction with their present and past life. In the quantitative study
performed, a multidimensional survey was used to assess successful aging, in which
the authors concluded that this concept is also multidimensional, influenced by some
variables associated with health and the psychological, behavioural, and social domains
[9]. On the other hand, from the perspective of the participants who answered the sur-
vey, successful aging is influenced by well-being (physical health, cognitive functioning,
and independence), positive spirit and the relationships established. This study provides
preliminary contributions to the development of a successful aging inventory. Even so,
in the opinion of the authors further studies are needed, namely of a longitudinal type,
which allow generalizing the results achieved [9].

Rowe and Khan (1987, cited in Cha, Seo and Sok, 2012, p. 3) [15] define successful
aging as the way an older adult, and the people around him, achieve maximum physical,
mental and emotional satisfaction, demonstrating an active potential in each of these
areas. For successful aging, the person must not have any disability or disease [15]. This
definition is a little more comprehensive than the previous description since it includes
people who relate to the elderly. Moreover, they are incisive regarding the physical and
health conditions of the elderly, when stating that these conditions cannot be affected.

The factors that influence successful aging/healthy aging are targets of study, and
in this review, were found three studies that demonstrate which components can influ-
ence successful aging and healthy aging. In the first study [15], authors evidence that
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self-esteem, self-realization, interpersonal relationships, and self-efficacy are predic-
tors related to successful aging. At the same time, the second study [14] highlights
social interaction, physical activity, independence, optimism, and cognitive health as
factors to consider. On the other hand, another study [11] presents an investigation about
exergaming (interactive game combined with physical activity), where it became clear
that well-being and socialization are highly related to healthy aging.

Chaetal. (2012) applied surveys to elderly South Koreans concluding that successful
aging can be explained through the variables: self-esteem, self-realization, interpersonal
relationships, and self-efficacy. The main predictor of successful aging is considered self-
esteem, with strong bonds to life satisfaction. For the elderly to see themselves positively,
they must focus on their strengths and not their weaknesses, as well as psychologically
adapt to situations and optimally perform all social and family functions. Self-realization
is the second predictor of active aging influence. This allows older people to have con-
fidence in their performance, improving their psychological well-being. The desire for
self-realization impels the elderly to demonstrate their abilities, thus reaching a higher
level of psychological well-being and satisfaction with life. Interpersonal relationships
are the third leading predictor that influences the well-being of the elderly. Self-efficacy
reveals that the elderly believe they can still achieve their goals, allowing themselves to
better manage the crises they may experience. The authors’ concern with the well-being
and satisfaction of the elderly is perceptible, relating these feelings to successful aging
[15].

Another study [14] identified five areas related to healthy aging: social interaction,
physical activity, independence, optimism, and cognitive health, through reports from
people over 65 years of age. Elderly identify their circle of friends, neighbours, and
family members as social interaction, valuing the relationship with their peers through
experiences sharing. The elderly would like to establish connections with younger peo-
ple, although their difficulties in initiating this interaction. Relationships established with
family members are an essential factor in healthy aging. Social interaction is facilitated
by technology, the telephone, and the internet, which are vital to maintaining contact
between people. At the same time, they identify mobility as a significant element in
social interaction. There must be adequate infrastructures for the elderly, such as ramps
and with appropriate ambient conditions. Physical activity is noted as relevant to active
aging. Participants identified the elderly center and churches as promoters of physical
activity, underlining the need to try keeping themselves busy and involved in the com-
munity. Independence description referred to the ability to make their own decisions, to
have self-sufficiency and freedom over their life. Interviewees further state that optimism
is essential to allow and achieve healthy aging. It is necessary to have a positive outlook
to accept the aging process. The spouse’s lack of health and his are aspects that can
impair this positive outlook. Additionally, they affirm that it is important to have care
services, access to information about available services, and support to mental health to
maintain a positive mind. Respecting cognitive health, respondents showed concern and
anxiety regarding the cognitive decline and its impact on active aging. Thus, they fear
losing the ability to meet their needs and take care of themselves. The authors alert to
the study limitation that the elderly who live in nursing homes and those who have cog-
nitive impairment have not representation. In this study, we can see that seniors heavily
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emphasize mobility and its importance in maintaining their independence and activity.
Mental health is also not neglected, and they report the importance of maintaining a
healthy and positive mind. Social interaction makes it possible to combat loneliness,
remaining active, allowing seeking healthy aging [14].

For other authors, promoting social interaction and improving psychosocial well-
being are components of healthy aging. Therefore, they studied exergaming to social
interaction promotion among the elderly [11]. Exergaming combines physical exercise
and video games, constituting one of the ways to promote healthy and active aging
according to the literature addressed by the authors of the article. The impact on social
anxiety, loneliness, and sociability was then examined using exergame. Another analysis
targets are differences regarding different types of games and different elderly cohorts.
The authors concluded the psychosocial well-being of older adults had improved, with a
decrease in anxiety-related to social interaction, remarkably when the game was played
with others, especially with their peers instead of alone and with young people. By par-
ticipating in games with others, social interaction is encouraged, decreasing loneliness.
As limitations to the study, the authors point out that they mobilized a sample through
convenience, of reduced size, and without random effect in elderly allocation to groups.
Having said this, they could already know their gaming partners, which facilitates social
interaction between them [11].

When comparing these three studies, it is possible to see that they all address the
theme of social interaction as key elements for successful/healthy aging. Chaetal. (2012)
[15] and Xu et al. (2017) [11] demonstrate that physical activity influences healthy aging
and can be used as a tool to avoid loneliness. Besides, the reduction in the risk of diseases
and disabilities occurs with the increase in physical activity [10]. On the other hand, the
concept of well-being is implied in the studies mentioned above [11, 14, 15].

Another of the studies analysed in this review [7], evaluated subjective well-being
in a sample of the Chinese population. This dimension stands out as a key point life
quality, which can be defined as mental well-being and includes all the evaluations and
perceptions, both positive and negative, that the individual has about his life. Subjective
well-being is seen as an indicator of society’s progress and as an objective to be achieved
by health systems. Owing to the need for health care increase with age advancement,
well-being maintenance at an older age has particular importance. The researchers sought
to understand the impact of the physical and social attributes of the community on the
subjective well-being of the Chinese. Research suggests a relationship between these
attributes and the population’s health, which is why they imply more aesthetic and
cohesive neighbourhoods to increase social interaction and social activities promotion,
mobilizing efficient and instrumental resources of the community [7].

The Longitudinal Study analysis upon the Japanese Aging at Nihon University [13],
reports that social interaction decreases physical disability or depression among Japanese
seniors, bearing in mind that an increased number of social roles (intra and extra-family)
lead to a lower chance of disability or depression.

As a tool for studying social relationships, some researchers decided to mobilize
social networks to understand their impact on the health of the elderly.

Social networks are related to social support and can result in health promotion
through behaviours influence, thereby providing healthy aging. One of the studies



214 A. Plexa et al.

[12] measured healthy aging, health-promoting behaviours, family support, support for
friendship, family networks, friendship networks, and the way they correlate. The find-
ings show that the indirect effects of family and friends support in healthy aging are statis-
tically significant. Thus, this type of support works through health promotion behaviours
influencing their promotion, leading to healthy aging. These behaviours allow individ-
uals to increase control over health-determining factors and incite beneficial choices,
having in mind the goal of healthy living. Another result obtained in the study indicates
that the family circle addresses subjects closer linked to specific diseases, such as diet
and medication. At the same time, friends offer more informative and emotional support
to promote behaviours such as physical activity [12].

Other authors [8] assume that social relationships have an impact on the health of
the elderly and have studied this impact in several dimensions: physical, psychological,
social, and general. They also intended to know the effect of the social network type
chosen on the health of the elderly. They concluded that the social network related to
friends has more physical benefits for the elderly than social networks based on family.
Moreover, the results evidence a vicious circle that must have a stop, in which the
deterioration of the physical and psychological health of the elderly leads to increased
social isolation, which limits social networks and results in further health problems [8].

Both studies demonstrate that social networks have a positive impact on the health
of the elderly, constituting themselves as health promoters, either through the network
of friends or family.

Besides, policymakers should further develop recreational centers for older people
to interact with friends in the community and promote group activities [12].

To promote successful aging is necessary to have supporting and productive educa-
tional programs, enabling the elderly to participate actively, applying their skills, and
promoting their well-being along with their self-realization. The adoption of cognitive
development and psychological satisfaction promotion initiatives are possible to develop
in senior centers, as well as alumni associations, and religious gatherings, through social
activities among the elderly. Nurses can include these data in their professional prac-
tice, fostering a positive outlook with a greater degree of adaptability promoted, and
supporting self-esteem development across the elderly [15-18].

5 Conclusion

Through this systematic literature review, it was possible to analyse the impact of social-
ization on active aging. Although the concept of active aging is not a consensus in the
scientific evidence, it took place an analysis of yesilar terms, such as successful aging
and healthy aging. Ultimately, the successful and healthy aging process presents itself
as multidimensional, strongly related to the person’s physical and mental well-being.
This process is influenced by the establishment of interpersonal relationships and social
interaction, as well as through characteristics such as optimism and optimistic spirit,
development of physical activity, maintenance of independence, and cognitive func-
tion. The use of new technologies, such as video calls, are an important tool in social
relationships, when close contact is not possible.
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Technological evolution has introduced new opportunities in order to maximize
functional capacity, stimulate cognitive function and enhance new lifestyles, contributing
to the well-being of people at older ages.

Today, social networks are also a reality present in the lives of these people and
constitute an excellent social support, in addition to bringing them closer and updating
them, they can also influence healthy behaviors.

The implementation of online courses, workshops and even the exergaming that con-
sists of combining physical exercise with video games, are pointed out as methodologies
that promote healthy and active aging.

The results evidenced in the studies analysed in the review cannot be generalized due
to limitations presence. Thus, it is important to carry out studies, namely a longitudinal
type with larger and more representative samples of the population. On the other hand,
studies are scarce regarding the Portuguese on this subject, so its development would be
crucial to confirm the applicability of these conclusions in our population.

As limitations to this review, the researchers point out the time limit of its occurrence.
Additionally, there was not an evaluation of the methodological quality of the studies
analysed, which is also a limitation since it would enrich the evidence synthesized in
this article.

Implications for Clinical Practice

Although the findings of this review cannot be generalized, the knowledge appropriation
presented allows researchers to analyse the measures implemented in the health services
they integrate, including the health care they provide, adjusting them to the needs of the
elderly and their family. We consider important to continue the study of this theme, and
to carry out more studies with samples of the Portuguese population to improve the care
provided to the elderly, thus promoting an active aging in the population we attend daily.
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Abstract. The evolution of health, is defined not only by changes resulting from
behaviors, but mainly by how the person becomes more active in the role they play
for their health, promoting an increase in quality of life and well-being. For this,
it becomes imperative the implementation of norms and strategies that guide the
self-care process of people with Chronic Obstructive Pulmonary Disease. In this
sense, the rehabilitation nurse develops a crucial action, implementing teaching-
learning strategies, planning and executing his interventions, in accordance with
the expectations, preferences and needs of the person with COPD. Objective:
To know the strategies and gains of self-care management of the person with
COPD. Method: Systematic literature review using the PubMED and EBSCO
Host platforms (in the CINAHL Complete, MEDLINE Complete and MedicLatina
databases), conducted between December 2019 and January 2020. The descrip-
tors used (“COPD”) AND (“patient”) AND (‘“self-management”) AND (nursing
care) AND (empowerment). Results: Sample of 6 studies, after exclusion of sev-
eral articles, for not obeying the inclusion criteria and objectives defined. Tele-
rehabilitation is fundamental in the patient’s empowerment process, improving
their quality of life as it allows them to trust and develop a self-management
plan. Conclusions: The results found demonstrate the importance of defining
and applying strategies that promote the self-care management of people with
COPD, defining strategies that target the empowerment and self-management of
their disease as fundamental pillars for reducing hospitalizations, increasing self-
confidence, reducing anxiety and greater self-responsibility in complying with the
management of the therapeutic regimen and thus obtaining more health gains.

Keywords: DPOC - Patient - Self-management - Nursing care - Empowerment

1 Introduction

COPD is a preventable and treatable respiratory disease characterized by persistent
and progressive airway limitation and is associated with an inflammatory response of
the respiratory tree resulting from the inhalation of harmful substances, which may
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evolve into chronic bronchitis, obstructive bronchiolitis and pulmonary emphysema [1].
There are several risk factors that condition the appearance of the pathology, as well
as its exacerbation. The use of tobacco is the main factor, having a smoker 80 to 90%
probability of developing the disease. Air pollution, gender, age, repetitive respiratory
infections and bronchial hyperreactivity are also factors to be taken into account for the
appearance of COPD [2]. In Portugal, according to the National Health Service (NHS)
records, COPD has no less impact compared to the world panorama. In 2017 136 958
cases of this pathology were registered in our country, thus having a high prevalence rate,
being responsible for 19% of deaths and one of the main causes of hospitalization. It is
estimated that in 2020 the number will increase, being worldwide one of the respiratory
diseases that cause the highest number of deaths and with an expected rise to 12 million
deaths worldwide [5]. However, Portugal is the OECD country with the lowest number
of hospitalizations for COPD. These admissions can be avoided based on preventive
measures adopted, use of therapy and follow-up by Primary Health Care, these measures
being an incentive focus based on Health Policies [6]. COPD is a pathology with great
implications at several levels, which compromises the person in his/her well-being and
at the level of self-care, as well as has an incapacitating character in the participation
of social life. In the person with COPD, the progression of the pathology implies the
appearance of physiological deficits such as airflow limitation and hyperinflation, leading
to episodes of dyspnea and in turn to fatigue, intolerance to physical exertion, impairment
in ADL and alteration of physical condition [3]. Therefore, this change in physical
condition, directly related to stress tolerance, accompanies the decrease in the ability to
perform most of the daily activities, thus leaving the person with COPD committed to
the ADL and with a greater degree of vulnerability to the changes that the pathology
conditions [7, 8]. It is therefore necessary that the person with COPD receives support in
order to restructure their entire routine, especially in self-care, reducing the conflict that
the disease itself brings, because it is a cause of change/transition, sometimes drastic,
spontaneous, generating insecurity, stress and instability.

The nurse is a health professional trained to anticipate, evaluate, diagnose and help
the person to deal with these changes [8]. It is up to the nurse to promote the maximum
autonomy and well-being of the person, so that he/she adopts behaviors and holds a
notion of self-meaning in his/her family and social context, being able to accomplish
this “transition”. According to the same author and according to her “Theory of Transi-
tion” this process requires the person to use resources and mechanisms that support the
adaptation to this new status/crisis. This context reinforces the importance of teaching
in the change of behaviors, regarding autonomy and self-determination. It is essential
to monitor and guide in order to enable adaptation to the new reality, ensuring self-care
and independence [9]. In COPD the person suffers this transition, thus having their daily
habits affected, not only by the alteration of its functionality, but also by the limitations
that are felt in basic and instrumental activities. This transition-generating status can
affect more than the self-care of the person with COPD, but it also influences a whole
family dynamic and/or life of the caregiver [4]. In this perspective, the intervention of
the rehabilitation nurse should meet a care approach concordant with a theoretical model
that provides the fundamental basis for the practice of care. Thus, it is imperative to app-
roach the theory of self-care of Dorothea Orem, which advocates the concept of nursing
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care in a relationship between the capabilities of action of the person in the face of the
requirements of self-care. “The promotion of health through educational interventions of
the nurse, which enhances the individual and/or population groups self-care (...) related
to the advancement of chronic conditions of illness and the needs of particular care (...)
as ways of caring for oneself.” [10] (p. 2).

This theory guides the nursing care provision according to the patient’s needs in
relation to his self-care, becoming of great use for a good practice. Since it allows the
elaboration of functional and educational intervention plans, outlining goals together
with the patient, empowering the person and promoting support and education strategies
by providing capabilities and tools to deal with the self-care deficit. The nurse provides
care in order to lead the patient to independence, fostering his or her involvement in his
or her well-being and state of health-disease [9]. Orem’s theory is the basis to reach the
conditions and limitations of the action that the person can reach with the contribution
of nursing, being very important that there is a point of balance between what is really
necessary and what is excess, all this so that the person can achieve self-care [11]. Thus,
the provision of specialized nursing rehabilitation care to the person with COPD should
focus on implementing and evaluating specialized plans for quality of life, training and
promotion for self-care, always based on a reintegration into society and sharing in their
usual habits of life [12]. The nursing intervention is then necessary when the person
has needs greater than the capacities of accomplishment of the self-care, occurring an
alternation in the intervention of the nurse in the compensation (total or partial) or in
the educational intervention. COPD, as a chronic and progressive disease, implies diffi-
culties in the achievement of self-care. The National Program for Respiratory Diseases
aims at maximizing the health gains of people with COPD, with the intervention of
all social sectors in the application of strategies based on citizenship, equity of access
to specialized care and health policies. Also in this context, the DGS has prepared the
“Health Literacy Action Plan” for the triennium 2019-2021, in which it contemplates
an approach throughout the entire life cycle “(...) promoting the informed choices of
citizens” [13] (p.n.p.). This plan emphasizes the importance of developing, defining
and implementing strategies among professionals and populations that aim to achieve
objectives that promote health literacy and thus boost new opportunities to encourage
the adoption of healthy behaviors, with a view to informed self-management and better
health outcomes in the population.

Within the scope of respiratory rehabilitation, there are three important pillars for
rehabilitation of the person with COPD: respiratory functional re-education, airway per-
meability and energy conservation techniques [7]. In functional re-education, it is based
on relaxation techniques, breathing techniques and global exercises that the rehabilita-
tion nurse achieves health gains from the point of view of controlling dyspnea, being the
symptom that brings more disability for the realization of ADL and its independence,
always having the attention to educate the person in order to acquire skills that allow
him/her to be autonomous in a crisis situation. Thus, the rehabilitation nurse should
challenge the person with COPD to be the manager of his health condition [14]. If the
informal person/caregiver demonstrates aptitude for self-management, it will be crucial
to develop strategies based on knowledge and instrumental skills, the result of skills



220 N. Esteves et al.

education, that can contribute to effective management of COPD. These skills associ-
ated with “facilitating awareness of the “changes” in daily life can add confidence and
sustain effective self-care over time”. [14] (p. 38). It is through health education that
rehabilitation nursing is a facilitator in empowering and promoting the autonomy of the
person/family, through the development of capabilities inherent to self-care, acquisition
of behaviors adapted to the health condition and through the provision of information
[6]. This educational aspect enables the person/family to be the self-manager of their
disease and in a certain way enables them to prevent complications.

2 Methodology

In this SLR, the main objective is to know the strategies and gains of self-care man-
agement of the person with COPD and the research question is what are the strategies
and gains of self-care management in the person with COPD. To build it, we followed
the guidelines of the Joanna Briggs Institute (JBI) [15] Based on the PICO method (P -
Participants; I - Intervention; C - Context/Control; O - Outcomes), we selected studies
to be included in this literature review, using the same method to define the inclusion
and exclusion criteria, as follows (Table 1).

Table 1. Definition of criteria for selection of studies

Selection criteria Inclusion criteria

(P) Participants People with COPD in an unhealthy situation

(D) Intervention Strategies to promote self-management in people with COPD

(C) Context COPD without acute exacerbation

(O) Outcomes Gains from promoting self-management in the person with COPD
Keywords COPD; person; self-management; nursing care; empowerment

The following descriptors were selected for the research: MeSH (Medical Sub-
ject Heading), COPD; patient; self-management; nursing care; empowerment, using the
Bolean AND; and, to meet the inclusion criteria, using the Bolean NOT, acute disease.

The electronic database PubMED (US National Library of Medicine and National
Institutes of Health) was searched, and the Discovery Service of the Polytechnic Institute
of Beja was used, based on EBSCO Host and accessing the CINAHL Complete, MED-
LINE Complete and MedicLatina databases, using the keywords above. The research
was limited to the years 2014-2019, peer-reviewed, published in academic journals and
providing access to the full text. The languages of the articles used in the research were
English and Portuguese, the search words were used in English. In total, 280 studies were
found in the databases (PubMed and EBSCOhost), of which, after removal by duplica-
tion of results, there were 171 records for analysis, which was carried out through the
title of the study and whenever the analysis of the abstract was justified. According to the
reading of the titles/summaries presented, 154 records were excluded for revealing little
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interest and/or not presenting thematic criteria that fit the theme of our work, resulting
in 17 studies of interest. After reading and full analysis of the text, 11 articles were
removed because they did not fit the inclusion criteria. In total 6 articles were selected
for detailed analysis and used for systematic literature review. The researches were car-
ried out between December 2019 and January 2020. In a syntactic way, we describe the

methodology through the diagram below:

Prisma Statement
See Fig. 1.
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Fig. 1. Research Methodology Diagram, PRISMA type [16]

3 Results and Discussion

See Tables 2, 3 and 4.
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Table 2. JBI critical appraisal checklist (results)

Article

Checklist
Participatory action research: A strategy for improv-
ing self-care in chronic obstructive
ulmonary disease patients””

Oximetry-supported self-management for chronic
obstructive pulmonary disease: mixed method feasi-
bility pilot project*®
The empowerment of elderly patients with chronic
obstructive pulmonary disease: Managing life with
the disease™
Breathing through a troubled life — a phenomenologi-
cal-hermeneutic study of chronic obstrutive pulmo-
nary disease patients’ livel experiences during the

course of pulmonar rehabilitation®”

Barriers to and factors facilitating empowerment in
elderly with COPD*'

Y Y N Y

Experiences of a health coaching self-management
program in patients with COPD: a qualitative content | Y Y Y Y
analysis™

Y: Yes N: No U: Unclear NA: Not Aplicable
Key [l Quantitative Almost Experimental Study (Non-Randomized Qualitative Study

Table 3. Levels of evidence and recommendation

Reference Levels of evidence Methodological quality
Padilha, J.M., Sousa, A.P,, 2 - qualitative or mixed methods | Strong
Pereira, EM. (2015) [17] synthesis
MacNab et al. (2015) [18] 2 - qualitative or mixed methods | Strong
synthesis
Fotoukian, Z., Shahboulaghi, |3 - unique qualitative study Strong
F.M., Khoshknab, M.E.,
Pourhabib, A. (2017) [19]
Simony, C., Andersen, I. C., 3 - unique qualitative study Strong

Bodtger, U., Birkelund, R.
(2019) [20]

FotouKian et al. (2014) [21] 3 - unique qualitative study Strong
Wang, L., Martensson, J., 3 - unique qualitative study Strong
Zhao, Y., Nygardh, A. (2018)

[22]

The analysis of the results of this work is based on three assumptions, the symp-
toms and barriers felt by the person with COPD, the strategies used in the promotion
of self-care management to overcome these barriers/difficulties and the gains/outcomes
obtained after the implementation of these same measures. In order to obtain a more
detailed knowledge of the daily reality experienced by the person with COPD, a stan-
dard outpatient pulmonary rehabilitation program was implemented [20], which allows
to verify the presence of dyspnea, other comorbidities and the feeling of despair, which
determined the influence of the participation of people with COPD in the respiratory
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rehabilitation program. It also referred to barrier factors such as aging, lack of physical
capacity, physical comorbidities, forgetfulness, difficulties inherent to the disease, com-
plex treatments, low economic status, fears and hope, cultural values and beliefs and
weak health system, literacy, symptoms and professional and economic issues [21, 22].
Thus, the evolution of COPD leads to episodes of dyspnea, fatigue, intolerance to phys-
ical exertion that seriously compromises your physical condition [3]. The alteration of
the physical condition, implies the decrease of the capacity in the realization of ADL’s,
increasing their degree of vulnerability and dependence [7, 8].

After the diagnosis of the situation, strategies were outlined, which allowed the
promotion of self-management and self-care of the person with COPD. The organization
of care, the development of standards, the nursing records, the decision making, are
fundamental measures that promote the continuous improvement of the quality of health
services, thus allowing, as this author recommends, to transform a model of care focused
on treatment, in a concept and model of nursing care planning that focuses on the
development of individual management skills in people with COPD [17], based on the
Theory of transition [8]. Thus, the transmission of information through the help of health
professionals using medication, oxygen, ventilotherapy and respiratory techniques, the
promotion of socio-psychological capacity, the involvement of family members and
professionals and the application of the Theory of “Life Management with COPD”, are
determinant in the success of the improvement of the quality of life of the person [19].
Monitoring (via pulse oximetry) was used as a guide in the control and decision making
of the person, allowing him/her to assume a prominent role in taking responsibility for
his/her self-management in order to reduce the dependence on health professionals [18].
This service called “Light Touch” has also become a teaching tool for people to use their
daily readings to understand their state of health. As previously mentioned, the nurse
is defended as a health professional trained to anticipate, evaluate, diagnose and help
the person to deal with these changes, so that the person acquires concepts and capacity
of autonomy in their family and social context, in order to achieve this “transition” [8].
This transition influences not only the person with this respiratory deficiency but also
the whole family dynamic and/or life of the informal caregiver [4].

The implementation of a self-management program in health, through the figure of
the “coach” nurse, via telephone, with total availability, transmitting feelings of trust
and encouragement to the expression of emotions, clarification of doubts [22], can be a
facilitating factor, since it is considered as facilitating factors the encouragement, con-
fidence in health care providers, the learning capacity of the elderly and their level of
experience [21]. Faced with the complexity of the disease, in response to imposed diffi-
culties and structured strategies, the results show that the use of the strategies mentioned
above, allows for gains in self-care and self-management of the person with COPD.
Thus, there was an increase not only in the safety and quality of nursing care, but also
a preservation of self-management, autonomy and quality of life of people with COPD
through the provision and learning of specific contents important for the control of the
disease [17] in treatment, in a concept and model of nursing care planning that bets on
the development of the individual capacity of management of COPD. The optimization
of information exchange between professionals and health services, the changes in nurs-
ing records that allowed to define indicators that prove the achievement of results for
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each patient and optimization of health resource management without increasing costs.
Changes were also made in outpatient consultations, reinforcing and facilitating access
to health care for people with COPD, allowing doubts to be dispelled and necessary
information to be obtained. The use of continuous telemonitoring encouraged people
with COPD to invest in emergency medication courses after they were able to relate
symptoms to the readings obtained [18]. This study has become a guide for the well-
being of the person, giving immediate indication of their state of health, reducing the
level of depression, stress and anxiety, thus improving the quality of life, since it gives
the patient confidence to act in accordance with his plan of self-management, having an
educational role, giving rise to less dependence on health professionals, making people
more able to recognize standard symptoms associated with the disease. We consider that
the effectiveness of nursing interventions were fundamental to the person’s rehabilita-
tion process, as it was demonstrated in the telemonitoring, evaluation and consequent
improvement of SPO2 parameters, allowing to demonstrate that telerehabilitation is cen-
tral to the patient’s empowerment, self-management and autonomy. The results obtained
[18], are in line with the outcomes obtained [19], since they defend health education as a
promoter of people’s independence in the development of knowledge and skills, through
exercises and management of therapeutic regimes implemented by health professionals,
food care, respiratory techniques and physical activity, in order to promote their train-
ing, self-responsibility, empowerment and autonomy, allowing people to accept and live
better with their condition or illness, living happier, consequently increasing their level
of satisfaction with life. These results are also defended by the DGS, which states that it
is through health education that rehabilitation nursing enables to empower and promote
the autonomy of the person/family, developing adapted self-care capabilities, enabling
the person/family to be the self-manager of their disease [6]. Increased well-being,
confidence and hope were noted, although without success in all participants [17-22].

The analysis of these articles is supported by functional re-education with interven-
tions implemented by the rehabilitation nurse, who achieves health gains through the
control of dyspnea, always aiming at the education of the person in the acquisition of
skills that enable him/her to become autonomous in a crisis situation [7]. Facing this
perspective, Dorothea Orem’s theory of self-care, which bases the concept of nursing
care on a relationship between the capabilities of action of the person in the face of the
demands of self-care, becoming one of the main foundations in the intervention of the
concept of self-care, where it advocates the conditions and limitations of action that the
person can achieve with the contribution of nursing, in order to find the balance between
what is really necessary and what the person wants or desires, so that the person feels
independent and satisfied in their self-care [11]. The DGS suggests that it is through
health education that rehabilitation nursing empowers and promotes the autonomy of
the person/family, through the development of capabilities inherent to self-care, acqui-
sition of behaviors adapted to the health condition [6]. This educational aspect enables
the person/family to be the self-manager of his/her illness and in a certain way enables
him/her to self-care and prevent complications.

Thus, it can be seen that in all the articles analyzed, literacy, although not mentioned
directly in the articles analyzed, is implicitly associated with competence learning pro-
cesses and that it underlies a model of empowerment, because it is through cognitive
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skills implemented by therapeutic education strategies, which must be extremely inter-
active, motivating and adapted to needs [18-20, 22], in order to instill a positive attitude
in the person’s daily life, as it also underpins the Action Plan for Health Literacy [13]. In
this context, the rehabilitation nurse plays a crucial role, providing the necessary tools
for the person with COPD to be able to manage his or her own illness, thus promoting the
person’s self-management and decision-making capacity, supported by the principle of
responsibility, From our point of view, this is the right way to promote the independence
and self-care of the person, in which the rehabilitation nurse, through his interventions, is
an agent of change, orienting his praxis to the provision of knowledge and empowerment
of the person and family, so that they adopt behaviors that go from finding favorable and
expectable results: Self-management and Self-care [9].

4 Study Limitations

The fact that this RSL presents only qualitative studies is a limitation, since, in this type
of investigation, each reality depends on the individual perceptions and beliefs. The ques-
tions have an exploratory nature and aim to discover, explore, describe and understand
the problems that exist in a given context and the way in which each person experiences
this experience. Since age, literacy, the severity of symptoms, professional conditions
and socioeconomic conditions will influence how each person develops capacities to
self-manage their illness.

5 Contributions to Nursing

The realization of this scientifically based synopsis allowed to explain the knowledge
of the strategies and the management gains of self-care of the person with COPD, high-
lighting the vital need to incorporate the rehabilitation nursing legis artis in this process
and the assertion that in view of the complexity of this disease it is essential to outline
and implement strategies that converge in the empowerment and self-management of the
person due to their disease, enhancing the improvement of their autonomy and quality
of life.

Following the studies analyzed in this Systematic Literature Review, the support for
the success of these programs is the presence of the specialist nurse in rehabilitation,
who with his body of specialized scientific technical knowledge is a motivating agent for
change, allocating behaviors that culminate in the results expectable: Self-management
and Self-care, justified by the measured results that were demonstrative of the improve-
ment in the continuity and safety of health care, less dependence on health professionals
as a consequence of training and self-management of the disease and, at the same time,
the presence of nurses as the motivating element, trust and encouragement. We admit
that the need for scientific evidence is crucial through randomized experimental studies,
which corroborate the benefits and the vital role of rehabilitation nursing intervention in
programs developed in the area of self-care management, thus guaranteeing the scientific
quality and reliability of the results obtained.



Promotion of Self-care Management in the Person with COPD 229

6 Conclusion

COPD is a disease that has a great impact on the lives of people who have it. Among
the various symptoms, it is the dyspnea that has the most impact on ADL, as well as
all the associated comorbidities, fatigue, the feeling of disability, intolerance to effort
that compromise the entire condition of the person’s experiences. The increase in the
degree of dependence and inability to carry out the basic and instrumental tasks that a
person usually performs in daily life leads to an increase in the degree of vulnerability,
dependence on self-care and dissatisfaction with life. The delineation of strategies with
the objective of promoting the self-management of the pathology and self-care of the
person with COPD emerges as an imperative base of a nursing action with a view to
autonomy and functionality. The improvement of the quality of life of these people, the
continuous improvement of health services, the use and guidance of therapy, the promo-
tion of socio-psychological capacity and the involvement of informal caregivers/family
enable desirable and expected outcomes for the person, resulting in their satisfaction and
greater independence in the use of health services.

Rehabilitation nursing assumes a central role in all this dynamic of promoting self-
care, self-management and functionality of the person with COPD. It is certain that there
are always phenomena as barriers and facilitators of this nursing intervention. However,
structured strategies and specialized care of quality are propellants of the security of
the person, autonomy and of consequent quality of life. To define indicators to obtain
results, in view of the individuality of each person it makes possible the optimization
of the self-management of resources in health in an efficient way, possibility gained at
the level of the health of the person and of economic resources. The educational role
of rehabilitation nursing, literacy and functional re-education, have as objectives the
development of skills and abilities, promoting not only the training of the person in self-
management of the therapeutic regimen but also becomes a reducer of anxiety, stress
and lack of confidence. The implementation of strategies that promote empowerment
and self-management consequently brings a better and greater degree of autonomy and
satisfaction of the person with COPD.
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Abstract. Sociodemographic factors and how each person with severe mental dis-
order (SMD) perceives their quality of life can influence their attendance of social
participation programmes. The objective of this study was to evaluate whether
quality of life or other sociodemographic factors are associated with the degree
of participation in a social participation programme in a sample of people with
SMD. From March to June 2019, a workshop was held in which 30 people with
SMD belonging to the FEAFES Céceres association participated. Quality of life
was measured using the SF-36 scale along with other sociodemographic variables.
Descriptive analyses were performed, and the association of descriptive factors
with attendance of the workshops was studied through a multivariate analysis. Of
the 30 people evaluated (56.7% men; mean age 41.5 years), the global quality of
life score in the mental domain was 45.51 (£6.82), and in the physical domain, it
was 50.66 (£6.32). The association between the mean variables and the degree of
social participation was not significant, with the exception of place of residence,
with people living at home participating more often (ORa: 18.32 [1.23-272.51] p
=0.035).

Keywords: Technology - Consumer participation - Quality of life - Mental
illness

1 Introduction

Mental health encompasses a wide range of activities directly or indirectly related to
mental well-being, as indicated in the WHO’s definition of health as ““a state of complete
physical, mental and social well-being and not merely the absence of disease or infirmi-
ty”, which touches on the promotion of well-being, the prevention of mental disorders
and the treatment and rehabilitation of people affected by these disorders [1].

At the beginning of 2016 and according to the databases of the Extremadura Disabil-
ity Centres (Centros de Discapacidad de Extremadura, CADEX), there were a total of
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24,548 people in the autonomous community with disability scores greater than or equal
to 33% related to mental health disorders: 46% of these had depressive disorders, 24%
had anxiety and adaptive disorders and 12% had schizophrenia and personality disorders
[2]. However, these figures increases exponentially each year [3]. In fact, 9.7% of hospi-
tal stays were due to mental disorders, and 2.6% of the total population of Extremadura
suffers from some type of mental disorder [4], comprising one of the most vulnerable
groups. In many autonomous communities, mental illnesses are not listed as a direct
cause of dependence but as a symptom of weakness of character or a punishment for
immoral behaviour [5]. Therefore, the difficulty that people with severe mental illness
have in participating in society is a reality [6]. There are limitations in basic activi-
ties such as leaving the house, participating in skills training activities and even having
access to a suitable job; these limitations lead to a situation of vulnerability and may
even evolve into social discrimination. In this way, social isolation, a lack of social net-
works and marginalization are characteristics that can be associated with “being alone”,
but the true loneliness associated with “feeling alone” entails feelings of homesickness,
sadness and longing despite being around other people [7]. This feeling can be linked
to lack of activity and social isolation that can lead to various affective disorders, such
as depression [8]. These disorders can be disabling when they are experienced at cer-
tain life stages because of factors that amplify them, such as limited financial resources
or comorbid physical diseases; in short, everything that affects social relationships and
accelerates disease processes [9]. According to the WHO’s, quality of life is understood
as a person’s perception of his or her position in life in the context of the culture and
value systems in which he or she lives and in relation to his or her goals, expectations,
standards and concerns [10].

2 Materials and Methods

An observational study of a group of 30 people with severe mental disorder (SMD)
participating in a workshop on social networks and new technologies conducted at the
FEAFES Céceres mental health association was designed.

The activity took place between March and June 2019 and included 10 sessions in
total, which generated 3 videos. The workshop was structured in 3 different phases:
in the first phase, the objective of the workshop and the methodology to be used was
explained, and a brainstorming meeting was held with the participants to select the topics
to be covered based on their perceived needs.

The second phase was methodical and recurrent and was always structured in the
same way. On the first day, the topic to be discussed was selected from the list generated
during the first brainstorming session, the script was planned, and the roles that each
person would adopt in the video (actors/actresses, director, producer...) were defined.
To select which role each participant would play, previous knowledge about the use of
social networks, technological devices, if they were users of the computer workshop was
taken into account. Each participant needed to play a meaningful role for the person,
favouring the assimilation of the role and enhancing the motivation to participate in the
social network workshop.

In the following session, with the help of the directors and producers, the video
was recorded at the chosen locations. Finally, the video was imported to iMovie. For
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editing, working groups were created, and each person was responsible for editing a
scene. Later, the director was responsible for assembling the video, creating transitions
between scenes and producing the final cut.

All participants were clearly informed of the functions they had to perform in their
roles, the factors to consider and how to behave.

For the person to acquire each role, a previous treatment of Occupational Therapy
a previous was necessary. This intervention that involved performing a role analysis
to describe the abilities of the person who would perform the role and how to carry it
out, including skills such as basic activities of daily life, such as cleaning and bathing;
instrumental activities, such as device management; and others.

Prior to the start of the workshop, information on the sociodemographic variables
(age, sex, residence) of each subject was collected. Similarly, to measure quality of
life, the free Spanish translated version of the original SF-36 scale licensed for unfunded
research was used [11]. The SF-36 scale consists of 35 scored items divided into 8 health
concepts: physical functioning, physical role functioning, emotional role functioning,
social role functioning, mental health, general health perceptions, bodily pain and vitality.
These dimensions form 2 main health domains: the physical health domain (QoL-P) and
the mental health domain (QoL-M) [11]. Finally, as a dependent variable of the study,
the attendance rate at the sessions was measured and recorded on an attendance sheet
by the professional leading the workshop.

During data analysis, the variables of the sample were described. For qualitative
variables, absolute values and percentages -n (%) were used. For quantitative variables,
the distribution was determined using central tendency and dispersion values expressed
as the mean and standard deviation (+SD) for variables with a normal distribution and
the median and interquartile range [IQR] for those that were not normally distributed.
Subsequently, the data were analysed in terms of their distribution according to the
quality of life scores in the 2 main health domains: physical and mental. To do this, the
sample was divided into two categories based on the mean quality of life scores: the
WorseQoL group had scores below the median, and the BetterQoL group had scores
greater than or equal to the median. Qualitative variables were compared using the chi-
square test or Fisher’s exact test for cells with fewer than 5 cases. Quantitative variables
were compared using Student’s t-test for variables with a normal distribution and the
non-parametric Mann-Whitney U test for variables with non-normal distributions.

To measure the magnitude of the association between the quality of life of the
participants and their attendance of the programme sessions, the dependent variable
was dichotomized according to attendance rate as low attendance (<50%) and high
attendance (>50%).

This allowed us to carry out a multivariate analysis using binary logistic regres-
sion with attendance rate as a dependent variable and the other factors as indepen-
dent variables. We obtained measures of the adjusted association between the indepen-
dent variables and the dependent variable using adjusted odds ratios (ORa) and their
corresponding 95% confidence intervals (95% Cls).

All analyses were performed using SPSS 25.0 for Windows (SPSS, Chicago, IL),
and values of p < 0.05 were considered significant.
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3 Results

Sociodemographic Characteristics

Of the 30 participants who started the programme, the median [IQR] age was 41.5 years
[33.75-52.75], and 17 (56.7%) were men. The distribution in terms of the origin of the
30 participants was as follows: 9 (30%) lived at a residential rehabilitation Centre (RRC),
7 lived in group homes (GH) and 14 resided in their family homes (FH).

Quality of Life
The mean and standard deviation of the global values of the SF-36 scale with respect to
the QoL-P domain was 50.66 (£6.32) (Fig. 1).

Histograma
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Global physical factors of quality of life

Fig. 1. Distribution of SF-36 physical component scores

The global value obtained for the QoL-M domain was 45.51 (£6.8) (Fig. 2).

Figure 3 shows the quality-of-life scores broken down into the 2 domains and 8
patterns, along with the 