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Preface

The present book includes extended and revised versions of a set of selected papers
from the International Conference on Information and Communication Technologies
for Ageing Well and e-Health (ICT4AWE 2021 and 2022), which were exceptionally
held as online events, due to COVID-19.

ICT4AWE 2021 received 33 paper submissions from 23 countries, of which 15%
were included in this book. ICT4AWE 2022 received 50 paper submissions from 24
countries, of which 32% were included in this book.

The papers were selected by the event chairs and their selection is based on a number
of quality criteria that include the classifications and comments provided by the program
committee members, the session chairs’ assessment and also the program chairs’ general
assessment of all papers included in the technical program.The authors of selected papers
were then invited to submit a revised and extended version of their papers having at least
30% innovative material.

The International Conference on Information and Communication Technologies for
AgeingWell and e-Health fosters close exchange and collaboration in the field of digital
assistive technologies in the health care domain. The conference aims to be a meeting
point for those that study age and health-related quality of life and apply information
and communication technologies to help people stay healthier, more independent and
active at work or in their community. ICT4AWE facilitates the exchange of information
and dissemination of best practices, innovation and technical improvements in the fields
of age and health care, education, psychology, social coordination and ambient assisted
living. From e-Health to intelligent systems and ICT devices, the conference is a vibrant
discussion and collaboration platform for all those thatwork in research and development
or in companies involved in promoting the quality of life and well-being of people, by
providing room for research and industrial presentations, demos and project descriptions.

The papers selected to be included in this book contribute to the understanding of
relevant trends of current research on Information and Communication Technologies for
Ageing Well and e-Health, including: Decision Support Systems, Home Care Monitor-
ing Systems, Systems to Encourage Healthy Lifestyles, Diagnostic Support, Acceptance
of Ambient Technology, Internet of Things and Smart Devices for Independent Living,
Mobile Health Monitoring, Psychological Dimension of Aging Population, Privacy and
Ethical Issues, Open Data and Health Information, Inclusive Design, Human Com-
munication and Behavioural Studies of Senior Citizens, Health Information Systems,
Game-Based Approaches towards Health Awareness, Electronic Health Records, Case
Studies in eHealth and Autonomy and Active Ageing.
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We would like to thank all the authors for their contributions and also the reviewers
who have helped to ensure the quality of this publication.

April 2022 Leszek Maciaszek
Maurice Mulvenna

Martina Ziefle
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Surveys: A Data Mining Perspective
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Abstract. Within the psychological currents, several proposals on active aging
have been defined, conceptualizing it as a perspective or differentiated way of
aging satisfactorily. These proposals generate indicators that assess the level of
physical health, psychological well-being and adequate social and spiritual adap-
tation. The indicators are quantified based on active ageing surveys whose are
differs for each ageing proposal and collects different features of active aging
such as: health, cognition, activity, affection, fitness, and satisfaction levels. This
methodology is focused on rescuing the relevant factors (features) facilitating the
interpretation of the data, avoiding the non-required characteristics. The method-
ology proposes a set of data mining techniques for different types of data that
could be present in the forms of active aging, and seeking to make a concrete
proposal, the features of an active aging survey are evaluated, determining a sub-
set of features where their weights make them more relevant in data collection,
and finally, this methodology is positively evaluated as a model of acceptance by
geriatric psychologists.

Keywords: Active ageing · Data mining · Features relevance · TAM ·
Methodology

1 Introduction

When old age concept was analyzed, until not long ago it was considered to be only
related to illness, memory problems, senility, dementia, poverty and depression [35].
The World Health Organization, in 2015 presented the World Report on Aging and
Health, which covers aging as the sum of several changes; biologically, aging is asso-
ciated with the accumulation of a wide variety of molecular and cellular damages that
gradually reduce physiological reserves, increase the risk of many diseases, and gen-
erally decrease the individual’s capacity [59]. In addition, it defines Active or Healthy
Aging as the process of promoting and maintaining the functional capacity that allows
c© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
L. A. Maciaszek et al. (Eds.): ICT4AWE 2021/2022, CCIS 1856, pp. 138–156, 2023.
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well-being in old age, quantifying it through variables that include personal charac-
teristics, health characteristics, genetic inheritance, functional capacity and intrinsic
capacity of being human; as well as variables of the environment in which the per-
son develops, such as identity, relationships, the possibility of enjoyment, autonomy,
security and the potential for personal growth [5,59].

The World Health Organization (WHO) considers that there are three main peri-
ods of healthy aging: a relatively high and stable capacity, a diminished capacity, and
a significant loss of capacity. It also identifies that these there are different approaches
to quantify the active ageing, but all of them keep the same purpose of promoting and
maintaining the human intrinsic capacity, so that people with reduced functional capac-
ity can continue to carry out activities that are important to them [59]. Trajectory that
does not depend on chronological age and that is not uniform among the individuals of
a population.

Worldwide, the concept of active aging has gained interest; for example, the Euro-
pean Union has focused on issues related to a transition from the perception that older
adults are only recipients of a retirement to an active orientation in which they are active
subjects at the family, community, work, educational level, etc. [57] Another exam-
ple is observed in China, Japan, and South Korea; they have proposed an integrated,
composite index for measuring the contribution of older people to the society, to their
communities and their families, considering the percentage of older population aged 60
or more. This index is compound of metrics that identify the staying in labor market
longer, the contribution or participation in the community, society and family activities,
the capacity of living independently, and the promotion of individuals’ capacities [56].

Although identifying active aging in a people is relevant, for governments, it is
even more relevant to generate population indicators that allow them to build policies
with a view of improving the reality of this segment of the population. In this context,
data mining techniques is useful to quantify, tabulate and obtain results oriented to
active aging, where the generation of datasets and the application of various techniques
becomes an attractive option to evaluate and interpret the concept of active aging among
a wide range of variables and their combinations [40,41,54]. Prediction, detection of
outliers (anomaly detection), clustering and decision making are some of the most used
techniques in the data mining field [38,47].

According to the above descriptions, active ageing definitions such as by the WHO,
European, and Oriental have some similar characteristics among them, but also differs
on multiples definitions and variables to measure the active ageing, this obstruct the
way to create a general framework to evaluate the active ageing surveys designed by
psychologists basing on the definitions that they believe proper. Thus, it is required to
propose a data mining methodology to evaluate variables collected by active ageing
surveys. The perspectives of data scientists are base to communicate the relevant tech-
niques and tools to face and overcome the most important barriers for each data analysis
stage. A previous work presented the first steps to discover insights among active age-
ing variables and the method was embodied as a business process notation [2]. Based
on it, this paper presents the methodology for surveys guided by a software engineer-
ing specification, deep into the data mining techniques, and shown an instance of the
method analyzing variables of an active ageing survey.
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The paper is organized as follows: In Sect. 2, in form of background, the active
ageing definitions are presented allowing to give context to readers. In Sect. 3, The
methodology to face the evaluation of active ageing variable is shown. In Sect. 4, the
evaluation by psychologists of this method is presented. In Sect. 5, the conclusions and
viable applications of this method are shown.

2 Related Work

While the concept of active ageing is analyzed, the WHO highlight that old ageism
refers to creating stereotypes, discrimination and prejudice against old people [59].
Since at the end of the 60s of the 20th century, various sociological perspectives have
been proposed as theoretical objectives focused on distinguish the “good” and “bad”
ways of aging. However, models of aging based on exact psychological indicators have
now been developed, although these models have a great common basis, each of them
represents a different perspective of aging successfully, below the most relevant per-
spectives are shown.

2.1 Successful Aging

This concept presents a model based that measure the capacities of elderly taking into
account the absence and risk reduction of disease and disability; the high functional
capacities, and active engagement with life. This term was introduced by Robert J.
Havighurst (1961) [39] in order to classify aging patterns in two groups, normal and
pathological capacities; and according to authors such as [23] or [45], it is necessary to
distinguished heterogeneity within elderly groups, each of them having different stereo-
types, experiences and expectations. Thus, the Rowe and Kahn model (1997) estab-
lishes three key indicators to characterize successful aging related to the probability of
suffering diseases or disabilities, the function of cognitive and physical capacities and
the engagement to life. The model of successful cognitive ageing compares an elderly
individual to other groups, the approach compares the cognitive performance of an spe-
cific person with data obtained of the same chronological age and establishes an index
on relative homogeneity in young adulthood but heterogeneity thereafter [35].

2.2 Optimal Aging

The concept of optimal ageing can be described in the manner an elderly spends his life
and the opportunities he has including not only aspect related to the biological, medical
and socioeconomic environment, but also including a form of life that can be optimized
and cultivated [46]. It measures satisfaction despite the presence of adverse medical
conditions that can alter the life of an older adult [10]. The concept of optimal ageing
includes the decision of an individual to optimize different stages of his life, depending
on his goals, his projection or his environment. The concept includes, in addition to the
level of health, the mental health and the social functioning as major elements that deter-
mines plasticity in aging. In [3], where the selection, optimization and compensation
are mandatory to adjust proper goals and objectives related to that age [6]. The concept
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includes the analysis of aspect related to the effect of physical activity, nutrition, and
social as elements to determine the physical functioning, the mental/cognitive function-
ing, the active social functioning, and an overall health indicator [37]. Brummel-Smith
considered the social environment and support system as elements that influences the
process in adaptation to changes and also prevents individuals from pathologies caused
by stress [9].

2.3 Active Aging

TheWHO in 2002 raised the concept of active aging. This proposal, from the beginning,
included health, participation and safety as basic components, although later this work
was taken up again and learning was included as a fourth component of this concept [8].
In this way, active aging has been defined as “... the process of optimizing opportunities
for health, participation and safety in order to improve the quality of life as people age”
[28], proposal that can be approached from a public policy perspective. The first pillar,
health, refers to preventing diseases and promoting healthy habits that promote well-
being on a physical, mental and social level [28]. The pillar of physical level depends
on peace, security, food, income, ecosystem, and other variables that constitute the indi-
vidual’s system [28]. Active aging has a third pillar, the safety, since insecurity of any
kind could have harmful effects on health and well-being. At the individual level, the
risks of illness, death, unemployment for long periods; food insecurity, economic and
cultural insecurity [8]. The latest and newest pillar in active aging is the learning. This
is seen as a resource that improves the ability to remain healthy, by allowing different
knowledge and skills to be acquired and updated to maintain people’s capacities and
also to better reinforce personal safety [28].

2.4 Positive Aging: European Model

Fernández - Ballesteros points out that this concept integrates what has been defined
as optimal, successful, active, productive, healthy aging, and other nomenclatures that
express, in short, an aging that entails the integral well-being of the subject. The author
points out that three main aspects are grouped under all these concepts, a) success-
ful aging is multidimensional, since it encompasses biophysical, emotional, cognitive
and social aspects; b) they cannot be reduced to purely biological domains in terms of
health and disease, nor to subjective conditions; and c) there are no great intercultural
differences in this construct. Thus, it is determined, through exploratory factor analysis,
that there are 5 factors that affect this type of aging, and they are: a) health, cognition,
activity, affect, and fitness [20].

2.5 New Proposals for Successful Aging

A recent proposal states that successful aging is determined by four aspects: physi-
cal, psychological, social and pleasant activities [34]. The psychological factor refers
to the existence of a lower stress level, as well as a generalized sense of psychological
well-being, which implies self-acceptance, positive relationships with others, auton-
omy, mastery of the environment, purpose in life and personal growth [49]. Regarding
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the social factor, social support (availability of people that one can count on), religion
and commitment to life are mentioned as essential points that help people face the
adversities of life [51]. Pleasant activities include actions like exercise or vacations.
In order to evaluate this factor, questions were asked that inquired about the frequency
with which the person traveled outside the city or the frequency with which they carried
out exercise. This model was tested using structural equations, and had a very good fit
showing that these factors make up the successful aging construct [34].

2.6 Psychosocial Models of Successful Aging

Carver and Buchanan’s proposal seeks to highlight non-biomedical aspects that are con-
sidered in other models. This would allow to speak of a good or optimal aging even in
those older adults who have some disease. Their approach considers, as a main point,
leaving aside biomedical constructs so that more older adults can be included. In this
case, several aspects need to be considered: commitment to life, optimism or positive
attitude, resilience. In addition, the factor of spirituality or religiosity is included, and
can be beneficial. It is understood as the fact of getting involved in contemplative or
altruistic activities. Finally, self-efficacy and self-esteem are indicated as significant in
the model, as well as gerotranscendence, which refers to the older adult being able
to see his life in retrospect and give it meaning and purpose, as well as understand it
coherently [13].

In Sweden another model established that successful aging has to do with a subjec-
tive and retrospective assessment of overall quality of life. From this point, they affirm
then that the commitment with life is the main factor to have a good aging [52]. This
concept is based on the theory of activity, specifically related to the participation in
pleasant or leisure activities. In this sense, a person who presents higher levels of activ-
ity in this type of dynamism will be opposing the so-called lack of productivity that
comes with retirement, thus guaranteeing their successful aging. In [26] a model for
activity domain includes culture-entertainment, productive-personal growth, physical-
outdoors, recreation-expressive, friendship, and formal group. Those items remark the
importance of participation and the commitment that they generate. As it has been ana-
lyzed, these models in general have something in common: they all seek the integral
well-being of people. They show the interest in the deep human being, beyond the only
visible and objective, it considers the person in all its facets.

3 Methodology

Based on the Software & Systems Process Engineering Metamodel (SPEM) specifica-
tion, the proposed methodology is an instance of the six stages of the Cross-Industry
Standard Process for Data Mining (CRISP-DM) [58], and it is shown in Fig. 1. The
active ageing context is fundamental providing: roles, concepts, and artefacts such as
codebooks and the raw datasets. Several datasets has to be transformed to ordinal types,
therefore, data dictionaries are essential to accomplish this task. And after that, the
model can be build according the data quality, the feature selection model has to sup-
port different data types.
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Fig. 1.Methodology for select the relevant features among active ageing surveys.

3.1 Data Comprehension

The different approaches focused on evaluate the active ageing seen in the above section
collect several variables and data types making hard the interpretation if collected data,
it inclusive for only one ageing survey. In this context, grateful to the web page of
Institute for Research on Ageing it is possible to confirm the several approaches and
waves for ageing analysis, the institute collected and opened multiple datasets seeking
to improve the research on this knowledge domain [27].

To address this propose, one survey collected in the study by the Advanced Cogni-
tive Training for Independent and Vital Elderly carried out in United States since 1999
until 2001 [55] is used as an input example to detect the relevant features and discard
the others without lose the weight of the input data for a machine learning algorithm.
In order, from the 43 collected forms in the study, seeking proof but also simplify this
whole methodology, we selected the data of the DS0027 folder related to the form 618-
Medication Audit. This dataset is conformed by 38 features and 5156 records by people
aged between 65 and 94 years. Each feature is a medicament, the description of each
feature is stored in the respective codebook, and the referent value indicates how many
the person forgot to take the medicine.

3.2 Data Preparation

In a data mining process the data preparation stage wastes more than the 50% of the
whole process, this is caused by one or multiple techniques are applied until to get a
proper dataset to be used as input in a data mining algorithm. The processes inside of
the data preparation stage commonly are: normalization, label encoder, missing val-
ues treatment, data discretization, dimensional reduction; in addition, surveys require
extra techniques due to the text existence, in these cases, techniques such as: lower
case, quantities parsing, punctuation treatments, stop words, stemming, and lemmati-
zation are indispensable prior to extract relevant information from the active ageing
forms collected in textual mode. This subsection aims to describe the more relevant
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data preparation techniques among the listed, and according to the sample form apply
the required tasks.

Dealing withMissing Values. In the latest years, across several academic domains data
is always collected in different types, however, no matter the type of data, it could be
numerical or not, discrete or continuous, but perhaps missing values have been unavoid-
able in all of these domains. From this point, several approaches to deal with missing
data have been developed, among these it is possible to highlight: assurance of data
quality, imputation, and dropping tuples (based on its percentage) [18].

In cases where features are numerical or time series-based then the forecasting
methods work well, but in case of surveys such as active ageing, the features tend
to be categorical, or ordinal types complicating much more the execution of imputa-
tion approaches. Works such as Swindell [54] shows how to deal with continuous and
categorical features, proposing to fill in missing data with the “Imputation approach”
method. The missing data are imputed based on the average value between the k = 20,
but the credibility of the imputed data is low. In psychology domain, the choice about
missing data relapses on the opinion of experts and on the amount of data collected
[18], if there are missing fields, the Neuropsychologists experts prefer to backup up and
drop the records and all the linked records to avoid the noise in the results [41].

Transforming by Data Discretizacion. According to [41], a challenge to face in sur-
veys is the standard for peoples’ ages transformation, who are part of the group to
be analyzed. Ages are indispensable across studies for healthy. The Research of Adult
Learning and Development Handobbok address the guidelines for treatment of these age
groups [53]. A simple way is to transform ages focused on standardize the age in groups
as: childhood, adolescence, emerging adulthood, average adulthood, and late adulthood.
In complement to it, the ordinal encoders can give support to these age groups making
possible to include in numerical data mining algorithms [61]. In the same way, Ethnic-
ity can be categorized [42] but label encoders can be used instead of ordinal encoders
[61]. The encoders are trained to allow transform nominal to numerical types, but also
these algorithms execute the inverse task facilitating to trace the data discretization and
transformation.

Dealing with Likert Scales. In the same way, satisfaction and comfortable feedback
levels are part of active ageing surveys, commonly these levels are based on the Likert
scale. Both ways to deal with this scale are present, on the one hand, ordinal encoders
can transform and make these appropriate for a data mining process, but on the other
hand, special algorithms for deal with this scale are available increasing the power of
data mining process improving the goodness in the results [30].

Dealing with Texts. In data containing words or phrases, it is necessary to identify
words that will contribute or not to a mining process [38]. Text mining is considered
a huge topic inside data knowledge retrieval, perhaps to develop a Natural Language
Processing (NLP) perspective over surveys can fit as a specific papers to address the
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treatment. However, in this point, it is presented a overview of the main techniques for
a text mining process. In an initial description, we highlight that it has the same six
steps than a data mining process [58]. According to [24], the text preparation includes
the following techniques:

Nonalphabetic Characters Removal. The preprcessing technique allows to remove
numbers, punctuation, special characters. However, depending of the domain under-
standing, number can be transformed to words to avoid loss information. For exam-
ple, A question in survey related to number of pill administration per patient.

Text Conversion. Lowercase and uppercase conversions are used to standardize the
inputs, and reduces the vocabulary, therefore, it decreases the number of dimensions.
It is necessary highlight that inside NLP each word is a dimension (feature).

Spelling Correction. Due to manual writing could contain wrong words or personal
styles, the spelling is used for correct these issues. Also, this technique helps to
increase the statistical power and avoid the capture of styles.

Contractions and Abbreviations. It uses a dictionary to transform the abbreviations
(both formal and informal) and get the complete words.

Stop Words. It is a list of word contains common words to be removed without value
in the analysis, for example, the sentence connectors.

Lemmatization and Stemming. These techniques are focused on get a root among
words wrote in different tenses. The first one uses a dictionary to get the simple root
of a word, for example: “wrote”=> “write”. On the other hand, stemming seeks
to truncate the word through rules, for example: “speaking”=> “speak”, however,
it does not consider the tenses, for example, “funnier”=> “funnier”.

3.3 Modeling

Reveal the features whose characterize the active aging is the main interest of this work,
several feature selection approaches could be take into account to resolve the objective,
however, only a select group of approaches have support for the multiple data types
collected in the related surveys of active ageing how is shown in the above. The most
simple approach is determine the influence of variables using the algorithm “Select by
weights” that selects only those whose weights satisfy a criterion concerning the input
weights [36].

Clustering. The selection or removal of features depends of the input data, there-
fore, in some cases it is need to apply filters or a deeper filter analysis for discov-
ering some groups of individuals with similar patterns, hence, when this requirement
floated out, the clustering technique is justly focused on divide data onto subgroups
of interest, incorporating a unsupervised approach as part of the analysis. The appli-
cation of unsupervised methods has been used in similar works focused on data seg-
mentation, the work of [43] evidences the predictive value of different measures of
cognition, clustering found that girls with the high socioeconomic status trend to higher
academic achievement in science stream, and boys with low socioeconomic status had
trends higher academic achievement in general. The application of clustering over social
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domains has been widely used as an unsupervised technique for human activity recog-
nition [4], this leads to take it as part of a possible segmentation case.

When it is clear how clustering will solve it, it is necessary to select the proper tech-
nique among the multiple algorithms such as: hierarchical, k-means, random sampling,
randomize search, condensation based, densityBased, grid-based, probabilistic model-
based, clustering graphs, or network data [44]. The goodness of data is proportional
to the fulfilment of its purpose, normally, the technique creates groups mutually exclu-
sive based on three possible conditions: a) Defining the maximum cluster distance and
minimizing it, b) Compute the sum of averages of the distances and minimizing it, and
c) Compute the total cluster distance and minimize it [44]. The problem defines two
segments: proper or no proper values for active aging. Therefore, k-means algorithm is
proposed to generate the two segments [30], clustering gives another advantage related
to the responses of likert scale due to its nature of losing information and data distortion.

Feature Selection and Dimensional Reduction. The above points aim to create a
validated and structured input to be used in this stage. However, a concern is data with
redundant variables [25], and also the unstructured data collected from interviews or
tests such as cognitive diagnostics or clinical treatments are also an issue to overcome
[11], in both cases, high dimensional treatment is the gap to overcome, therefore, two
ways are visible to accomplish to task.

Feature Extraction. In this method algorithms are focused on transforming a set of
features (variables) to a new dataset, with low dimensions using mathematical func-
tions, some of them can revert the process, but there is some loss in precision of the
output values. These techniques are widely used in the neuropsychological domain
as a dimensionality reduction to deal with data collected from digital machines as
function of Magnetic Resonance Images [19,29], or Electroencephalograms images
(EEG) [1,7,17]. The principal component analysis (PCA) or its variants is the com-
mon method to perform this task.

Feature Selection. This approach selects only the relevant variables from a dataset.
Unlike feature extraction which transform data, this method keeps the understand-
ing of the variables. This approach requires a better data pre-processing, and finally,
an evaluation process to ensure the quality of the output features. The evolution of
feature selection has granted multiple vias or methods such as: Filter Methods. A
ranking mechanism is used to grade the features (variables), and based on a value
as a threshold, the features are removed. The methods are based on relevance and
redundancy. The common methods are: variance, information measure, correlation
measure, distance measure, consistence measure, fuzzy set theory, and rough set
theory [14]. Wrapped Methods, this method uses the predictor performance as an
objective function to evaluate the variable subset, suboptimal subsets are found by
employing search algorithms, the algorithms start with an empty dataset and then
add features (or by full dataset and removing features) until to obtain the maxi-
mum objective function [60]. Evolutionary Computation Paradigms, some authors of
consider the evolutionary computation into the wrapped methods, however, a more
recent study [60] details the importance of split these methods, the heuristic search
evaluates different subsets until it optimizes the objective function, multiple subsets
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are created by searching in a searchspace, the used algorithms by this method are
genetic algorithms, genetic programming, particle swarm optimization, ant colony
optimization, and differential evolution. The feature selection process is shown in
Fig. 2.

Fig. 2. The overview of feature selection for active aging forms.

Case of Rescue Relevant Features. Using as input the data of the survey 618 explained
in Sect. 3.1, The objective is to evaluate relevance among features (X axes), therefore,
the feature selection has to be applied. As preprocessing operations: the AID, OTH-
ERMED, and NUMMEDS features were dropped, and the VISIT feature was trans-
formed using an ordinal encoder and set itself as evaluation predictor known also as a
target.

In order, in the modeling stage, to evaluate the weight of each feature, a filter method
was used due to the absence of a target feature, how we have seen the wrapped method
uses a predictor to evaluate each variable. The chi-square test evaluates the relation-
ship among the features, its main advantage is the support for nominal, ordinal, and
numeric values. The test compares the features against the normal distribution, the dis-
tribution is described as x2 = ΣZi2, where z1, z2, .., z(n) are standard normal vari-
ables. In feature selection the test aims to select the features which are highly dependent
on the response. For null hypotheses (H0) the two variables are independent, and for
alternative hypotheses (H1) two variables are not independent. The python package
for machine learning provides an API for feature selection, and it can be used by the
method SelectKBest(chi2, k = n) simplifying the analysis. In Fig. 3 is possible see
the p− value, the null hypotheses is rejected if the value falls in the error region (alpha
from 0 to 0.05). In this survey, 12 features are independents due to these fall into the
alpha range, and the rest of features are not independent.

In this case, one of the surveys was analyzed, but the rest of these can to follow the
guidelines described in the above subsection. Therefore, evaluate the relevance among:
successful, optimal, active, positive, psychological proposals described in Sect. 2.

3.4 Model Evaluation

The main advantage models based on a predictor analysis is itself validation due to
its precision values, as we have seen, the p-values are fundamental for evaluating the
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Fig. 3. Rescuing relevant features from the Form 618-Medication Audit, alpha = 0.05.

weight among features. On the other hand, If clustering was used prior the feature selec-
tion, a simple way is verify the grouped data is related is through multidimensional
graphs. Generally, 2D or 3D dimensional plots are used to display the groups [31], the
visual analytics is a recent strategy in which the human capabilities are used to interpret
the data behavior. The interpretation is executed over popular visualization methods as:
Bar charts, Line charts, Pie charts, and Scatter plots. In this case, the scatter plot is
a standard method to describe a clustering application, while the human can evaluate
according to the dispersion of data. However, this method is hard to assess if clusters
are very closed [15]. In this case a mathematical indicator is required to improve the
verification of goodness. Two indicators are proposed by the literature, the elbow anal-
ysis and the silhouette indicator are viable to increase the confidence of the generated
groups [50].

4 Evaluating the Feature Selection of Surveys

In the same way as the previous work [2], This section presents a case study seeking to
evaluate the acceptance of this methodology. In this context, Runeson in 2012 proposed
a set of activities to evaluate a product [48], the activities to be tracked are: 1) design,
2) preparation for data collection, 3) collecting evidence, 4) analysis of collected data
and reporting, and 5) threats of validity analysis. The results of this evaluation represent
an essential knowledge for data engineers who work in factors associated with active
aging in the proposed methodology. To achieve this evaluation experts in active aging
evaluate the inputs used in the proposed methodology according to Runeson.

4.1 Designing the Evaluation

Seeking to obtain a degree of agreement among the experts, this evaluation analyzes
regarding the variables in a survey of healthy aging. Besides, this case study is focused
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on evaluate the perceptions among health personnel regarding the usefulness of the
results derived from the stages of the data method.

The evaluation and the scope were addressed by the Goal-Question-Metric (GQM)
approach proposed by Basili et al. in 1994 [12]. The GQM scheme is structured as fol-
lows: a) The analysis of the inputs for the methodology proposed by the data engineers,
b) What is the purpose of the objective measures the agreement among active ageing
experts against each activity regarding the usefulness of the information resulting from
the methodology, c) From the point of psychologists, and d) In the health context where
this study is carried out.

Analyze. The evaluation analyzes the inputs for the methodology proposed by the data
engineers.

With the Purpose of. reach a degree of agreement among health experts, and evalu-
ate their perceptions regarding the usefulness of the information resulting from the
methodology.

From the Point of View of. Clinical psychologists.
In the Context of. a real execution of feature evaluation.

And, in this context, the research questions are:

1. What stage(s) are not avoidable in the health domain?.
2. What the perception of health personnel on the usefulness of a methodology that

allows selecting active aging variables collected utilizing data mining techniques?.

Based on Runeson et al. [48] recommendations, this case study method is holistic-
multiple, and the units of analysis are presented in Fig. 4.

Fig. 4. Process for evaluation the acceptance of this work.

4.2 Preparation for Data Collection

Two surveys were designed to achieve the objectives of this case study. For Context
1, a form was developed based on Lak, Rashidghalam, Myint, and Bradaran [32] (see
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https://n9.cl/iwle), who propose a list of active aging characteristics based on the study
of related work. The purpose of this first form is to reach a consensus of experts in the
gerontological health area of the variables that should be considered for the characteri-
zation of healthy aging through data mining.

Next, seeking to evaluate the Context 2, a form was created based on the technology
assessment model (TAM) proposed by Davis [16]. However, to limit its application, we
only analyze the constructs of the Perceived Utility (PU) and the Intent to Use (UIT)
in the future, therefore, the final product of the methodology is analyzed. Hence, data
mining experts designed the form with its respective explanation based on the likert
scale, it is shown in the following URL: https://n9.cl/qcmb4.

4.3 Data Analysis and Reporting of Results

Both questionnaires were explained, then were filled by two Clinical psychologists with
experience in the gerontological domain, they are experts due to their experience both
in academic degree and also in practical field.

Next while the results were interpreted, it was found that in Case 1, Fleiss’ Kappa
statistical measure used for assessing the reliability of agreement between a fixed num-
ber of raters when assigning categorical ratings (likert) to several items or classifying
items. The action is scored between 0 and 1 (0 means low agreement, and one refers to
a high deal). Fleiss’ Kappa also is used to validate the process of inclusion/exclusion
of variables presented in Appendix 1 of the form (see https://n9.cl/iwle). Finally, the
selections of each reviewer was checked and some discrepancies were resolved with
consensus among they.

For the both two raters, the Fleiss’s Kappa for agreement on inclusion in the active
aging resulted 0.83, Landis and Koch [33] provide a table to evaluate and interpret the
resulting values, thus, values between 0.81 and 1.00 are considered almost perfect. The
average of the responses obtained for the two TAM constructs analysed was calculated
(see Fig. 5). It is concluded that clinical psychologists mention that this technological
contribution can reduce the time and effort to evaluate the relevance among features.
Also, the experts recall that it is a valuable input since it will allow an excellent charac-
terization of the study variable to develop intervention plans in different levels.

Fig. 5. Results of the case study - Perceptions of the clinical psychologists.

https://n9.cl/iwle
https://n9.cl/qcmb4.
https://n9.cl/iwle
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In comparison with the previous work, the results of the evaluation of this TAM does
not change, the psychologists maintain their responses. It could be due to the simplicity
to fill the forms and the experience of the raters. The values obtained in the previous
works of 0.82 and 0.83 in this work do not change the results of this case study.

4.4 Threats of Validity

The evaluation of threats to validity in a case of study is a critical task focused on secure
the quality of empirical studies in Software Engineering (SE), this includes the systems
and methods for data treatment and analysis due to these are part of information sys-
tems. Threats to validity normally is understood by four categories: construct, internal,
and external validity, and conclusions [62].

Construct Validity: focuses on identify the correct use of operational measures for
the concepts being studied. In context 1, the work by Sutano [22] as a list of active
ageing features collected in a systematic literature review. In order to compare the
degree of experts agree seeking to not fall into personal subjectivities the Fleiss
Kappa scale was used. For context 2, the questionnaire proposed and validated by
the Cronbach’s alpha is ideal. Thus, constructs were interpreted in the same way by
the researcher and the interviewees.

Internal Validity: is focused on establish a causal relationship, whereby certain condi-
tions are believed to lead to other conditions, in this case, how the participants were
selected. The knowledge and experience of participants about data mining could
influence the responses and perceptions when using the proposed solution. To avoid
this threat, the participants have a similar professional profile.

The External Validity: defines the domain to which the findings can be generalized.
in this case, selecting the sample of individuals who participated was made at con-
venience; for this reason, the results have to be analysed carefully because they are
not generalizable due to the specific requirements of each data mining technique.

The Conclusion Threat: demonstrates that the operations of the case of study such as
the data collection procedure can be repeated, with the same results, this threat is
avoid due to the use of general forms, the first one based on literate, and the second
one validated by the Cronbach’s alpha value. Moreover, the qualitative responses
were quantified using a Likert scale to avoid introducing interpretation bias.

5 Conclusions and Further Work

This paper in determine the relevance among features of surveys providing by active
ageing evaluation. In perspective of data scientists, the data mining techniques are fun-
damental to achieve a proper data evaluation identifying among features are strongly
associated with the topic discarding the others. Data recollected from different sources
in the psychological tests as mental, physical, social, policy health, and personal behav-
ior [21], these variables commonly are collected based by models proposed by the inter-
national organizations and according to the neuropsychologists perceptions [41].

The multiple data mining techniques for measuring variables have allowed creating
this method to rescue the most relevant variables among different data types, therefore,
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evaluating the relevance of these it is possible to focused on the proper variables for
active aging. Moreover, the proper techniques to analyze them into each data mining
process: Likert scale values treatment, listwise deletion or missing values imputation
for missing values dealing, standardized data discretization of continuous values, and
ordinal and label encoders for sociodemographic variables.

Then, according to the objective evaluation, a clustering technique could be used
as part of the analysis to split data in subgroups and then evaluate the features weight.
However, the use of clustering has to perform a performance evaluation of groups using
indicators or visual analytics to get the best precision in the generated groups, after
getting the results, we seek to report results seeking to apply different data mining
techniques to evaluate the features. The critical premise is to evidence the existence of
a target feature as predictor. According to the application case shown in Sect. 3.3.3, this
predictor allow to compare among features and rescue the most relevant. On the other
hand, when there is not a predictor, feature extraction techniques such as PCA can be
used although the original structure of features has to change. If the data analysts want
to maintain the original values among features, filter methods are candidates to execute
this task, the information measures will be generated by techniques such as correlation
or variance among the popular techniques.

In our application over the survey 618-Medication Audit, we detect 12 features are
independent among them, rescuing this features as the relevant to be interpreted by clin-
ical psychologists and gerontology experts. The evaluation of this method as a TAM is
positive among the experts. Further efforts are mainly centered on evaluate features
between the feature selection and the feature extraction techniques. The perspectives to
create this method are fundamental and were well received by experts who do not part
of the data science domain, this paper grants several tools and theoretical applications
of techniques over survey collected by active ageing evaluations. Based on these evi-
dences, it will be possible to detect the most relevant features among the surveys and
contrast them with the base proposal and its principles of ageing to verify the applica-
tion of the active proposal.
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