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Abstract Background: In Brazil, the federal government has developed a di-
gital platform for public health services, with state and municipal govern-
ments connecting their solutions to unify citizen registration. Objective: To
understand the phenomena involved, in order to provide recommendations
for the acceptance of digital technologies by low-income elderly people in
the context of smart cities. Method: The theory of the consolidated meta-a-
nalytic approach was used for a systematic bibliographic review. It is com-
plemented by case studies presented in a Design Postgraduate class, carried
out in collaboration between two Brazilian Federal Universities. Results:
Creation of recommendations in three categories within the framework of
human-centered design. Conclusions: This study identifies opportunities for
the development of products, services and public policies for the digital in-
clusion of low-income older people in the context of smart cities.
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Recomendagoes para a aceitagao de servigos publicos digitais por pessoas idosas com
baixa renda em cidades inteligentes com base no design centrado no ser humano
Resumo Contexto: No Brasil, o governo federal desenvolveu uma plataforma
digital para servigos de satide publica, com os governos estaduais e munici-
pais conectando suas solugdes para unificar o registro de cidadaos. Objetivo:
Compreender os fendmenos envolvidos no contexto apresentado, a fim de
fornecer recomendagdes para a aceitagdo de tecnologias digitais por idosos
de baixa renda no contexto de cidades inteligentes. Método: Utilizou-se a te-
oria da abordagem meta-analitica consolidada para uma revisio bibliografica
sistemdtica. Ela é complementada por estudos de caso apresentados em uma
turma de Pds-Graduagdo em Design, realizada em colaboragdo entre duas
Universidades Federais brasileiras. Resultados: Cria¢do de recomendagdes
em trés categorias no 4mbito do design centrado no ser humano. Conclusdes:
Este estudo identifica oportunidades para o desenvolvimento de produtos,
servigos e politicas publicas para a inclusio digital de idosos de baixa renda
no contexto das cidades inteligentes.

Palavras-chave Cidades inteligentes, Aceitacdo de tecnologias, Pessoas idosas, Design
centrado no humano, TEMAC.

Recomendaciones para la aceptacion de servicios piblicos digitales por parte de

ancianos con bajos ingresos en ciudades inteligentes mediante el diseio centrado

en el ser humano

Resumen En Brasil, el gobierno federal ha desarrollado una plataforma digital para

los servicios de salud publica, con los gobiernos estatales y municipales conectan-
do sus soluciones para unificar el registro de ciudadanos. Objetivo: Comprender los

fendmenos involucrados, con el fin de proporcionar recomendaciones para la acepta-
cién de las tecnologias digitales por parte de las personas mayores de bajos ingresos

en el contexto de las ciudades inteligentes. Método: Se utilizg la teoria del enfoque me-
ta-analitico consolidado para una revisién bibliogrdfica sistemdtica. Se complementa

con estudios de caso presentados en una clase de Postgrado en Disefio, realizada en

colaboracion entre dos Universidades Federales brasilefias. Resultados: Creacién de

recomendaciones en tres categorias en el marco del disefio centrado en el ser humano.
Conclusiones: Este estudio identifica oportunidades para el desarrollo de productos,
servicios y politicas publicas para la inclusién digital de las personas mayores de ba-
Jjos ingresos en el contexto de las ciudades inteligentes.

Palabras clave Ciudades inteligentes, Aceptacién de la tecnologia, Personas mayores, Dise-
fio centrado en el ser humano, TEMAC.
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Introduction

This study began with the authors’ concern about the issue of di-
gital inclusion for low-income older people, as there is a lack of equity, ac-
cessibility, and digital inclusion for these users in the face of the variety of
digital solutions that smart cities have incorporated.

Roy (2016), emphasizes that Smart Cities do not involve citizens in
the proposals for digital solutions, because they prioritize technological
aspects, neglecting the process of listening to local communities in the im-
plementation of public policies. Therefore, they are technocentric and not
humanocentric.

Mullick, Patnaik (2022) suggests that the marginalized and digitally
excluded have few rights to the Smart City, be it spatial, participation or
digital inclusion. In addition to education, family income, and age, cultural
and socioeconomic factors also contribute to digital exclusion. These need
to be addressed in order to embrace digital technologies in smart cities.

In this context, the question arises: How do smart cities address not
only technological efficiency and innovation, but also equity, accessibility
and inclusion requirements related to the social and structural conditions
of older and low-income people?

Norman (2023) extends the discussion of the concept of human-cen-
tered design to the level of humanity-centered design and seeks to answer
these questions. The author argues that it is necessary to take a deeper
perspective on ecosystems and populations in the long term with the focus
is on participatory design.

In this approach, designers should act as facilitators, designing so-
lutions with communities and not for them, taking into account the negati-
ve impacts on the planet and the survival of species, so that this would be a
way to make cities more humane, not only for this generation, but also for
future ones.

However, Gorichanaz (2024) criticizes human-centered design, ar-
guing that it is incoherent in several ways, including the fact that it doesn’t
show exactly how this approach can or should be implemented. The author
argues that the goal is to overcome the limitations of human-centered de-
sign and that more discussion is needed for its application.

Based on these arguments, the aim is to answer these questions by
looking at digital public services to identify the barriers to older people
adopting and interacting with these digital technologies.

We analyzed the case studies developed as part of the subject of-
fered in the Postgraduate Diploma in Design, carried out in collaboration
between the Federal University of Maranhdo and the Federal University
of Parand, through the inter-institutional project PROCAD - AM Creative
Communities and Local Knowledge. Its theme was Human-Centered Design
for Interactive Products, in order to identify convergences between the
theoretical basis and the practical application.

This inter-institutional project is a partnership between three Bra-
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zilian educational institutions: Federal University of Parand (UFPR), Fe-
deral University of Maranhdo (UFMA), Federal University of Minas Gerais
(UFMG), with a focus on design for low-income social and cultural contexts,
with emphasis on the mapping, analysis and development of processes and
products.

Human-centered design is an appropriate approach for the study
proposed here, as it aims to apply knowledge and techniques from usabili-
ty, human factors and ergonomics to improve the efficiency of systems by
focusing on users, their requirements and needs. In this way, the system
becomes more efficient and improves well-being, user satisfaction, accessi-
bility and sustainability, preventing or eliminating adverse effects of its use
in terms of health, safety and performance (ABNT, 2011).

Therefore, the study adopts a human-centered design (HCD) pers-
pective to understand the phenomena involved in making recommenda-
tions that can contribute to the acceptance of digital technologies by low-
-income elderly people, with the aim of making smart cities more humane
and inclusive.

Theoretical background

The theory of the consolidated meta-analytic approach (TCMA),
proposed by Mariano and Rocha (2017) for a systematic bibliographic re-
view (SBR), was used.

The Human-Centered Design (HCD)

Krippendorff (2000), notes that the focus on people came in the early
1950s, when mass-produced products with functionalist characteristics from
the industrial era were seen as consumer, information, and identity goods.

In this context, since the introduction of ISO 13407 "Human-centered
design processes for interactive systems” in 1999, ISO standards have been
developed to address the need to develop more usable interactive systems
with greater efficiency and effectiveness (ISO 13407, 1999). Over the years,
this standard has been updated and refocused, and today IS0 9241-210:2019
provides guidance on the relationship between usability and accessibility.
However, there is still a distinction to be made between user-centered design
and human-centered design (Ferreira, Venturelli, 2022).

The user-centered approach presents methods for solving prede-
termined and technical problems and fails to promote human interests. Its
socio-cultural and contextual aspects are not sufficient for designers to cre-
ate a human-centered system. To meet the human-centered perspective,
contextualization, problem identification and solution are essential. (Chaves;
Bittencourt; Taralli, 2013).

In this sense, IDEQ (2009) proposal is innovative and pragmatic, with
a focus on human-centered design (HCD). This version responded to a re-
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Figura 3. Representacdo inicial do es-
quema abstrato-visual
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quest from the Bill and Melinda Gates Foundation and was delivered in the
form of a toolkit. This model prioritized design around social innovation pro-
cesses consisting of 3 stages: listening, creating, and delivering. This appro-
ach has been validated in several poor communities in India, Africa and other
third world countries, making it an applicable methodology for low-income
contexts and communities.

According to Torcate et al. (2020), HCD has been widely applied in
the health field, allowing systems and products to become more efficient
and usable, with use ranging from the creation of useful tools that meet the
social and economic needs of those involved, to the creation of campaigns
to promote public health.

Human-Centered Design and its importance for smart cities

HCD is a methodology that infuses the entire spectrum of innova-
tion-related activities with human core values, according to Brown (2010).

Neumann et. al (2023) argue that it is essential to use human-cen-
tered and user-centered design approaches to develop digital solutions in
the context of smart cities. Solutions must be truly inclusive and accessible.

In the context of the elderly, especially those on low incomes, the
most relevant challenges are lack of familiarity with digital technologies,
security concerns, privacy, and accessible solutions. (Oliveira et al, 2022)

To overcome these barriers, it is recommended to create intuitive
and user-friendly interfaces, such as voice assistants, which can make it
easier for those unfamiliar with digital devices to use the technology. In
addition, transparency about the use and protection of personal data is es-
sential to gain users’ trust. (Neumann et al, 2023; Oliveira et al, 2022, Lemos,
2013).

Mullick e Patnaik (2022) argue that citizens have a right to a smart
city. They report on how India’s Ministry of Urban Development is appro-
aching the issue from the perspective that citizens have the right to ac-
cess and curate proposals for the technologies that will be implemented in
smart cities.

In this sense, it is possible to identify IDEO (2009) approach to HCD,
i.e. desirable, feasible and practicable design, when they state that smart ci-
ties include a wish list of infrastructures and services to satisfy citizens’ ne-
eds and aspirations for basic, sustainable infrastructures for quality of life.

Para Mullick, Patnaik (2022), The right to a smart city is linked to
several rights, including the right to housing, participation and empower-
ment. Other related rights, such as the right to information, freedom of
expression, culture, equality, autonomy, freedom to work, freedom of mo-
vement and the right to private property, must be respected. In this sense,
it is consistent with Krippendorff’s (2000) assertions that designers have
come to realize that products are not things, but social practices, preferen-
ces, and symbols.

According to Giacomin (2017), HCD has its roots in the semi-scienti-
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fic fields of ergonomics, computer science, and artificial intelligence, and is
based on techniques that communicate, interact, highlight, and stimulate
people’s involvement in order to gain an understanding of their desires,
needs, and experiences, usually beyond their own perception.

Use of digital public services by older people

One of the great revolutions in the smart cities and digital public
services scenario is mobility. Mobility is an evolution that aims to impro-
ve the delivery of public services through the use of mobile technology,
facilitating more effective interaction between governments and citizens,
promoting social inclusion and reducing the digital divide. (Mensah, Mwa-
kapesa, 2022).

Successful acceptance of mobile technologies requires a holistic
approach that considers not only technological innovation, but also the so-
cial, cultural, and psychological factors that influence how people adopt
and use these technologies. Understanding these factors is essential to the
development of services that not only meet technological needs, but are
also accessible, inclusive, and valued by users. (Mensah, Mwakapesa, 2022).

Venkatesh et al. (2003) brought together the basic elements of the
Unified Theory of Acceptance and Use of Technology (TUAUT), which aims
to understand the user’s intention to use a digital technology based on four
determinants: quality expectancy, effort expectancy, social influence, and
favorable conditions. Other factors, such as age, gender, and experience,
are considered moderators that can influence the relationship between
these determinants and the acceptance of digital technology.

According to Mensah and Mwakapesa (2022), the discussion on per-
ceived usefulness, trust and mobility can be linked to TUAUT, which analy-
zes how users perceive the benefits of using mobile technology and mobile
government. The authors argue that ease of use, expectation of effort, and
how it fits into different technological contexts are directly related to tech-
nology acceptance.

The analysis of each of these terms allows for a better understan-
ding of the four constructs of Venkatesh et al. (2003). Performance Expec-
tancy is one of the basic prerequisites for satisfaction. Effort Expectancy is
the sense of ease associated with using the technology. Social Influence is
the perception of how relevant other people think the technology is. Faci-
litating Conditions” is the user’s perception of the resources and support
available for using the technology.

Llorente, Sanchez e Vifiaras (2023) conducted a survey of 405 Spa-
nish Internet users between the ages of 60 and 79, with the goal of creating
a categorization of Internet users with a focus on e-commerce and e-gover-
nment.

The authors emphasize that age is a factor influencing digital exclu-
sion on three levels: older people have fewer resources (first level), lower
digital skills and engagement with the Internet (second level), and fewer
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physical benefits from using digital media in their lives (third level) com-
pared to younger users who benefit more from using digital technologies.

The author suggests that there is a need to develop strategies to
increase access, skills and perceptions of the benefits of Internet use among
older people in order to reduce their digital exclusion, as there are signi-
ficant differences in the level of digital literacy among older people, espe-
cially in the routine use of the Internet for online shopping and accessing
government services via the Internet. Many older people only use the in-
ternet for WhatsApp and email, showing a low level of adherence to digital
potential. (Llorente, Sdnchez, Vifiaras, 2023).

According to Shamsujjoha et al. (2024), there are shortcomings in
various e-health applications. Differences among users make them ineffec-
tive or inaccessible for some, especially those with low incomes. The au-
thors propose a development approach that incorporates human aspects
throughout the application lifecycle to create more efficient and inclusive
e-health solutions.

Wu, Huang e Zong (2023) emphasize the need to identify and un-
derstand the specific attributes of the interface that most influence the
behavioral intentions of the elderly, taking into account barriers such as:
lack of familiarity with digital technologies, unintuitive interfaces, and
complex operating procedures.

According to the authors, the rapid growth of the elderly popula-
tion is putting pressure on the creation of hospital and healthcare resour-
ces, as well as the need to integrate digital technologies to streamline work-
flows and improve the patient experience.

Methods

This study is characterized as mixed, being quantitative in its me-
thodological procedure of bibliographic review, qualitative and descriptive
in the phase of case studies and analysis of its results.

The study was carried out in two phases, a phase of systematic
bibliographic review (SBR) followed by case studies developed in the fra-
mework of a subject taught in the postgraduate programs of two universi-
ties, seeking a convergence between theory and practice. An adaptation of
the theory of the consolidated meta-analytic approach (TCMA) by Mariano
and Rocha (2017) is used to provide the theoretical framework. (Figure 1).

TCMA is an efficient quantitative method, based on criteria of aca-
demic rigor, that allows a systematic search and selection of studies and
an efficient synthesis to build a theoretical base. Table 1 shows the TCMA
protocol used in the study to create the theoretical framework (Mariano,
Rocha, 2017).
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Figure 1. Visual overview of TCMA method.
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Source The authors (2024) based on Mariano; Rocha

(2017)

Table 1. Summary literature review

protocol

Source The authors (2024)

BSR

N 1. PREPARATION FOR RESEARCH
) ) (BSR Protocol Board)

Exclusion
criteria
exclusion

2. DATA INTERRELATION
(Clustering with VOSviewer)

3. VALIDATION BY EVIDENCE
(Cluster Analysis)

4. THEORETICAL REFERENCE ADDED

Element

Attribution

Characterization of
the research

Quantitative in its methodological approach; qualitative in its
analysis and presentaton of results. Descriptive in the presentation
of the case studies.

Aims

On the basls of the theoretical framework and the case studies. to
make recommendations for the acceptance of digital technologies
by lower-income seniors in the contest of smart city.

Research scope

RBS: Scopus database; RBA: references cived in RBS articles,
referrals from other researchers and DCH students, smart cities
websites,

Research criteria

5frings defined; filter criteria: 5earch 1: "All Fields" without filters.
Search 2 with filters: Document type: Peer-reviewed artcles: S-year

period.
Criteria for Coes not meet the objectdves and criteria of the research:
exclusion duplicates.

Interrelabion of dam

Evolution of the bopic from year to year: the most cited works; the
authors who publish the most on the topic: the frequency of the
key words.

Evidence-bazed
validatian

Biblicmetric analvsis: coupling.

Software features

Wosviewer for building and visualizing bibliormetric networks and
identifying clusters by correlating data and validating evidence.
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Table 2. Search strings in the Scopus database
Source The authors (2024)

Figure 2. Student activities developed during
the class

Source The authors (2024)
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Scopus was used for the search. According to Vera-Baceta, Thelwall
and Kousha (2019), Scopus has a larger number of indexed documents. In
addition to the BSR, an Asystematic Bibliographic Review (ABR) was con-
ducted. According to Santos (2018), ABR is a common technique in design
research and can be conducted after the BSR as a strategy to find publi-
cations that did not pass the BSR filter. The search strings in Scopus are
described in Table 2.

Strings

1 "Smart cities" AND "Digital inclusion" AND Elderly
2 "Smartcities” AND "Acceptance of technologies" AND " Elderly
3 "Smartcities’ AND AND Elderly AND "Human-Centered Design

To ensure rigor in the collection and analysis of the documents
selected according to the BSR protocol, the VOSviewer software, version
1.6.20, was used for the interrelationship analysis and validation of the data
exported directly from the Scopus database, without any inference by the
researcher.

The case studies were developed as part of the human-centered de-
sign discipline with the analysis of healthcare applications, and sought to
determine whether the goals of digital and social inclusion were being met
with respect to the needs of an aging population (Figure 2).
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Table 3. Results of string search
Source The authors (2024)
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Students used the DCH iterative cycle process observed in NBR 9241
(ABNT, 2011) to analyze applications of public health services considering
the elderly user, performing activities related to the 4 (four) stages of the
cycle: (1) Understand and specify the context of use; (2) Specify user re-
quirements; (3) Produce design solutions that meet user requirements; (4)
Evaluate design solutions in relation to requirements.

Results

The results of each phase of the study will be provided below.

Results of BSR Protocol

strings 1" search Research Reading Reading Reading
criteria Filter 1 Filter 2 Filter 3

“Smart cities” AND "Digital 113 59 26 5 4

inclusion" AND Elderly

“Smart cities” AND 64 42 8 6 2

"Acceptance of technologies"

AND " Elderly

“Smart cities” AND Elderly 64 34 8 7 5

AND "Human-Centered

Design”

Filter 1 refers to reading the title and abstract, filter 2 refers to re-
ading the introduction and conclusion, and finally filter 3 is reading the
entire article when deciding whether or not to include it in the theoretical
framework.

Data Interrelationship and evidence validation

VosViewer software was used to correlate data and validate eviden-
ce by constructing and visualizing clusters of bibliometric networks.

The evolution of research topics from year to year, according to
search terms (Graph 1).

It can be seen that topics related to string 1 showed the greatest
growth. Strings 2 and 3 showed similar results. The table below highlights
the 3 most cited papers and the 3 authors who published the most on the
topic (coupling).

The first keyword map was created using general Scopus data wi-
thout a filter, showing the universe of topics found by the RBS protocol. The
goal was to get a broader overview of the topics in the search strings.

By analyzing the connections of each keyword to analyze each re-
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currence based on clustering with VOSviewer software. The latest themes
related to smart cities (Figure 4) are human-centered design. The fact that
this cluster is linked to the sustainable development cluster shows a trend
towards a more holistic vision and an awareness of and concern for the
ecosystem, referring to the concept of human-centered design.

Yearly evolution

40 36
28
30 24
20 18 . . 18
10 11 12
10 S 6 6
Graph 1. Year-to-year evolution of 0 [] . . .
the research topic 2019 2020 2021 2022 2023
Source Scopus (2024)
Category Publishing and Authors
3 most cited 1. The effects of trust on behavioral intention and use behavior within e-
articles government contexts. Authors: Hooda, A., Gupta, P., Jeyaraj, A.,

Giannakis, M., Dwivedi, Y.K (59 citations)

2. Pandemic management, citizens and the Indian Smart cities:
Reflections from the right to the smart city and the digital divide.
Authors: Mullick, M., Patnaik, A. (13 citations);

3. Review of the theory, principles, and design requirements of
human-centric Internet of Things (loT). Authors:Ystgaard, K.F., Atzori, L.,
Palma, D., Heegaard, P.E., Bertheussen, L.E., Jensen, M.R., De Moor. (12

citations).
3 Authors 1. Llorente-Barroso, Carmen (h-index 9) Universidad Complutense de
most Madrid - Espanha;
published on 2. Zhou, Siyu (h-index 5) Hangzhou Normal University Zhejiang - China;
Table 4. Relevant authors the topic. 3. Nguyen, Thi Xuan Hoa (h-index 1) School of Economics and

. 1 H
and articles management.Vietnam

Source The authors (2024)
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The “Technology Acceptance” group in Figure 5 to be related to the
topic of user experience, and the light color indicates a tendency to search
with that term.

Figure 5. Technology Acceptance keyword map

Source Scopus/ VOSviewer (2024)

Figure 6. Elderly keyword map

Source Scopus/ VOSviewer (2024)
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Figure 6 shows that the Elderly cluster is related to Human-Cente-
red Design.
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The color of the clusters assigned to Human-Centered Design in-
dicates the relevance and timeliness of addressing this topic. The light co-
lor predominates in all its branches, indicating its centrality in relation to
other clusters.

Figure 7. Human-centered design
keyword map

Source Scopus/ VOSviewer (2024)
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sma‘)me techiglogy

social igelation

Older articles tend to be cited more often, so their cluster may be
larger and darker because they are older. The size of the cluster is an indi-
cation of the recurrence of the term, and the lighter color of the cluster is
an indication of the timeliness and trend of research using that term.

Case Studies: Digital public health services in Brazil

In Brazil, various public services are delivered to the population
through applications at the federal, state and municipal levels, available
in a web version and apps for i0S and Android, based on the information
available in the National Health Data Network (Figure 8). The network data
aims to integrate and unify health services on a single digital platform, with
state and municipal governments linking their solutions to unify citizen
registration.
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Figure 8. Human-centered design keyword map
Source Adapted from BRASIL (2027)

The aim of the Ministry of Health is that, by 2028, the RNDS will be
recognized as the digital platform for innovation, information and health
services throughout Brazil.

Digital transformation and integration of HCD for elderly digital inclusion

Zhou et al. (2022) argue that digital transformation can be analyzed
using a framework that breaks down into three levels: macro (governance),
meso (services), and micro (technology), to provide a holistic approach ne-
cessary for effective and comprehensive digital transformation.

It is possible to correlate the digital transformation proposed by
Zhou et al. (2022) and the HCD (Figure 9) at three levels with respect to the
digital inclusion of older people.
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At the macro level, it highlights the importance of governments
and institutions managing digital transformation for the digital inclusion
of older people, providing a robust framework to support the transition to
accessible and efficient digital services.

At the meso level, the focus is on the design of services, which need
to be tailored to the specific needs of older people, ensuring that they are
accessible, understandable and useful to this age group.

At the micro level, the focus is on technical elements to simplify
interfaces, using methods adapted to the abilities and limitations of the
elderly, with constant updating and evaluation to ensure that technologies
remain relevant and accessible (Zhou et al., 2022).

In this sense, in the context of HCD, the input starts from listening
to the target audience in order to create solutions, services, environments
and products based on their priorities and needs, facilitating the acceptan-
ce of digital technologies.

DATJournal v.9n.2 2024



Recommendations for acceptance of digital public services by low- 256
income seniors in smart cities by human-centered design

Convergence of theory and practice: HCD in Public Health

The following are general considerations arising from the exerci-
se proposed in the course, since the detailed results of the studies will be
published by the respective students, authors of the research within the
framework of the course.

The first case study

The first case study analyzes the accessibility of a municipal public
health system app: The “Satide J4 Curitiba app”, with the aim of identifying
areas that need specific improvement, taking into account the needs of an
aging population. The app allows users to book their first appointment at
the municipal health center.

To access the service, the user must have an active registration with
e-citizen, which is a single registration with the municipality that allows
residents to use the digital services provided by the City Hall.

It was found that the interface needs many adaptations in terms
of digital accessibility guidelines, which is essential to ensure that older
people have equal access to digitized health services. This application is the
only way to access the appointment service, such as dental appointments.

The registration process proved to be a barrier and a critical point.
When the application is launched, the possibility of error, doubt, or com-
plex action, such as having to navigate to another system to perform or
complete an action, reduces accessibility and makes the application more
susceptible to blocking due to validation errors.

Analyzing the user’s journey through the application, especially for
critical tasks such as scheduling vaccinations and issuing certificates, it is
necessary to improve fluidity and simplicity, which can be achieved by re-
ducing the number of steps and taps on the screen, enlarging and simpli-
fying button labels.

This requires compliance with accessibility guidelines and interac-
tive testing with older people. These actions can help identify and correct
specific usability problems in the context of older people, taking into ac-
count the sensory losses associated with aging.

The results of the exercise suggest that it is necessary to invest in
teaching older people how to navigate and use its functionalities in order to
build a relationship of trust between the interface and older people. In ad-
dition, collecting post-use feedback will allow for continuous adjustments
based on real-life experiences, promoting a human-centered digital health
experience and increasing satisfaction and effectiveness for older people.

The findings suggest that human-centered approaches can be used
to develop more user-friendly interfaces that take into account this audien-
ce’s age and familiarity with technology.
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This approach is particularly relevant in creating healthcare appli-
cations that meet the specific needs of older people, such as readability,
navigability, and simplicity, increasing their satisfaction and consequently
providing a more effective.

We can see that the students’ findings support Harte et al. (2017),
who argue that an approach based on Human Centered Design (HCD) is ide-
al for improving the usability of applications for older people, as it involves
the study of their specific difficulties in practice and reveals opportunities
that can be addressed through interface design solutions.

The second case study

The second case study assessed an app designed for scheduling
appointments and exams at a University Hospital. The app aims to enhan-
ce and expedite healthcare for users of the Unified Health System (SUS)
by enabling them to schedule and monitor appointments and exams from
their cell phones and homes. (BRASIL, 2020).

In this case, the example is the application for scheduling return
appointments, inter consultations and examinations provided by HU-UF-
MA in the city of Sdo Luis, Maranh3o, Brazil. The app doesn’t allow to sche-
dule your first appointment, which can only be done in person at the city’s
appointment center. Registration is done within the app, where can follow
the four steps to manage appointments/exams: 1) request appointments/
tests, 2) confirm attendance at scheduled appointments or tests, 3) validate
scheduled/confirmed appointments and tests, and 4) track your appoint-
ment/test history (BRASIL, 2023).

Dissatisfaction was observed with the lack of service and feedback,
which are crucial elements for usability, as defined by the IS0 9241-210:2019
standard. This lack of communication leads to a negative experience, incre-
asing the feeling of anxiety due to the inability to complete tasks in the app.

The study pointed out that the application does not meet the expec-
tations of the elderly, especially with regard to the ease of communication
between patients and the healthcare providers, one of the essential func-
tions of such applications.

In general, it was noted that the intention to reduce the digital di-
vide of the elderly by bringing services to the “palm of their hand” does not
necessarily mean that the proposed solutions are efficient and effective.

Recommendations for the acceptance of digital public services.
The following are recommendations (Figure 10) for the acceptance

of digital technologies for use by low-income older adults by low-income
seniors from the perspective of HCD in smart cities.
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RECOMMENDATIONS LOW-INCOME SENIORS' ACCEPTAPTANCE OF DIGITAL SERVICES
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Figure 10. Recommendations categorized according

to HCD

A HUMAN-CENTERED APPROACH TO DESIGN

°Create a taxonomy of senior users for digital literacy;

°Provide security to build trust;

°Provide personalized, social, community support and assistance;

°Promote awareness of digital education, training in the social and age context
for advanced use of the internet by older people;

°Respect heterogeneity, promote positive social influence to reduce isolation and
digital ageism.

°Conduct a socio-demographic survey to identify digital needs.

°Provide specific policies and telecommunications services for the elderly;
°Promote universal access for active participation in the digital society;

°Create collaborative networks and promote inclusive governance;

°Create accessible funding strategies for assisted living;

°Provide free access to public Wi-Fi, smartphones and advanced mobile
technologies at affordable prices for the age group;

°Enable and promote partnerships with local organizations;

°Propose cultural actions using technology in context of the age and social group.

°Adopt a human-centered approach and avoid technocentric solutions.

°Extend telecommunications infrastructure to remote areas.

°Prioritize digital accessibility and usability for older people.

°Prioritize and ensure security to build trust with older people.

°Provide continuous feedback, updates and adaptation of technologies.

°Develop a relationship between technological, human and behavioral factors.
°Establish interaction and evaluation processes between developers and seniors.
°Develop age-specific guidelines.

°Create digital resources for basic health care for vulnerable older people.
°Promote digital support for independent living and the use of artificial intelligence.
°Promote interdisciplinary approaches to the delivery of mobile services.
°Simplify online interfaces for digital services useful for older people.
°Development of loT for the home - low-cost solutions for autonomy and privacy.

The list of recommendations has been divided into three categories

Source The authors (2024) aligned with the HCD, within the framework of desirable, economically via-
ble and technically feasible design, based on the analysis of the theoretical
reference and the case studies presented as a contribution to this study.

Final considerations

Based on the achieved results, three considerations were deemed

most relevant.

The concepts of interaction, acceptance, and acceptance of digital
technologies.

According to the Merriam-Webster dictionary, interaction refers to

the action that occurs when individuals, groups, or systems communicate,
relate, or engage in dialogue.
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The acceptance of technology begins with a person’s choice to ac-
quire it for various reasons, such as need or entertainment. Acceptance is
related to the perceived usability and usefulness of the technology (Li; Lu-
ximon, 2018).

The listed recommendations present the elements that make inte-
ractions friendly, usable, and useful from the perspective of older individu-
als. These aspects are delimited by the DCH based on the version presented
by IDEO (2009), including human, socio-economic, and technical aspects.

Contributions to equity, accessibility, and inclusion of low-income seniors in
smart cities.

There has been a proliferation of technological solutions to meet
human needs. However, these solutions do not always translate into care
for the elderly, particularly those with low incomes. This study provides re-
commendations that prioritize the needs of low-income seniors to facilitate
their acceptance of digital technologies.

These recommendations can be applied to the development of di-
gital services for this age group, ensuring that the solutions created are
practical, viable, and desirable. Additionally, this study makes a valuable
contribution to the field of design.

Convergences between theory and practice

By analyzing the case studies presented by the students of the class,
it was possible to compare the data show from the two institutions. One
located in the South of Brazil and the other in the Northeast, the results
represent two different Brazilian populations and social realities, however,
the problems are the same, as social and economic factors continue to af-
fect access to digital services, especially for low-income seniors, regardless
of location.

As a recommendation for future research, it is important to em-
phasize the need to evaluate these recommendations by applying them to
projects involving low-income seniors in the context of smart cities. The
recommendations based on Human Centered Design are a practical contri-
bution to the field of design, considering that designers and public mana-
gers can use the recommendations as a basis for digital product and service
projects aimed at the digital inclusion of low-income elderly people in the
context of smart cities.

Finally, it presents an example of inter-institutional collaborative
research between three Brazilian Federal Universities: UFPR, UFMA and
UFMG, which can generate solutions that integrate academia and society.
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