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Abstract

Background: Population aging underlines the critical need for improving health professional training to adequately care for
older adults (over 60 years old).

Objective: Develop and validate a serious game on older adult health for undergraduate nursing students.

Methods: This quantitative and descriptive methodological study, conducted between February and December 2023 at a public
university in the Federal District, involved the active participation of 27 8th-year undergraduate nursing students. The game,
'Unidade de Saúde em Foco' ('Health Unit in Focus'), was developed and validated with their input. It features 75 clinical cases
distributed across three themes: pharmacology, metabolic syndrome, and semiology. The application was validated using the
SUS, and the students' feedback.

Results: Of the 40 students initially enrolled, 27 completed the study. The game received an average SUS score of 85.75
(median: 86.57), classified as excellent—all evaluated items scored above 75. Participants considered the game easy to use,
accessible, practical, and rich in well-founded, useful content. This high usability score, coupled with the overwhelmingly
positive feedback from the students who found the game easy to use, accessible, practical, and rich in well-founded, useful
content, instills confidence in the game's effectiveness. Furthermore, 100% of students agreed that learning through games is
effective and expressed interest in incorporating more interactive games into their training.

Conclusions: The Serious Game' Unidade de Saúde em Foco' ('Health Unit in Focus') is not just a valid and reliable tool for
training nursing students, but also an engaging and interactive approach to learning. Its ability to captivate and involve students
in the learning process is a testament to its potential to revolutionize nursing education.
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Original Paper

Designing and validating ‘Health Unit in Focus’: a serious game
for enhancing undergraduate education on older adults’ health 

Abstract

Background: Population  aging  underlines  the  critical  need  for  improving  health  professional
training  to  adequately  care  for  adults  over  60.  Developing  educational  resources  to  support
academics  and professionals  presents  a  valuable opportunity to  enhance understanding of  health
conditions  and  improve  clinical  management.  Serious  games  are  designed  to  develop  teaching,
training, and learning skills. Their use in the educational setting is warranted, as they integrate digital
aspects and gamification to create a playful content acquisition experience. Deepening this theme in
nursing education will improve assistance to the older adult population, promoting more qualified
care based on gerontological practices and comprehensive health care for older adults.  Objective:
Develop  and  validate  a  serious  game  on  older  adult  health  for  undergraduate  nursing  students.
Methods: This quantitative and descriptive methodological study, conducted between February and
December 2023 at a public university in the Federal District, involved the active participation of 27,
8th to 10th semester undergraduate nursing students. The game, 'Health Unit in Focus', was developed
and  validated  with  their  input.  It  features  75  clinical  cases  distributed  across  three  themes:
pharmacology,  metabolic  syndrome,  and  semiology.  Of  the  40  students  initially  enrolled,  27
completed the study. The application was validated using the System Usability Scale (SUS),  the
students' feedback, and reported according to the recommendations of the Game-Based Intervention
Reporting Guidelines.  Results: The participants had a mean age of 22.67 years (SD 1.44), were
mostly female (74.1%) and were in their 8th semester (96.3%). The game received an average SUS
score  of  85.75  (median:  86.57),  classified  as  excellent—all  evaluated  items  scored  above  75.
Participants considered the game easy to use, accessible, practical, and rich in well-founded, useful
content.  This  high usability  score,  coupled with  the overwhelmingly  positive  feedback from the
students, instills confidence in the game's effectiveness. Furthermore, 100% of students agreed that
learning through games is effective and expressed interest in incorporating more interactive games
into their training.  The  'Health Unit in Focus' serious game showed good usability, as the overall
score was 'excellent' with its highest score in the odd-numbered items that deal with the positive
aspects found in the analysis. Conclusions:  The Serious Game 'Health Unit in Focus' is not just a
valid and reliable tool for training nursing students, but also an engaging and interactive approach to
learning. Its ability to captivate and involve students in the learning process is a testament to its
potential  to  revolutionize  nursing  education.  It  is  essential  that  the  development  of  new
methodological  resources,  such  as  Serious  Games,  be  based  on  scientific  evidence  in  order  to
guarantee greater reliability and success in their established objectives. 
Keywords:   Serious Games; Nursing Education; Aged; Games, Experimental.

Introduction

On the world stage,  the health  concerns  of  older  adults  (over  60 years old)  have gained
notoriety driven by population aging and the epidemiological transition. This transition reflects a
shift in the pattern of mortality and disease, with a growing prevalence of chronic non-communicable
diseases in older age groups [1].  United Nations data shows a threefold increase in older adults
between 1980 and 2022. By 2023, this demographic should number 994 million, accounting for 12%
of  the  global  population.  Over  the  next  three  decades,  the  older  adult  population  worldwide  is
projected to more than double, reaching over 1.5 billion people by mid-century [2].
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Under  these  circumstances,  health  practices  should  prioritize  promoting  active  aging  by
enhancing quality of life, supporting health maintenance, and preventing disease [3]. In the 2000s,
the  World  Health  Organization  (WHO)  introduced  'active  aging'  policies  that  addressed  various
determinants, including health, social, and economic factors, while also emphasizing the need for
adequately trained professionals to support and assist this population [4].  

In  this  sense,  developing  educational  resources  to  support  academics  and  professionals
presents a valuable opportunity to enhance understanding of health conditions and improve clinical
management. These resources can take various forms—such as guides, brochures, applications, and
games—providing information that can effectively optimize the teaching-learning process in health
[5].

Serious games are designed to develop teaching, training, and learning skills, with the first
records dating back to the 1970s [6]. These days, they are most typically employed in digital games,
although they can also be utilized in physical games. Their use in the educational setting is warranted
since they integrate digital aspects and gamification to create a playful content acquisition experience
[7]. In recent years, they have been widely applied in health education [8,9].

One  study  compared  the  effects  of  traditional  lectures  with  a  serious  game  on  nursing
students'  knowledge  and  skills  in  assessing  burn  patients,  finding  a  significant  improvement  in
educational outcomes for those engaged with the game [10]. Similarly, another study explored the
effects of using a serious game in a home environment, reporting an enhancement in theoretical
knowledge related to the game's central theme [11].

This  study  introduces  a  novel  approach  to  teaching  issues  related  to  older  adult  health
conditions commonly encountered in primary healthcare. The serious game, designed for any mobile
device, offers content tailored to the target population and is adaptable to students' daily lives. At the
time of this research,  our game was the only application identified that integrated these specific
characteristics, making it a unique and potentially impactful tool in nursing education. 

Deepening  this  theme  in  nursing  education  will  improve  assistance  to  the  older  adult
population,  promoting more qualified care based on gerontological  practices  and comprehensive
health care for older adults.

Once developed and validated, a serious learning game focused on the health of older adults
with  chronic  non-communicable  diseases  could  be  a  strategic  tool  for  promoting  independent
learning among students.  Building  on this  potential  for  self-directed learning,  the  present  study,
rooted in methodological development research, aims to create and validate a Serious Game on older
adults' health for undergraduate nursing students.

Methods

Study development and population 

This methodological development study, with a quantitative and descriptive approach, was
designed at a public university in the Federal District between February and December 2023 and
reported according to the recommendations of the Game-Based Intervention Reporting Guidelines
(GAMING) [12]. The stages proposed by Jaffe [13] were used for construction, describing the stages
of construction, testing, and validation of the game, as shown in Figure 1.

Figure 1- Stages of game construction.
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In  stage  1,  the  game's  objectives,  educational  aims,  content,  and problematizations  were
established. For stage 2, the context in which students would use the theme was surveyed. In stage 3,
the competitive aspects were adjusted to the application's proposal, as it is a single-player game. For
the rules, stage 4, a 'help' tab was set up with all the rules and guidelines. Step 5 was aimed at
integrating the gamification aspects. Step 6, immediate feedback, was included immediately after the
participants' responses.

In  stage  7,  the  researchers  of  this  study  analyzed  and  carefully  studied  such  variables,
especially because they were inserted within the academic context of the population. For evaluation,
in  step  8,  the  study  followed  a  pilot  test  with  13  undergraduate  students  with  the  minimum
knowledge requirements for game use. All participants were enrolled in a discipline that dealt with
aging  in  health.  In  the  last  step,  the  support  team  adjusted  the  notes  from  the  previous  step
evaluation. 

The themes included in the Serious Game were developed based on the needs of nursing
undergraduates, focusing on areas of older adults' health where students faced the greatest difficulty
or expressed the most interest in deepening their knowledge. This step of assessing students' needs
had already been conducted previously.  The game incorporates 75 clinical cases, with 25 cases for
each theme: pharmacology, metabolic syndrome, and semiology as applied to older adults' health,
Multimedia Appendix 1. All clinical cases were submitted for validation by expert judges in previous
works.

The cases were built and validated by experts on older adult health topics. All cases have a
contextualization  and  true-or-false  affirmative  on  the  subject,  which  was  defined  from  more
prevalent themes in the clinical context of each older adult health topic.

Sample
After the Serious Game application was fully developed, its usability was evaluated by 8th-

semester undergraduate nursing students at a public university. The initial sample consisted of 40
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enrolled students, of which 13 were excluded (10 for not attending, 2 for withdrawing from the
course during collection and 1 for dropping out during the validation process), resulting in 27 final
participants. it is assumed at a 95% confidence level that at least 70% of the experts will classify the
item as appropriate. The calculation would be n = 1.962 * 0.85 * 0.15/0.152 = 22 students [14].  To
detect effect sizes of 0.85 with an α level of .05 and a power of 95%, a sample size of 22 participants
was required.  Considering the likelihood of participant dropout or ineligibility,  we increased our
target sample size to 27 participants. Although sample size calculations ensured adequate statistical
power, future multi-center studies are recommended to strengthen external validity and account for
institutional and regional educational variations.

Data Collections Tools 
Prior to the moment of validation, students responded to the characterization questionnaire

with information such as age, sex, semester, education, year of entry into the current degree, whether
they participate or have participated in scientific initiation, already have experience with educational
technologies, like games, think it is possible to learn through games and frequency of using games on
mobile. The scale used for this validation was the System Usability Scale (SUS) [15]. The SUS and
Educational  Games  Evaluation  Scale  were  selected  for  their  demonstrated  reliability,  ease  of
interpretation, and extensive validation within educational technology research contexts.

This scale assesses the user's degree of agreement using a Likert scale, ranging from 'totally
agree' to 'totally disagree.' The final score is calculated by summing the individual contributions of
each item. For even-numbered items, subtract the user’s response from five (5 - user's response); for
odd-numbered items, subtract one from the user’s response (user's response - 1). The resulting values
are then added and multiplied by 2.5, yielding a 'user satisfaction index' ranging from 0 to 100. The
score is classified as follows: worst imaginable (0-20.5), poor (21-38.5), average (39-52.5), good
(53-73.5), excellent (74-85.5), and best imaginable (86-100). The system can be further classified
based on the following categories: ease of memorization (item 2), ease of comprehension (items 3, 4,
7,  and  10),  system  efficiency  (items  5,  6,  and  8),  user  satisfaction  (items  1,  4,  and  9),  and
identification  of  inconsistencies  (item 6)  [16,17].  This  instrument  was  printed  and  delivered  to
participants.

To evaluate the Serious Game, the ‘Educational Games Evaluation Scale’ scale was used to
evaluate  the  game quality  proposed  by  Savi  [18].  It  has  evaluation  in  three  main  components:
motivation (10 questions), user experience (16 questions), and learning (3 questions), totaling 29
items. The answering scale is a 5-point Likert-like response scale.

Statistical Analysis 

Data from the answers database were processed and analyzed using the Statistical Package
for the Social Science (SPSS), version 20.0. Statistical tests were conducted as necessary, with p-
values  <0.05  considered  statistically  significant.  The  Shapiro-Wilk  test  was  applied  to  analyze
normality, after evaluation it was considered within normality. Content validity was evaluated based
on the questions' relevance, purpose, and clarity of the information.  Reliability was calculated by
Cronbach's alpha index, which estimates the questionnaire items' internal consistency [19]. 

The Likert-type scales have the following configurations: judgments with responses 1 and 2
characterize total disagreement and disagreement with the statement, respectively. Judgment with
response 3 in the answers characterizes indecision; the student neither agrees nor disagrees with the
statement.  Meanwhile,  judgments  with  responses  4 and 5 characterize  agreement  with  and total
agreement with the statement, respectively.
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Ethical considerations

This  study was rigorously designed and implemented following the ethical  guidelines
established by the Declaration of Helsinki, with ethical approval granted by the Research Ethics
Committee of the Faculty of Ceilândia at the University of Brasília (UnB/FCe), under protocol
number  5.237.938.  Participants  engaged  actively  by  downloading  their  match  data  and
submitting it securely through the university's educational e-platform. This platform provided
a  protected  digital  storage  area  exclusively  accessible  to  the  research  team,  ensuring
participant confidentiality.

Prior  to  enrollment,  all  potential  participants  received  clear,  detailed  explanations
concerning the study’s purpose, methods, and procedures, as well as the specific types of data
to be collected. Voluntary informed consent was systematically obtained in written form from
each participant, emphasizing their autonomy and freedom to withdraw from the research at
any point without any repercussions or adverse outcomes.

To  protect  the  participants’  right  to  privacy,  personal  identifiers  were  safeguarded  in
secure, password-protected digital files. During data analysis and the reporting of results, only
anonymized  or  pseudonymized  information  was  used.  Specifically,  each  nursing  student
participant was assigned a unique numeric identifier according to the sequential order of their
questionnaire submissions, ensuring complete anonymity throughout the research process.

Participants received no financial incentives for their involvement, aligning with ethical
standards  promoting  voluntary,  unbiased  participation.  Additionally,  considerable  care  was
taken  to  prevent  any  potential  identification  through  the  publication  or  supplementary
materials  associated  with  this  study.  In  instances  where  the  use  of  potentially  identifiable
images was unavoidable, explicit written consent was obtained from the concerned individuals.
However,  no  identifiable  images  were  ultimately  included  in  the  present  paper  or  its
supplementary  documentation,  thereby  reinforcing  the  commitment  to  participants’
confidentiality and ethical research conduct.

Results

Serious Game – ‘Health Unit in Focus’

This study's final product is a Serious Game application called 'Health Unit in Focus' (HUF)
for mobile devices. HUF is a single-player question-and-answer game composed of clinical cases
with online and offline functionality. On its home screen are fields for login and password if the user
is already registered and a field for creating a new account.

Also, on its home screen, the player can access the game’s established area: pharmacy for
pharmacology cases; laboratory for metabolic syndrome; and consulting room for semiology.  The
player can also consult solved cases and other players' achievements in the archive and secretary
areas. Furthermore,  a  help  tab  provides  information  on  game  areas,  how to  play,  emergencies,
content review, achievements, and profiles.

Upon entering the game area, participants must respond to a clinical case on their chosen
topic. These cases are categorized as easy, medium, or difficult, and participants must complete the
initial  levels  to  advance  to  more  challenging  ones.  Immediate  feedback  is  provided  after  each
response,  explaining the correct  answer.  Emergency scenarios will  also appear during gameplay,
requiring the participant to respond within 60 seconds. Figure 2 presents some of the tabs from the
HUF application.

Figure 2- Tabs of the 'Health Unit in Focus’ application. 
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Stages in the construction of the Serious Game

The game's scenarios focus on older adults'  health issues within the Primary Health Care
(PHC) context,  combining technological resources with gamification and innovation to create an
engaging and effective learning experience [20].

Stage 1—Developing and describing the game's specific objectives. According to Jaffe [13],
developing an educational game requires determining the content, problematizing it, and setting clear
objectives  to  achieve  that  align  with  the  context.  That  said,  the  objectives  of  the  app focus  on
consulting specific knowledge related to the health of older adults in clinical contexts within PHC by
solving  problematizing  content  related  to  pharmacology,  chronic  non-communicable  diseases
(metabolic syndrome), and semiology. 

The  game  development  explicitly  integrated  pedagogical  theories  such  as  experiential
learning and self-directed learning to ensure that clinical cases and interactive elements facilitated
deeper cognitive engagement and autonomous knowledge construction. 

Stage  2—The  context  is  inserted  (Contextual  Integration).  This  Serious  Game  model  is
intended for  use  by undergraduate  nursing  students  in  their  final  graduation  periods.  Stage  3—
Competitive space. As a single-player game, HUF includes a feature that allows users to compare
their achievements, introducing an element of competition. Stage 4—Defining the game rules. The
game includes detailed rules descriptions, gameplay mechanics, game areas, content review, and how
to earn new achievements. Immediate feedback and emergency scenarios were purposefully designed
to  replicate  clinical  decision-making urgency and foster  real-time critical  thinking skills  directly
related to clinical practice. 

Stage  5—Fun.  Gamification  aspects  commonly  seen  in  games  and  applications  were
incorporated to enhance engagement [21]. Stage 6—Immediate feedback. Upon evaluating a clinical
case and selecting a response, the user receives immediate feedback on the success or failure of their
choice. Stage 7—Meeting the needs of the participants. The themes in HUF are designed to address
the target audience's needs,  considering factors such as age, gender,  culture, and academic level.
Stages 8 and 9—Testing and evaluation mechanisms. This research involves testing the application
prototype and assessing its usability with undergraduate nursing students. 
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During Stage 8 and 9 performances, 13 undergraduate nursing students, with an average age
of 22 and predominantly female (69.2%), participated in the study. Their profile closely matched the
final target audience. At the time, students assessed the game’s quality using a Savi [18] developed
scale divided into three categories: motivation, user experience, and learning. The results indicate
that most statements received a satisfactory average in student evaluations, suggesting that the game
can be effectively used as an educational tool based on the evaluated points, Multimedia appendix 2
[Responses to the educational games evaluation model].

Four items positively highlighted the motivation and user experience categories, with average
ratings of 4.6 and 4.8, respectively. These items pertain to the game’s relevance, recommendation to
friends, interest in playing again, and ease of learning. The learning domain also stood out, with high
averages in two of its three items. These statements focus on the game’s contribution to knowledge
and its efficiency in learning.

Usability validation (sample)

The sample that  validated the game's usability closely matches the desired profile  of the
Serious Game's end users. It comprised 27 undergraduate nursing students, primarily women. with an
average age of 2266, all in the eighth semester of their undergraduate degree. The average age was
22.66 years (SD = 1.44), with values varying between 21 and 27 years (min and max).

The need for  digital  literacy  was not  a  concern  for  these  researchers,  since  the  students
already had previous experience of using digital platforms in previous subjects, such as Mentimeter
and Kahoot, among others. This academic profile demonstrates previous familiarity with educational
technologies, which makes it easier to adapt to and interact with new digital tools in the teaching-
learning context.

Although participants generally  possessed adequate digital  literacy from prior educational
experiences,  variability  in  digital  proficiency  levels  could  influence  engagement  and  game
effectiveness, which should be considered when generalizing results.

The participants  unanimously  agreed on the  value  of  incorporating  games into  academic
training and recognized the potential for learning through games (Table 1).  The students employed
the application before they were in contact with their practice scenarios (supervised internship).

Students could download the application through a QR Code, which optimized its access. The
game takes  approximately  35  minutes,  so  the  researchers  timed  the  students  for  40  minutes  to
complete the task.

Table 1 - User characteristics of the usability test participants (n=27). 

   n  % 

Biological sex 
Female  20  74.1 

Male 7  25.9 

Semester 
8th  26  96.3 

10th  1  3.7 

Other experiences with ETa
Yes 16  59.3 

No  11  40.7 

Do you like games?

Yes, I like it a lot 18  66.7 

Yes, I like it a little 9  33.3 

I don't like it 0  0.0 

Do you think it is possible to Yes 27  100.0 
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learn through games? No  0  0.0 
Would  you  like  to  include
interactive  games  during
your undergraduate course?

Yes 27  100.0 

No  0  0.0 
aET: Educational Technology.

Validation
Based on the degree of agreement with the items evaluated using the SUS, which focused on

assessing the suitability of the Serious Game as an educational tool on issues related to older adults'
health, the participants found the game easy to use, accessible, practical with well-founded content
and Useful. The final score was 85.75, considered excellent, with a median of 86.57. All the other
items scored above 75, with a Cronbach's alpha of 0.755 (Graph 1).

Graph 1- Evaluation of 'Health Unit in Focus'- HUF application's items using the System Usability Scale.

The items evaluated by SUS have specific usability characteristics with relevant meanings.
Their scores have value intervals between 0 and 100 points to help quantify and qualify them, thus
demonstrating software quality (Table 2). The score is classified as follows: worst imaginable (0-
20.5), poor (21-38.5), average (39-52.5), good (53-73.5), excellent (74-85.5), and best imaginable
(86-100).

Table 2 - Characterization of the usability of the 'Health Unit in Focus'- HUF application evaluated by SUS (n=27). 

Usability characteristic Median Meaning
Ease of learning

89.34
Easy-to-understand

Efficiency
84.25

Agility in executing proposed tasks

Inconstancy
75.92

Absence or low number of errors

Ease of memorization
87.03

Easy-to-use system even after a period of inactivity

Satisfaction
86.11

Pleasant design

Total
84.53

Excellent
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Based on individual participant responses, the Serious Game's average usability value most
frequently fell within the 86–100 range on a scale from worst imaginable to best imaginable (Table
3).

Table  3  - System  Usability  Scale  (SUS)'s  categorization  and  classification  of  'Health  Unit  in  Focus' -  HUF
application usability (n=27). 

Categorization Scale 
Frequency

SUS classification
n %

0 - 20.5 0 0.0 Worst imaginable

21 - 38.5 0 0.0 Poor

39 - 52.5 1 3.7 Average

53 - 73.5 2 7.4 Good

74 - 85.5 9 33.3 Excellent

86 - 100 15 55.6 Best imaginable

Discussion

Principal Results

Noting  the  satisfactory  performance  of  educational  technologies  in  the  teaching-learning
process is a reality of modern times, especially in the health educational scenario. This performance
can  be  substantiated  by  its  scope,  which  is  focused  on  personal,  technical,  and  theoretical
development supported by a playful and fun process. In addition to this, these technologies optimize
time, work, and even healthcare. During the training process, they can be used to prepare students for
the field since clinical practice already uses several mobile technologies [22].

The development of the 'Health Unit in Focus'- HUF serious game intends to facilitate access
to everyday content  on older adults'  health playfully and interactively,  and the target  population
validated it. The conditions added to this application describe possible clinical cases that appear daily
in a nursing professional's routine and are sometimes not covered in traditional classes. In this way,
students may be more aware of how to approach these cases.

While results indicate strong usability and satisfaction within this specific academic setting,
replication in diverse educational contexts, particularly those with varying degrees of technological
infrastructure and student digital literacy, is essential for broader applicability.

It is essential that the development of new methodological resources, such as serious games,
be based on scientific evidence to ensure greater reliability and success in their established objectives
[23]. Studies show that educational games tend to achieve good results using standardized methods
to meet educational demands [24,25]. Therefore, this study sought references previously used in the
literature to construct and validate the HUF application [13,15].

Technological resources such as Serious Games must arouse students' interest, be compatible
with their needs, and suit (adapt to) their cognitive style. In this way, this technology can foster
knowledge  formation  [26].  The  HUF was  developed  based  on  feedback  from nursing  students,
giving prominence to their most challenging subjects. We therefore sought to meet the needs of this
audience.

Technologies should be engaging and enjoyable in addition to meeting user expectations.
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Combining leisure with involvement in the clinical context and acquiring new knowledge are key
gamification aspects and have been recognized as essential elements of a fun experience [27]. The
proposed  Serious  Game  incorporates  these  aspects,  offering  features  like  totems,  trophies,  and
opportunities for advancement and new achievements.

This  approach  demonstrates  how  technological  resources  facilitate  the  integration  of
theoretical aspects, practical daily-life routines, and student accessibility [9].

Usability evaluation guarantees a system's ease, suitability, and rapid learning in handling
while seeking to minimize operational errors. Therefore, usability evaluation seeks greater efficiency
and safety (security) in implementing such systems, making the user experience more pleasant [28].

According  to  Brooke's  [29]  findings,  the  aspects  evaluated  in  the  SUS are  considered  a
reliable and robust evaluation tool with a high degree of validity.  They are essential  for a good
software result, covering a range of system aspects such as complexity, need for support, interface,
and others.  

Regarding these aspects, the HUF serious game demonstrated good usability, as the overall
score was considered excellent. HUF's highest score was in the odd-numbered items that deal with
positive aspects found in the analysis. Other findings present a variation in usability between 78.8
and 88.2 among young students [30–32].

There is a constant growth in the use of serious games as a learning tool in the health sector.
These digital games, developed for educational purposes as well as entertainment, have been widely
used to improve the theoretical and practical knowledge of students and health professionals. Several
studies have shown that serious games can improve knowledge retention, the development of clinical
skills  and  decision-making,  making  them  a  promising  pedagogical  resource  for  training  more
prepared and qualified professionals [33,34].

The System Usability Scale (SUS) is a widely adopted tool for measuring the usability of
various software and hardware products. However, its original conception was not specifically aimed
at evaluating mobile applications.  However,  studies have shown its  effective use with promising
results [35,36]. 

A study carried out in Brazil evaluated the usability of a digital tool using SUS. The authors
presented usability results  measuring 75 [37]. Another study carried out in Germany validated a
virtual reality serious game for patients. The SUS results showed a final score of 86.9 [38]. These
studies are in line with the findings described in this manuscript.

The  scale  used  also  allows  for  assessing  user  satisfaction,  which  is  considered  a  key
component of usability [29]. The HUF reflects high user satisfaction with a score above 86 on items
1, 4, and 9, which permits this assessment. Studies show that using serious games produces results
associated with high satisfaction rates [39–41].

The  modern  scenario  involves  technologies  in  the  daily  lives  of  the  entire  population,
especially  young people and adults.  This involvement  has brought new needs and challenges  to
producing relevant and acceptable educational products. In this sense, the researcher must be able to
transform knowledge into attractive, coherent, and intriguing products for the user [42]. According to
the participants' evaluation, HUF proved to be a pleasant and easy-to-use system with low errors.

Integrating innovative tools and strategies into education and training is not novel. However,
combining  new  dynamic  and  interactive  approaches  is  critical  for  enhancing  learning  [43].  In
addition to the educational/training process,  technological advancements have resulted in higher-
quality nursing care in a variety of contexts [44–46].

Games,  especially  Serious  Games,  are  advantageous  for  undergraduate  health  courses,
positively impacting student motivation and satisfaction. As educators, teachers should be attentive
to complementing learning methods with resources such as games as long as they are reliable and
validated [47]. Notably, the HUF serious game has reliable internal consistency and is appropriately
validated.
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Limitations

This  study  has  several  limitations.  The  application  usage  time  was
approximately 40 minutes, which could limit its depth if not integrated into the
participants'  regular  academic  routine.  Immediate  access  also  depended  on  a
stable internet connection or prior download.  The small sample size and the fact
that it was conducted with students in a single centre can be given as limitations.
The  study  did  not  include  pre-  or  post-testing  or  comparisons  with  other
instructional formats. Since no other studies have addressed this topic to date, the
potential influence of the novelty effect on the results remains unexplored. Lastly,
functional  technical  limitations,  such  as  the  lack  of  communication  between
synchronous players, may have influenced the outcomes. 

Future  studies  should  incorporate  longitudinal  designs,  multi-center  participation,  and
comparative  evaluations  against  traditional  and  alternative  digital  education  formats  to  better
evaluate long-term effectiveness and transferability of learned skills

Conclusions

In the current scenario, characterized by rapid technological advancements and easy access to
information, the challenge of enhancing the educational process, particularly in the health sector, is
significant. Creating new technological tools aligned with the target audience's needs can contribute
to a better  learning process.  HUF serious game was validated with undergraduate students, with
promising results for its  use and replication in similar contexts. Furthermore, HUF features easy
access to information, a user-approved interface, and content relevant to older adults' health, making
it a valuable educational resource.
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Multimedia Appendix

Multimedia Appendix 1

Questions  

1   Mr. Carlos,  64 years  old,  has long-term metabolic syndrome and insulin resistance.  He makes daily  and
continuous use of insulin, which can cause adverse effects such as insulin lipodystrophy. This condition is
characterized by fibrous and little vascularized lesions in subcutaneous adipose tissue. This case is RIGHT or
WRONG. 

2   Estela has diabetes and uses insulin continuously and regularly at home. When necessary, the concomitant
administration of the two types of insulin was oriented so that it would first be aspirated to NPH insulin and
then regular. This case is RIGHT or WRONG.  

3   David, 58, has diabetes and continuously uses insulin. As usual, he went to the Basic Health Unit (UBS) to
seek his continuous medications. Upon checking the medical record, the team verified the prescription of 12
regular human insulin units (applied between 30 and 45 minutes before meals start) subcutaneously twice
daily. The unit has insulin 100 IU/ml in 5 ml vials. David will receive two vials to use at home for a thirty-day
treatment. This case is RIGHT or WRONG.

4   Betina, 67, recently lost her mother due to complications from type 2 diabetes. Following this incident, she
resolved to take care of herself, requesting routine tests and consulting with health professionals. One of her
worries was the occurrence of diabetes and other chronic nontransmittable diseases due to inheritance.
During the consultation, it was stated that the factors contributing to these syndromes' pathogenesis are
exclusively acquired; that is, they are only related to the person's lifestyle. This case is RIGHT or WRONG. 

5   Mariana, a 58-year-old obese woman, was diagnosed with metabolic syndrome (7 years ago) and diabetes (2
years  ago).  The  accumulation  of  these  clinical  health  conditions  impacts  her  social,  physiological,  and
endocrine context. Nevertheless, her inflammatory parameter, as measured by PCR examination (0.3 - 1),
remains unchanged. Thus, activation of the inflammatory process is unrelated to the clinical conditions of
metabolic syndrome, obesity, and diabetes. This case is RIGHT or WRONG.  

6   Gabriela, 68, is a widow who has been hypertensive for more than a decade. She underwent an elective
surgical procedure and, during preoperative hospitalization, found that she possessed the correct number of
components  required  for  metabolic  syndrome  diagnosis.  The  Surgical  Center’s  multi-professional  team
clarified the existing risks of metabolic syndrome and systemic arterial hypertension, which could happen
during the procedure. Therefore, the risk of mortality due to hypertension is independent, even though it is
one of the components of metabolic syndrome. This case is RIGHT or WRONG. 

7   Valter, 68, has had high blood pressure for a long time and is being monitored at the Basic Health Unit near
his home. Upon arriving at the unit, he was told that his vital signs would be checked. When measuring
blood pressure, the patient’s positioning and behavior are essential to avoid interfering with the result. The
health professional must verify the following information: the patient’s bladder is not full; the patient has
not consumed coffee, alcoholic beverages, or food before the measurement; the patient has not exercised in
the last 60 minutes and has not smoked in the last 30 minutes. Regarding the information checked, this case
is RIGHT or WRONG.  

8   Flávia, a 72-year-old black woman with grade II obesity and a history of systemic arterial hypertension, was
admitted to the hospital emergency department with epigastric pain and dyspnea on mild exertion. As part
of the initial care, an electrocardiogram was requested. To perform this exam, the healthcare professional
must have prior knowledge of the cardiac foci, which are aortic, pulmonary, tricuspid, valvular, and mitral
foci. Regarding the cardiac foci, this case is RIGHT or WRONG. 

9    Insulin  resistance  is  one  component  of  Metabolic  Syndrome.  It  is  known  that  isolated  factors  do  not
accurately diagnose the syndrome; rather, a combination of these factors is necessary. IInsulin resistance
predisposes individuals to the onset of hypertension, which develops from the impairment of the venous
network and its vasodilatory and vasoconstrictive action. This case is RIGHT or WRONG. 

10   Rafaela, a 69-year-old woman with a family history of chronic diseases, lost her parents to complications
from Systemic Arterial  Hypertension.  Aware of  her risk factors,  she decided to change her  routine and
lifestyle habits. Her transformation included monitoring by a health professional who could guide her eating
habits. Measures such as low intake of saturated fats, trans fats, cholesterol, sodium, and sugars are part of
essential basic guidelines to help exclusively with hypertension. This case is RIGHT or WRONG.  
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Multimedia Appendix 2

Responses to the educational games evaluation model. Brasília, 2023.

  Mean SD P25 Median P75
Motivation

1. The game design is appealing
4.4 0.2 4.0 5.0 5.0

2. Something was interesting at the beginning of
the game that caught my attention 4.5 0.1 4.0 5.0 5.0

3.  The  variation  (form,  content,  or  activities)
helped me stay focused on the game 4.5 0.2 4.0 5.0 5.0

4. The game content is relevant to my interests
4.8 0.1 5.0 5.0 5.0

5.  The  way  this  game  works  is  suited  to  my
learning style 4.2 0.3 4.0 4.0 5.0

6.  The  game  content  is  connected  to  other
knowledge I already had 4.5 0.1 4.0 5.0 5.0

7. It was easy to understand the game and start
using it as study material 4.5 0.2 4.0 5.0 5.0

8. As I went through the stages of the game, I felt
confident that I was learning 4.5 0.1 4.0 4.0 5.0

9. I am satisfied because I know that I will have
opportunities to put into practice things I learned
from the game

4.5 0.2 4.0 5.0 5.0

10. It is because of my personal effort that I am
able to advance in the game 4.0 0.2 4.0 4.0 4.0

User Experience

11. I temporarily forgot my daily worries; I was
totally focused on the game 3.8 0.3 3.0 4.0 5.0

12.  I  didn’t  notice  time  passing  while  playing
when I saw the game was over 3.5 0.3 2.0 4.0 4.0

13. I felt more in the game environment than in
the real world, forgetting what was around me 3.2 0.3 2.0 3.0 4.0

14. I was able to interact with other people during
the game 3.3 0.3 2.0 4.0 4.0

15. I had fun together with other people 3.1 0.2 2.0 3.0 4.0
16. The game promotes moments of cooperation
and/or  competition  between  the  people  who
participate

3.4 0.4 2.0 3.0 5.0

17. This game is adequately challenging for me;
the tasks are neither too easy nor too difficult 3.9 0.3 4.0 4.0 5.0

18.  The game evolves  at  an  adequate pace and
does  not  become  monotonous  -  it  offers  new
obstacles, situations, or variations of activities 3.6 0.4 2.0 4.0 5.0

19. I had fun with the game 4.3 0.2 4.0 4.0 5.0
20. When interrupted, I was disappointed that the
game was over 2.8 0.3 2.0 3.0 3.0

21.  I  would  recommend  this  game  to  my
colleagues 4.8 0.1 5.0 5.0 5.0
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22. I would like to use this game again 4.6 0.2 4.0 5.0 5.0
23.  I  was  able  to  achieve  the  objectives  of  the
game through my skills 4.3 0.1 4.0 4.0 5.0

24.  I  had  positive  feelings  of  efficiency  in  the
course of the game 4.4 0.1 4.0 4.0 5.0

25.  The  controls  for  performing  actions  in  the
game responded well 4.0 0.3 4.0 4.0 5.0

26.  It  is  easy  to  learn  how  to  use  the  game’s
interface and controls 4.8 0.1 5.0 5.0 5.0

Learning

27. The game contributed to my learning about
NCDs and older adult health 4.8 0.1 5.0 5.0 5.0

28.  The  game  was  efficient  for  my  learning
compared to other activities I have had on NCDs
and older adult health

4.6 0.2 4.0 5.0 5.0

29. The experience with the game will contribute
to my performance in my professional life 4.5 0.2 4.0 5.0 5.0

Abreviaturas: DP, Desvio Padrão; P25, Percentil 25; P75, Percentil 75.
Abbreviations: SD, Standard Deviation; P25, 25th Percentile; P75, 75th Percentile; NCDs, Noncommunicable chronic
diseases
Fonte: Dados da Pesquisa
Source: Survey Data
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