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Abstract

Background: Cardiovascular diseases are among the leading causes of death and morbidity in the world including in Brazil.
Cardiopulmonary resuscitation (CPR) and early defibrillation increase the chances of survival. Serious Games (SG) are defined
as learning and training tools that can be used to enhance the learning processes. It can be presented in severa ways, using the
game's characteristics as an entertainment factor to achieve educational objectives and specific skills. Current strategies focus on
teaching people in the community and schoolchildren how to conduct CPR. The SG Children Save Hearts was developed to
teach the five steps of resuscitation according to the guidelines of the International Liaison Committee on Resuscitation on Basic
Life Support. Before being applied to schoolchildren for efficacy evaluation, it should go through a formative (Qualitative
Usability Testing) assessment by game devel opers and health professionals. This parameter refers to the ease with which users
can consume, learn, and interact with the system. Therefore, usability validation is a critical step in ensuring the effectiveness of
the educational resources before introducing them to a specific population.

Objective: This study aimsto discover and fix usability issues using a System Usability Scale (SUS).

Methods: The Serious game Children Save Hearts was developed on the Smile Game Builder platform (open source) and
implemented on Windows 7 to 11 operating systems, targeting schoolchildren from 7 to 17 years old. The script and storytelling
are based on the ILCOR 2020 guidelines. The game includes using a joystick and simple commands to simplify the user
experience, alowing greater focus on the content. After finishing the SG, participants were invited to answer a survey of 10
guestions regarding its usability on a Likert-type scale. A grade higher than 70 is considered acceptable to proceed to a minimum
viable product. A sample size of 17 users was needed based on an estimated probability of encountering an error in the interface
expressed as 10% to find 85% of the problems.

Results: The SG Children Save Hearts was applied to 17 volunteers, with a mean age of 22 years, and 47% were mae.
Regarding professional training, 8 (47%) were bachelor's in information technology, and 9 (53%) were nurses and doctors
(health professionals). All participants played the game and answered the questionnaire at the end. The mean SUS score was 75
(Table 1). The mean score was 3.0. Questions 2 and 4 had the lowest score (2.0), and questions 7 and 9 had the highest. The
game performed better on efficiency and error minimization criteria with heathcare professionals (p<0,05), with worse
performance on memorization criteria. The average time spent in the game was 3.2 minutes, which was approximately 2 minutes
to complete the questionnaire.

Conclusions; The SUS is a validated tool for usability tests and was selected for its practicality, ease of realization, and having
been cross-culturally validated into Portuguese, that is, with discriminatory power of acceptability of implementation in Brazil.
Active teaching methods were required to improve the chance of survival and translate accessible knowledge into practice.
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Severa cardiac awareness programs, such as Kids Save Lives and World Restart a Heart Day (WRAH), are currently underway
to teach schoolchildren that CPR is vital to our future. Although the game has points to improve in its usability, it is considered
adequate to be used in the teaching process of schoolchildren in cardiopulmonary resuscitation in Brazil.
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Cardiovascular diseases are among the leading causes of death and morbidity worldwide [1, 2].
Cardiopulmonary resuscitation (CPR) and early defibrillation increase survival chances [3]. Serious
Games (SG) are tools used to enhance the learning process through entertainment. Current strategies

focus on teaching CPR to the community and schoolchildren [4].

While other games exist for teaching Basic Life Support (BLS), no studies have validated these for
children in low-to-middle-income settings. The SG Children Save Hearts teaches the five
resuscitation steps per International Liaison Committee on Resuscitation (ILCOR) guidelines. Before
use in schools, it requires a formal usability assessment by game developers and healthcare

professionals to ensure ease of use, learning, and interaction.

The primary objective was to evaluate the usability of SG Children Save Hearts among healthcare
and Information Technology (IT) professionals using the System Usability Scale (SUS) [5], a

validated usability assessment tool.

Methods

Ethical Considerations

The study protocol was approved by the ethics committee of the University of Marilia (Brazil)

number CAAE: 57160121400005496. All participants signed an informed consent form.

Study design

We used a non-probabilistic casual sample to include participants in the area of IT and healthcare
professionals. The usability test was conducted in August 2022 in the university's IT department after
a 10-minute lecture on the SG's purpose. The SG Children Save Hearts was developed on the Smile
Game Builder platform and implemented on Windows 7 to 11, targeting schoolchildren aged 7 to 17.

The script and storytelling are based on the ILCOR 2020 guidelines. The game uses a joystick and

https://preprints.jmir.org/preprint/55333 [unpublished, peer-reviewed preprint]
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simple commands to simplify the user experience (Multimedia Appendix 1). The design and testing

process is illustrated in Figure 1.

Multimedia appendix 1: Serious Game screenshots and setup.
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Figure 1-Design of Serious Game for teaching cardiopulmonary resuscitation among
schoolchildren.
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Figure 1-Design of Serious Game for teaching cardiopulmonary ressuscitation among
schoolchildren. SUS: System Usability Scale; MVP: minimum viable product.

SUS: System Usability Scale; MVP: minimum viable product.

After completing the SG, participants answered a 10-question survey on its usability using a Likert-
type scale. The final grade is converted to a 0 to 100 scale (Multimedia Appendix 2). A grade above
70 is considered acceptable to proceed to a minimum viable product. A sample size of 17 users was
required, based on a 10% estimated probability of encountering an interface error, to identify 85% of

the problems.

Multimedia Appendix 2: SUS Questionnaire questions and domains

Item (a) Questions

Q1 I think I'd like to use this system often

Q2 I find the system unnecessarily complex

Q3 I found the system easy to use

Q4 I think I would need help from a person with technical
knowledge to use the system

Q5 I think the various functions of the system are very well
integrated

Q6 I think the system has a lot of inconsistency

Q7 I imagine people will learn how to use this system quickly

Q8 I found the system cluttered to use

Q9 I felt confident when using the system

Q10 I had to learn several new things before I could use the
system

https://preprints.jmir.org/preprint/55333 [unpublished, peer-reviewed preprint]
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Item Domains (b)
Q3,Q4,Q7,Q10 Ease of learning
Q5, Q6, Q8 Efficiency
Q2 Ease of memorization
Q6 Minimization of errors
Q1, Q4,Q9 Satisfaction

(a) Questions applied in the System Usability Scale (SUS). In each question, the user rates their
experience by means of a Likert scale, assigning grades from 1 to 5, with grade 1 corresponding to
"strongly disagree" and grade 5 corresponding to "strongly agree". After a conversion based on SUS,
each question assumes a score from 0 to 4, with the number 4 corresponding to the best performance.
The scores of each question are added up and, at the end, multiplied by 2.5, resulting in a scale
ranging from 0 to 100. (b) A group of questions form a domain in the SUS. SUS consists of 5
domains.

Statistical analysis

Categorical variables are presented as absolute and relative frequencies. Continuous variables are
presented as median with interquartile range (IQR). Normality was assessed by the Shapiro-Wilk
test. Comparisons were made between IT and healthcare professionals. Continuous variables were
compared using independent t test (normal distribution) or Mann-Whitney U test (non-normal

distribution). All analyses were performed using the R (version 4.1.0, 2021) software.

Results

The SG Children Save Hearts was applied to 17 volunteers, with a mean age of 22 years (IQR 20 -
26), and 8 (47%) were male. Regarding professional training, 8 (47%) were bachelor's in IT, and 9
(53%) were healthcare professionals. All participants played the game and answered the
questionnaire. The mean SUS score was 75 (IQR 72.5 - 87.5) (Table 1). Questions 2 and 4 had the
lowest median score, and questions 7 and 9 had the highest. Healthcare professionals attributed
higher grades to all 5 domains, when compared to IT professionals. The average time spent in the

game was 3.2 minutes.

https://preprints.jmir.org/preprint/55333 [unpublished, peer-reviewed preprint]
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Table 1- Participants characteristics and System Usability Scale grading by profession

Flato et al

All (n=17) IT (n=8) HP (n=9) p*
Domains
Age (median [IQR]) 22.00 [20.00, 26.00] 21.00 [18.75, 22.75] 24.00 [22.00, 27.00] 0.074
Male, n (%) 8(47.1) 4 (50.0) 4 (44.49) 1.000°
Questions
Q1 (median [IQR]) 3.00 [3.00, 4.00] 3.00 [2.00, 3.25] 4.00 [3.00, 4.00] 0.077°
Q2 (median [IQR]) 2.00 [2.00, 3.00] 2.00 [1.75, 3.00] 3.00 [2.00, 3.00] 0.466°
Q3 (median [IQR]) 3.00 [3.00, 4.00] 3.00 [3.00, 4.00] 4.00 [3.00, 4.00] 0.359°
Q4 (median [IQR]) 2.00 [2.00, 3.00] 2.00 [1.75, 2.25] 2.00 [2.00, 3.00] 0.609°
Q5 (median [IQR]) 3.00 [3.00, 4.00] 3.00 [3.00, 3.00] 4.00 [3.00, 4.00] 0.072?
Q6 (median [IQR]) 4.00 [3.00, 4.00] 3.00 [2.00, 3.25] 4.00 [4.00, 4.00] 0.002°
Q7 (median [IQR]) 3.00 [3.00, 4.00] 3.00 [3.00, 3.00] 4.00 [4.00, 4.00] 0.009°
Q8 (median [IQR]) 4.00 [3.00, 4.00] 3.00 [2.75, 3.25] 4.00 [4.00, 4.00] 0.025°
Q9 (median [IQR]) 4.00 [3.00, 4.00] 3.00 [3.00, 3.25] 4.00 [4.00, 4.00] 0.030°
Q10 (median [IQR]) 3.00 [3.00, 4.00] 3.50 [3.00, 4.00] 3.00 [3.00, 4.00] 0.677¢
Analysis
TOTAL (median [IQR]) 30.00 [29.00, 35.00] 27.50 [25.50, 30.50] 34.00 [30.00, 35.00] 0.050¢
SUS (median [IQR]) 75.00 [72.50, 87.50] 68.75 [63.75, 76.25] 85.00 [75.00, 87.50] 0.050¢

Ease of learning (Q3, Q4,

Q7, Q10) 3.25 [2.75, 3.25] 3.00 [2.50, 3.25] 3.25 [2.75, 3.50] 0.540°¢
(Median [IQR])

Efficiency (Q5, Q6, Q8) R
(Median [1QR)) 3.67 [3.00, 4.00] 3.00 [2.50, 3.17] 4.00 [3.67, 4.00] 0.019
Ease of memorization .
(Q2) (median [IQR]) 2.00 [2.00, 3.00] 2.00 [1.75, 3.00] 3.00 [2.00, 3.00] 0.466
Minimization of errors .
(Q6) (Median [IQR]) 4.00 [3.00, 4.00] 3.00 [2.00, 3.25] 4.00 [4.00, 4.00] 0.002
Satisfaction (Q1, Q4, Q9) 2.67 [2.67, 3.33] 2.67 [2.33, 2.83] 3.33 [2.67, 3.67] 0.078"

(Median [IQR])

*P values were calculated using * Mann-Whitney U test, ® Fisher test and ¢ Two-sample Student’s t-
test. Values represent median interquartile range (IQR) or n/n total (%).IT: Information Technology
Professionals; HP: Healthcare Professionals. US: System Usability Score.

Discussion

The SG Children Save Hearts was developed to teach BLS to schoolchildren. When tested on 17 IT

https://preprints.jmir.org/preprint/55333 [unpublished, peer-reviewed preprint]
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and healthcare professionals, it achieved an overall SUS score of 75, suitable for implementation.

Novel technologies like Virtual Reality (VR) have been successfully used in Europe to teach CPR to
schoolchildren [6]. However, transferring this technology to developing countries faces challenges,
such as language barriers, VR device acquisition, cultural context, and technical support . Previous
SGs for CPR teaching were developed and tested in first-world settings [7]. Educational strategies
for teaching CPR in developing countries have focused on healthcare professionals and students [8],
not schoolchildren, highlighting a significant gap in the literature. This is the first SG developed in

Brazil in Portuguese for schoolchildren.

Our study has some limitations. First, we had a small sample size due to insufficient data to calculate
sample size in usability tests and financial constraints in contracting a Software House. Continuous
usability monitoring with larger sample sizes is needed to maintain external validation. Further
studies should target schoolchildren to assess the effectiveness of teaching BLS in schools and

explore user experiences to gain insights into how users feel about the SG.

Active teaching methods are crucial to improving survival rates and translating accessible knowledge
into practice. Programs like Kids Save Lives [9] and World Restart a Heart Day [10] are teaching
schoolchildren that CPR is vital. Despite some usability issues, the game is adequate for testing in

schoolchildren.
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Serious game screenshots and setup.
URL.: http://asset.jmir.pub/assets/ar4cfacl2d7792d4147b693e74c4357a.pptx

SUS Questionnaire questions and domains (a) Questions applied in the System Usability Scale (SUS). In each question, the user
rates their experience by means of a Likert scale, assigning grades from 1 to 5, with grade 1 corresponding to "strongly disagree”
and grade 5 corresponding to "strongly agree". After a conversion based on SUS, each question assumes a score from 0 to 4, with
the number 4 corresponding to the best performance. The scores of each question are added up and, at the end, multiplied by 2.5,
resulting in ascale ranging from 0 to 100. (b) A group of questions form adomain in the SUS. SUS consists of 5 domains.

URL.: http://asset.jmir.pub/assets/6¢7434731b8ch3ced5dcaarce31hab43.docx
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