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PREFACE 
 

Welcome to an intellectual and emotional journey! This preface introduces a manual dedicated to Serious 

Games and Virtual Reality, focusing on the development of emotional competence. 

Our journey begins with the recognition of the exceptional efforts and unwavering dedication of those who 

made this endeavor possible. It is a testament to the power of collaboration and commitment, thanks to 

esteemed partners like the Polytechnic University of Bragança, the University of León, the University of Genoa, 

the University of Malta, and the Ştefan cel Mare University of Suceava. 

The roots of this journey trace back to 2018 at the University of Minho when visionary professors from the 

School of Nursing identified a gap in nursing education—while technical proficiency was emphasized, 

emotional intelligence was often overlooked. Thus, they conceived the idea of incorporating emotional 

competence into the education of future health professionals, aligning it with the demands of our digital age.  

As this vision gained momentum, it became evident that the challenge extended beyond their institution. 

Teaching emotions to students was indeed a complex task, prompting them to seek innovative approaches to 

nurture these essential skills. 

Collaborative partnerships were established at both the national and international levels, and the crucial 

missing piece, financial support, was secured through the Erasmus+ Program. This marked a historic milestone 

for the School of Nursing at the University of Minho, exemplifying the program's vital role in fostering 

international cooperation and knowledge exchange. 

Under the project titled ‘Serious Games for Nursing Students’, the objectives were clear: develop an 

educational program on emotional competence, create a digital interface prototype for serious games, and 

provide educators with innovative pedagogical skills and emotional intelligence training. The journey involved 

collaboration with experts in serious gaming, digital technologies, and emotional competence, ultimately 

leading to the creation of a groundbreaking game harnessing the power of virtual reality. 

We extend heartfelt gratitude to all those who supported this journey, making it possible to navigate the 

diverse languages of Nursing Sciences, Social and Behavioral Sciences, Education Sciences, Computer Sciences, 

and Engineering, and articulate a narrative of progress and innovation. 

The Serious game, known as ‘the Guilt’, offered students an environment for critical thinking, instant feedback, 

collaboration, and increased learning motivation. Additionally, the utilization of virtual reality created 

immersive experiences, fostering self-awareness and a range of emotions within students' learning journeys. 

The manual delves into the importance of emotional competence and pedagogical innovation. Virtual Reality, 

simulated practice, and augmented reality are recognized as transformative technologies in higher education, 

offering innovative means to enhance the educational experience. 
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In presenting this compilation of articles, we are delighted to offer a comprehensive overview of the outcomes 

achieved during the course of our project. The contents of this work encompass a collection of meticulously 

developed articles that reflect the culmination of our research and dedication. 

Contained within these pages, readers will discover not only the insights gleaned from our endeavors but also 

detailed instructions for the installation and engagement with the virtual serious game developed as part of 

this project. This serious game serves as a practical extension of the theoretical foundations explored in the 

articles, providing users with a hands-on experience that complements the scholarly discussions within. 

In today's rapidly changing world, Serious Games and Emotional Competence in Higher Education are subjects 

of paramount importance. As technology continues to reshape education, Serious Games become powerful 

tools for enhancing emotional intelligence, critical thinking, problem-solving, and creativity among students. 

This manual serves as a platform for sharing insights and best practices in the field of Serious Games and 

Emotional Competence, reflecting our commitment to advancing education in the 21st century. 

As we embark on this journey of discovery and collaboration, we encourage you to engage deeply, challenge 

preconceptions, and explore new horizons. Let us harness the power of technology and the human heart to 

create educational experiences that educate and nurture the emotional intelligence of our students. 

 

Coordinator of the Erasmus + Project SG4NS 

Prof. Dr. Lisa Gomes 

University of Minho, Portugal 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



8 | P a g e  
 
 
 
 
 

Editors:  
 

 

Lisa GOMES   University of Minho, Portugal 

Daren CHIRCOP   University of Malta, Malta 

Georgios YANNAKAKIS  University of Malta, Malta 

Maria Augusta BRANCO  Polytechnic Institute of Bragança, Portugal 

Maria CASSAR   University of Malta, Malta 

Marvin ZAMMIT   University of Malta, Malta 

Roderick BUGEJA  University of Malta, Malta 

Rui PEREIRA    University of Minho, Portugal 

Silvi RUSI    University of Malta, Malta  

João CAINÉ    University of Minho, Portugal 

  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



9 | P a g e  
 
 
 
 
 

AUTHORS 
 

University of Minho, Portugal      Lisa GOMES  

Filomena SOARES  

João CAINÉ  

Paulo NOVAIS  

Rui PEREIRA  

 

Polytechnic Institute of Bragança, Portugal    Maria Augusta BRANCO  

 

Polytechnic Institute of Cávado and Ave, Portugal   Vitor CARVALHO 

 Eva OLIVEIRA 

 Inés OLIVEIRA 

 

Stefan cel Mare University of Suceava, Romania     Adina COLOMEISCHI  

 Andrea URSU 

 Alina IONESCU-CORBU 

 Florin TIBU 

 

University of Genoa, Italy      Annamaria BAGNASCO 

Gianluca CATANIA  

Giuseppe ALEO  
 

Universitry of Leon, Spain      Letícia VALDEÓN  

Inés CASADO  

Letícia BARRIONUEVO 

 

University of Malta, Malta      Maria CASSAR  

Daren CHIRCOP  

Georgios YANNAKAKIS  

Marvin ZAMMIT  

Roderick BUGEJA  
Silvi RUSI 

 

 

 



10 | P a g e  
 
 
 
 
 

Implementation of serious games in nursing student education: 
A systematic review 

Leticia Sanchez-Valdeon1, PhD, Ines Casado-Verdejo1, PhD, Leticia Barrionuevo2, GLI, Elena Fernandez-Martínez3, PhD, 
Cristina Liebana Presa3, PhD, Rui Pereira4, PhD, Lisa Gomes4, PhD 

 
1GREIS Research Group, Nursing and Physiotherapy Department, University of Leon, Spain 
2HISMECON Research Group, Library, University of Leon, Spain 
3SALBIS Research Group, Nursing and Physiotherapy Department, University of Leon, Spain 
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ABSTRACT 

The aim was to evaluate the degree to which Serious Games have been implemented in nursing student training and 
their effectiveness in achieving competencies. A systematic review was reported following PRISMA guidelines. A total of 
8 studies were obtained. It is concluded that Serious Games could be used not only for training in technical skills, but also 
for the development of competencies related to interpersonal skills, thereby boosting motivation for meaningful learning 
among nursing students. 

 
Introduction: 
The trend toward the use of new technologies is a constant in higher education, and research interest in the 
incorporation of games and simulators has been steadily increasing (Juan et al., 2017; Vlachopoulos & Makri, 
2017). The changes taking place in our healthcare systems require the development of new skills and 
competencies. Health professionals need to be competent in order to provide quality health care, requiring 
clinical and interpersonal skills that cannot be acquired through conventional pedagogical strategies alone 
(Massey et al., 2017). 
 
Background: 
In the World Declaration on Higher Education for the 21st Century, the United Nations Educational, Scientific 
and Cultural Organization (UNESCO, 1998), expressed the need to promote lifelong learning and the 
development of appropriate competencies to contribute to a society’s cultural, social, and economic 
development. In the European Higher Education Area, the term competence has moved to the forefront of 
current pedagogical discourse. In this environment, through the Tuning Project (Gonzalez & Wagenaar, 2003), 
it has been further refined to refer to the “dynamic combina- tion of attributes - with respect to knowledge 
and its application, to attitudes and responsibilities- that describe the learning outcomes of an educational 
program, or how learners are able to perform at the end of an educational process” (p. 280). Beyond the 
European context, the DeSeCo (Definition and Selection of Competencies) Project (Rychen & Salganik, 2003), 
sponsored by the Organization for Economic Co-operation and Development (OECD), defines competence as 
the ability to respond to individual or societal demands to perform an activity or task. This requires the 
application of interrelated practical and cognitive skills, knowledge (including tacit knowledge), motivation, 
values, attitudes, emotions, and other social and behavioral elements which, when mobilized together, lead 
to effective action.  
In Health Sciences, and specifically in the training of future nursing professionals, more interactive, student-
centered approaches have been explored, seeking opportunities for realistic, experiential, and simulated 
clinical practice scenarios that encourage problem-solving and decision-making skills (Stuckless et al., 2014). 
In this context, the earliest experiences involved the introduction of role-playing techniques using simulation 
mannequins and, more recently, through digital games (Johnston et al., 2013). Serious games (SG) have the 
potential to make an effective contribution to the achievement of learning outcomes in this area (Riopel et 
al., 2019). 
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The term SG dates back to the 1970s when Clark C. Abt used this very expression in his book entitled “Serious 
Games” (Abt, 1970). He also defined it for the first time as an activity between two or more autonomous 
decision-makers who are seeking toreach their goals in a constrained environment. More conventionally, a 
game could be defined as a rules-based situation involving 
opponents who are trying to achieve their goals. He further points out that these are SG in the sense that they 
have a clear and well-thought-out educational purpose and are not designed to be fun. Following further 
development of computer technology, Bergeron later updated this definition in 2006 to describe the SG as an 
“interactive computer application, with or without significant hardware component, that has a challenging 
goal, is fun to play and engaging, incorporates some scoring mechanism, and supplies the user with skills, 
knowledge, or attitudes useful in reality.” SG-based learning experiences are beginning to gain relevance 
thanks to the growth of the video game industry in recent years (Egenfeldt-Nielsen et al., 2019). 
 
In higher education, SGs have been rolled out across multiple disciplines, most notably in Science, Technology, 
Engineering, and Mathematics (Boyle et al., 2016). At this educational level, studies on the effectiveness of 
SGs have been conducted for different purposes, making it difficult to establish evidence (All et al., 2016; Boyle 
et al.,2016). From the outset, one of the main design objectives has been to increase students’ motivation and 
engagement for taking on the various challenges intended to lead to meaningful learning outcomes (DeFreitas, 
2006). In the curricula used to prepare future professionals, analyses of the effectiveness of this methodology 
have mainly focused on its use as a resource to support traditional methodologies 
(Riopel et al., 2019; Vlachopoulos & Makri, 2017). At this level, the use of SGs has primarily encouraged critical 
thinking and scientific reasoning, students’ psychological commitment (engagement), and academic 
performance (Samaniego-Ocampo, 2017), as well as the development of social and emotional skills, 
interaction, and team-work (Vlachopoulos & Makri, 2017). 
 
Recent literature reviews (Gentry et al., 2019; Maheu-Cadotte et al., 2020; Wang et al., 2016) on the use of 
SGs for the training of health sciences professionals reflect considerable diversity of objectives with regard to 
the rationale behind their implementation. These objectives include their relationship with the acquisition of 
knowledge and practical skills, patient health outcomes, professional attitudes, and satisfaction, as well as the 
analysis of their cost-efficiency. In comparison with other educational interventions, the results of the 
effectiveness evaluations show positive results in relation to behavioral engagement, knowledge acquisition, 
cognitive and procedural skills development, and attitude change, with the field of first aid seeing the greatest 
progress (Pange et al., 2018). In view of the above, the aim is to find evidence regarding the use of SGs as a 
pedagogical strategy for nursing students and its implementation objectives, as well as its level of 
effectiveness. 
 
Methods 
 
Review Questions 
 
What does the literature say about the use of SGs in nursing student training? 

- What competences are being developed, with a particular focuson emotional intelligence? 
- In which areas of nursing have they been used as a teaching methodology? 
- How effective has their implementation been? 

 
 
Protocol and Registration 
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The systematic review was reported following the PRISMA 2020 statement (Page et al., 2021). The search 
protocol was registered in PROSPERO (International Prospective Register of Systematic Reviews), ID 
CRD42021245099, the National Institute for Health Research’s international database of prospectively 
registered systematic reviews in health and social welfare (http://www.crd.york.ac.uk/prospero/). Before 
starting this work, a search was carried out in PROSPERO to identify any potential ongoing or completed 
systematic reviews related to the object of study, but this yielded no results. 
 
Eligibility Criteria 
 
The search was initiated by transferring the research question to the Sackett-PICO (Population -Intervention - 
Comparison - Outcome) format (Sackett et al., 1997), from which the corresponding Health Sciences 
Descriptors (DeCS) and Medical Subject Headings (MeSH) were obtained (Table 1). 
 
Further search filters used included: the period from 2015 to 2021, English language, as well as the type of 
study, including observational or descriptive, and randomized clinical trials. 
 
Database Selection and Search Strategy 
 
The strategy employed is summarized in Fig. 1 and involved a range of scientific resources such as the Web of 
Science, Scopus, PubMed, the Cochrane Library, and Google Scholar databases, as well as other sources of 
information including gray literature (doctoral theses, conferences, reports, and so on) such as the institutional 
repositories of Spanish universities and the OpenGrey European data-base. None of the articles included 
emotional intelligence training as 
an educational objective regarding the use of SGs, which was our original goal. As such, when no results were 
found, the initial search strategy had to be broadened to include all educational objectives. 
 
Data Extraction 
 
An expert in bibliographic resource management extracted the articles from the databases based on the 
predetermined criteria. After the first reading of all the abstracts, articles were excluded if they did not contain 
material related to the subject of this paper, for example, research on SGs involving students in other health 
areas or at different educational levels. The final inclusion of the selected studies was based on a consensus 
decision by the researchers who independently examined the research papers, extracting those that 
adequately answered the review question and provided sufficient information. The following data were 
extracted from the included studies: authors, year of publication, title, journal, study design, sample, 
method/intervention, study objectives, the most relevant results, and the main conclusion obtained. 
 
Table1 

PICO                                                                Key Word                                      DeCS                                        MeSH 

Population 
 

Intervention 
 

Comparison 
 

Outcome  

Nursing students 

Seriuous games 

- 

Emotional 

intelligence/Education 

Nursing students 

- 
 
- 

Emotional 
intelligence/Education 

Students nursing 

- 
 
- 

Emotional 
intelligence/Education 

Research question transferred to the Sackett-PICO (Population - Intervention - Comparison - Outcome) format. 
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   Fig. 1. PRISMA declaration flowchart. 

 
 
Assessment of Methodological Quality 
 
Four researchers independently assessed the information in the studies retrieved in the previous stage using 
the appropriate tool according to the study design. The STROBE checklist was used as a reporting guideline for 
the observational studies that were included (von Elm et al., 2008). The CONSORT 2010 checklist was used for 
randomized controlled trials (Moher et al., 2010). Evaluations were compared and discussed in order to reach 
a mutual consensus. 
 
Data Analysis and Synthesis 
Due to the heterogeneity of interventions, objectives, and areas of nursing application, a quantitative analysis 
of the data extracted from the included studies would not have been appropriate. A narrative and categorical 
approach was therefore used to synthesize the data. 
 
Results 
 
A total of 1,609 records were retrieved from the electronic resources identified in the previous section and 32 
from other sources of information. Altogether, 25 duplicate citations were eliminated. After the initial 
screening, 1,480 records were discarded as their subject matter did not fit the object of study. Of the 161 
remaining citations, eight were eventually selected for inclusion in the present systematic review as they 
described the use of SGs during the learning process of nursing students. 
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In terms of the type of study, the results show one pilot study (Johnsen et al., 2018a), one intervention study 
(Zeffiro et al., 2021), two randomized controlled trials (Boada et al., 2015; Tan et al., 2017), and the remaining 
four articles show descriptive research designs (Day-Black et al., 2015; Fonseca et al., 2015; Georgieva-Tsaneva 
& Serbezova, 2020; Johnsen et al., 2018a). The flow diagram is presented below (Fig. 1). Finally, the results 
table is shown with a breakdown of the articles and the relevant information for each one (Table 2). 
 
Most of the studies have been conducted in Europe, specifically at the University of Girona (Spain) (Boada et 
al., 2015), the University of Coimbra (Portugal) (Fonseca et al., 2015), the Bulgarian Academy of Sciences, Sofia 
(Bulgaria) (Georgieva-Tsaneva & Serbezova, 2020), the University of Agder (Norway) (Johnsen et al., 2018b), 
and the University of Rome (Italy) (Zeffiro et al., 2021). One was developed at the Helene Fuld College of 
Nursing at Coppin State University in Baltimore, Maryland (USA) (Day-Black et al., 2015) and another at the 
National University of Singapore (Tan et al., 2017). The participants were undergraduate nursing students from 
different courses. In the randomized controlled trial developed by Boada et al., 2015, 109 students 
participated, 42 in the control group and 67 in the experimental group. The study conducted by Tan et al. 
(2017) included 103 students (57 in the experimental group and 46 in the control group) and the pre-post 
study with intervention by Zeffiro et al. (2021) included 13 students. The subjects participating in the 
descriptive studies ranged from 156 (Georgieva-Tsaneva & Serbezova, 2020) to 120 students in the pilot study 
by Johnsen et al. (2018a), 47 in Day-Black et al., (2015), and 14 in Fonseca et al. (2015). The educational content 
covered is diverse, ranging from specific techniques such as intravenous injection (Georgieva-Tsaneva & 
Serbezova, 2020), Cardio-Pulmonary Resuscitation (CPR) techniques (Boada et al., 2015), knowledge of 
epidemiological data and principles of public and environmental health nursing (Day-Black et al.,2015), clinical 
reasoning and decisions about the clinical situation of a premature infant (Fonseca et al., 2015), or the clinical 
situation of a person with Chronic Obstructive Pulmonary Disease (COPD) (Johnsen et al., 2018b). The 
effectiveness of SGs in improving nursing students’ knowledge of and performance in blood transfusion (Tan 
et al., 2017) and negotiation styles (Zeffiro et al., 2021) has also been described, highlighting that SGs can be 
used to develop not only the technical but also the relational skills of nursing students. 
 
In terms of descriptive studies, two web-based simulation SG tools are described that address the public health 
and environmental content of the nursing curriculum (Day-Black et al., 2015). The first was an interactive 
game, while a problem-solving approach was used in the second. The games rely on the concept of 
instructional scaffolding and were implemented four weeks after the start of the semester and following face-
to-face classes. Instructions and a video demonstration on how to access each website were posted on the 
subject pages. Students played the game in their free time outside classroom hours. Another descriptive study 
(Fonseca et al., 2015) describes the e-Baby digital educational technology and evaluates students’ opinions of 
it. Using e-Baby, the nursing student is given the clinical history of a premature baby and must choose clinical 
assessment tools and answer questions. After the game, the student’s answer is evaluated and they can check 
if their answer is appropriate, testing their knowledge and simulating activities with a virtual baby. There are 
buttons on the interface giving the user the option to film the whole evaluation and procedure and share their 
performance online. This 
game is played outside class over a period of 30 hours. Another descriptive study by Georgieva-Tsaneva and 
Serbezova (2020), along similar lines but with different educational content, created the Serious Learning 
Games tool, LearningApps.org, which consists of questions and suggested answers to the action steps involved 
in applying a nursing technique, in this case the administration of medication (injection). Menus were created 
with a total of 28 questions, each 
question having one correct and three incorrect answers. Johnsen et al. conducted two studies, a pilot 
(Johnsen et al., 2018a) and a descriptive study (Johnsen et al., 2018a), where the video-based SG was 
developed to teach nursing students about COPD patient care at home and in hospital settings. Users interact 
with the SG by viewing video-based scenarios and using a touchpad. The game presents four simulated 
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scenarios (two at home and two in hospital) where the student solves tasks based on questions from the six 
categories from Bloom’s taxonomy of cognitive processes. Through their responses, users dictate the actions 
of the nurse in the scenario and receivepoints for each correct answer. 
 
Meanwhile, randomized clinical trials such as that of Boada et al. (2015) compare the classical teaching 
methodology of CPR educational content with an SG-based methodology (LISSA - Life Support Simulation 
Activities). The LISSA game presents a clinical situation in a 3D virtual environment and the player must save 
the victim by taking emergency action. Students used the LISSA software following self-directed theoretical 
instruction and before the laboratory sessions. During the game, actions are performed on the keyboard, and 
errors and delays have a negative impact on the player’s final score. The game ends when the victim recovers, 
dies, or medical assistance arrives. In all cases, a final report detailing all the actions carried out is provided. In 
addition, there is an unsupervised mode where the player competes with fellow students to obtain one of the 
three best scores. Tan et al. (2017) deals with teaching blood transfusion using 
an SG. It was created on a game design platform known as 3DHive. Players must achieve learning objectives 
to pass through three target stages: before, during, and after transfusion. During the game, multiple 
challenges are set to test the player’s knowledge and problem-solving skills. The entire game lasts 
approximately 30 minutes and the player can participate only once. The study includes two groups 
(experimental and control) and all participants took an individual performance post-test in the university 
simulation lab approximately 2 weeks after the study intervention. 
 
In their pre-post intervention study, Zeffiro et al. (2021) identify the negotiation styles of nursing students 
using an SG and evaluate the effect of a personalized intervention on negotiation skills. The SG was based on 
Rahim and Bonoma’s theory of conflict management and included five scenarios from everyday life. For each 
scenario, students answered five questions, selecting the preferred option from a list of five possible answers. 
Based on these answers, one of the five negotiation styles was identified for each student. Two lectures and 
two role-play scenarios were designed to enhance students’ knowledge of negotiation and help them develop 
skills. 
 
Most of the studies reviewed used different data collection instruments falling into two categories: 
instruments measuring the knowledge addressed during the educational intervention and questionnaires on 
perception, satisfaction, and use of the game. In this way Zeffiro et al. (2021) use ENACT - Enhancing 
Negotiation Skills through On-line Assessment of Competencies and Interactive Mobile Training GA 543301-
LLP-1-2013-1-UK-KA3-KA3MP 2013 (http://enactgame.eu/site/) - to measure their proposed educational 
intervention and identify each student’s negotiation style. In addition, these authors used the Player 
Experience of Need Satisfaction (PENS) Scale to assess the SG experience. In the case of Boada et al. (2015), a 
15-item rubric is used for the educational content, in addition to a satisfaction questionnaire on the LISSA tool 
after the end of the course. Elsewhere, in the study by Day-Black et al. (2015), the evaluation is completed at 
the end of each game and the results include students’ reflections on playing habits, ease of operation, roles 
within the game, and the relevance of the activity, in addition to three items on the overall experience. 
Fonseca et al. (2015) evaluate student opinion and satisfaction with the e-Baby digital educational technology 
ranging from acceptance of usability to suggestions for expanding the game to other nursing topics. In this 
regard, Georgieva-Tsaneva and Serbezova (2020) collect student opinion on inclusivity, usability, and the most 
suitable device for SGs in higher education. Johnsen et al. (2018a) evaluate educational content with the final 
game score and nursing students’ perceptions of an SG in terms of content and construct validity. In addition, 
this study assessed perceptions of usability, individual factors, and preferences regarding future use. Finally, 
Tan et al. (2017) provide evidence on the effectiveness of an SG in improving nursing students’ knowledge and 
confidence in blood transfusion practice.



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2 
Description of the Studies Included in the Systematic Review 

Authors (year) Title Journal Type of Study Sample Method Objectives Results Conclusion 
Boada 

et al. (2015) 
Using a serious 

game to comple- 
ment CPR instruc- 
tion in a nurse 
faculty 

Computer Methods Randomized con- 109 undergraduate The students are randomly To compare the classical Students who used LISSA Students who used 
LISSA had better 
learning outcomes 
than those who fol- 
lowed traditional clas- 
ses. 

and Programs in 
Biomedicine 

trolled trial nursing students. assigned into groups of 13-15. 
42 students in groups A, B and 
C received the classical didac- 
tic approach without LISSA. 
The other groups, D to H, used 
the LISSA software before lab- 
oratory sessions. 

CPR teaching method- 
ology with the meth- 
odology using a 

obtained better learning 
scores than those who fol- 
lowed traditional classes. 

Serious Game (LISSA). 

Day-Black et al. 
(2015) 

Gamification: An 
Innovative Teach- 
ing-Learning 
Strategy for the 
Digital Nursing 
Students in a 
Community 

The ABNF journal: 
oficial journal of 
the Association of 
Black Nursing Fac- 
ulty in Higher 

Descriptive 47 Community 
Health nursing 
students. 

Use of two web-based game 
simulations, Outbreak at 

Describe the implemen- Students were more com- The Serious Games 
increased students' 
overall motivation to 
learn. This included 
greater recall and abil- 
ity to apply critical 
knowledge thinking, 
greater engagement 
in learning, and 

tation and analysis of 
an innovative learning 
strategy. Analyse the 
effectiveness of Seri- 
ous Games in improv- 
ing student learning 
outcomes. 

fortable with the use of 
epidemiological data and 
with the principles of 

Watersedge and EnviroRisk 4 
weeks after the start of the 
semester and after face-to- 
face classes (Public and Envi- 
ronmental Health). 

community health nursing 
practice. They were also 
more capable of investi- 
gating an environmental 
health problem, observing 
themselves as a resource 
and risk communicator in 
the community. 

Education, Inc. 

Health Nursing 
Course 

greater control of 
their own learning. 

Fonseca 
et al. (2015) 

Serious game e- 
Baby: nursing stu- 
dents’ perception 
on learning about 
preterm newborn 
clinical 

Brazilian Journal of 
Nursing 

Descriptive 14 nursing 
students. 

Extracurricular program, a 30- 
hour course divided into 2 
weeks during the university 
vacation period. They used e- 
Baby digital educational tech- 
nology, where the student 
interacts with a virtual pre- 
term infant and answers ques- 
tions about its clinical 

 To assess students' opin- The students made very sat-    The e-Baby Serious 
ion of the e-Baby edu- 
cational technology 

isfactory evaluations with 
respect to the e-Baby. 

Game is an innovative 
didactic and motiva- 
tional learning tool. In 
addition, it provides a 
suitable interface in 
terms of design and 
educational function. 

assessment 

situation. 
Georgieva-Tsaneva Virtual Reality and International Jour- 

nal of Emerging 
Technologies in 
Learning 

Descriptive 156 nursing stu- 
dents. 

The game consists of questions 
and suggested answers to 
action steps when applying a 
particular injection technique. 
Menus were created with a 
total of 28 questions, each 
question with one correct and 
three incorrect answers. 

   To describe the opinion  Positive impact on students'  Serious Games help stu- 
and Serbezova 
(2020) 

Serious Games of nursing students on 
the inclusion of virtual 
methods and Serious 
Games in higher edu- 
cation in Bulgaria. 

motivation and success. 
Respondents' interest in 
the introduction of educa- 
tional Serious Games in 
training. Phones are the 
preferred tool for playing 
educational Serious 

dents develop suc- 
cessful behaviour and 
high self-esteem. Stu- 
dents evaluate e- 
learning as an impor- 
tant factor in the pro- 
cess of acquiring new 
skills. Serious Games 
are easily accessible, 
flexible, and can be 
disseminated through 
new technologies 

Using in Distance 
Learning in Medi- 
cine in Bulgaria 

Games in Bulgaria, fol- 
lowed by interactive 
whiteboards and other 
information technology 
tools. 

used by the younger 
generation. 

Johnsen et al. 
(2018a) 

Nursing students' 
perceptions of a 
video-based seri- 
ous game's educa- 
tional value: A 
pilot study 

Nurse Education 
Today 

Pilot study 120 second-year 
nursing students. 

Serious Game prototype with 
two simulation courses; one 
for home care and one for hos- 
pital medical-surgical wards. 
The SG aimed to teach clinical 
reasoning and decision-mak- 
ing skills for nursing students 
caring for patients with 

 Students in both simulation  The participants felt that 
courses perceived the 
Serious Game as a valu- 
able and easy-to-use edu- 
cational resource. It tested 
their clinical reasoning 
and decision-making 
skills. 

the Serious Game was 
educationally valu- 
able, and that Serious 
Games have potential 
as an educational tool 
in nursing education, 
especially in the care 
of chronically ill chronic obstructive pulmonary 

disease. patients and in home 
health care 

 To assess nursing stu- 
dents' perceptions of a 
video-based Serious 
Game in terms of con- 
tent and construct 
validity. In addition, 
the study assessed 
perceptions of usabil- 
ity, individual factors, 
and preferences 
regarding future use. 
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Table 2 (Continued) 
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Authors (year) Title Journal Type of Study Sample Method Objectives Results Conclusion 
Johnsen et al. 

(2018b) 
Developing a Seri- 
ous Game for 
Nurse Education 

Journal of Geronto-    
Descriptive 
logical Nursing 

The objective of the Serious 
Game was to increase clinical 
reasoning and decision mak- 
ing in clinical situations 
related to COPD patient care. It 
presents four simulated sce- 
narios where the student is 
asked to solve different tasks 
involving questionnaires and 
questions based on the six cat- 
egories from Bloom’s taxon- 
omy of cognitive processes. 

   To assess nursing stu- 
dents' perceptions of 
the Serious Game in 
terms of content and 
construct validity, 
specifically in terms of 
the degree of realism 
and authenticity, the 
alignment of content 
and tasks with curric- 
ula, and the ability of 
the Serious Game to 
meet their learning 
objectives. 

Description of the 
prototype design. 

Serious Games can be 
seen as useful, usable, 
and valued by users. 

Tan et al. 
(2017) 

Designing and eval-   Nurse Education     Clustered    103 second-year  
nursing students. 

 Students are randomized into 
experimental (n = 57) or con- 
trol groups (n = 46). The Seri- 
ous Game is conducted in 
three stages: before, during 
and after transfusion. Knowl- 
edge and problem-solving 
skills are tested. 

   To describe the develop-   Post-test knowledge and    The study provided 
evidence for the uating the effec- 

tiveness of a 
randomized 
controlled trial 
with experimen- 
tal and control 
group 

ment and evaluation 
of a Serious Game to 
improve nursing 

confidence scores in the 
experimental group effectiveness of a Seri- 

ous Game in improv- 
ing nursing students' 
knowledge and confi- 
dence in blood trans- 
fusion practice. Given 
the flexibility, practi- 
cality, and scalability 
of the game, they may 
serve as a promising 
approach for optimis- 
ing learning when 

serious game for 
safe administra- 
tion of blood 
transfusion: A 
randomized con- 
trolled trial 

improved after the inter- 
vention (Serious Game) 
with respect to the pre- 
and control groups. No 
difference was found 
between the experimental 
and control groups on 
mean post-test perfor- 
mance scores. Participants 
evaluated the Serious 
Game positively. 

students' knowledge, 
confidence, and 
performance in blood 
transfusion. 

combined with high- 
fidelity simulation. 

   First study to use a 
negotiation Serious 
Game in the fleld of 
nursing education. 
Technology can be 
integrated into educa- 
tion to help nursing 
students develop not 
only technical but also 
relational skills. 

13 nursing students   Two master classes and two 
role-play scenarios were 

    To identify the 
negotiation styles of 
nursing students 
using a Serious Game 
and evaluate the effect 
of a customized 
intervention on their 
negotiation skills. 

   The results showed that 
nursing students preferred 
integrative negotiation 
and that their engagement 
style improved after the 
intervention. 

designed to enhance students' 
knowledge of negotiation and 
help them develop their nego- 
tiation skills. 

   Students in their 
second year of the 
Bachelor's Degree 
in Nursing. A pilot 
study was con- 
ducted involving 
the implementa- 
tion of the SG pro- 
totype. A survey 
was used to assess 
student percep- 
tions of the SG. 

        
Today 

   A Serious Game and  Advances in Intelli-  A pre/post-test 
Negotiation Skills in 
Nursing Students: A 
Pilot Study 

gent Systems and 
Computing 

intervention 
study. 

Zeffiro et al. 
(2021) 
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Discussion 
 
The results described above show the diversity of nursing areas for which SGs have been 
developed as a pedagogical tool, including first aid (Boada et al., 2015), the management of 
complex clinical situations (Fonseca et al., 2015), the application of techniques (Georgieva-
Tsaneva & Serbezova, 2020; Tan et al., 2017), community health care for chronic patients (Day-
Black et al., 2015; Johnsen et al., 2018b), and managing interpersonal conflict situations, in this 
case, in everyday scenarios (Zeffiro et al., 2021) for subsequent extrapolation to the healthcare 
environment. 
 
There is also a lack of uniformity in relation to the objectives set for the development and 
implementation of SGs in nursing student training. The objectives include the comparative 
analysis of their effectiveness with respect to other classical training methodologies (Boada et 
al., 2015), the assessment of the usefulness of this technology in terms of feedback (Fonseca et 
al., 2015; Georgieva-Tsaneva & Serbezova, 2020), the evaluation of its effectiveness as 
measured by its ability to increase knowledge levels (Boada et al., 2015; Tan et al., 2017), and, 
most notably, to improve clinical reasoning and decision-making skills (Day-Black et al., 2015; 
Johnsen et al., 2018b; Tan et al., 2017). Only one of the studies, published by Zeffiro et al., (2021), 
aims to analyze interpersonal skills, specifically to identify and assess negotiation skills. This 
reflects the scarcity of studies that set out to analyze the applicability of SGs for the development 
of students’ soft skills, such as emotional intelligence. 
 
All the studies included in the present systematic review highlight the usefulness of SGs in 
nursing education. As an alternative and innovative pedagogical tool, it can be said that SGs are 
positively valued by students as expressed in the results of the articles submitted for discussion. 
In this regard, several authors make special reference to the value of SGs in relation to their 
accessibility, flexibility, and user-friendliness (Georgieva-Tsaneva & Serbezova, 2020; Johnsen et 
al., 2018a; Tan et al., 2017). Their potential as a motivational tool for nursing students is also 
highlighted (Day-Black et al., 2015; Fonseca et al., 2015; Georgieva-Tsaneva & Serbezova, 2020; 
Tan et al., 2017). With respect to the results of the analysis of the effectiveness of SGs, studies 
have demonstrated their capacity for knowledge enhancement and practical skills training 
(Boada et al., 2015; Tan et al., 2017; Zeffiro et al., 2021), developing critical thinking (Day-Black 
et al., 2015), improving attitudes and behavior (Georgieva-Tsaneva & Serbezova, 2020), and 
specifically increasing students’ engagement with their own learning process, thereby achieving 
a higher degree of participation and control (Day-Black et al., 2015; Georgieva-Tsaneva & 
Serbezova, 2020; Tan et al., 2017; Zeffiro et al.,2021). 
 
The foregoing is clear evidence of the heterogeneity of specializations, goals, and 
implementation strategies of SGs among nursing students, as reflected more broadly in recent 
literature reviews for students from other diverse areas of Health Sciences (Gentry et al., 2016; 
Gentry et al., 2019; Maheu-Cadotte et al., 2020; Wang et al., 2016). 
 
Limitations 
As can be seen, there is a gap in this particular area of knowledge, which is reflected in the 
limited number of publications specifically aimed at answering this paper’s research question. 
This is both a limitation and an opportunity. This study aims to be a starting point for further 
research to gain an understanding of the suitability of the implementation of SGs as a 
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pedagogical tool in the development of specific competences among students and future 
nursing professionals. 
 

 
 

Conclusion 
 
The literature review shows that there is little scientific evidence on the use of SGs in nursing 
education, with the published studies focusing on the acquisition of technical knowledge and 
the development of critical thinking and decision-making in nursing practice. It is noteworthy 
that SGs have been shown to not only improve technical skills but also interpersonal skills, 
enhancing learner motivation. Moreover, SGs are easy to use for nursing students and user 
satisfaction is high. The benefits of SGs can be applied to nursing schools worldwide and tailored 
to a variety of learning objectives and program types. 
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Abstract 
For nursing students, it is very important to develop emotional competencies, as their jobs are usually in 
environments of high stress and tiredness. Such environments place an emotional burden on the health 
professional, so it is important to promote the development of skills that help them to identify, manage 
and understand emotions. Although this ability is a useful skill in any context, for nursing students this 
learning has been overlooked in their training. With the help of a Serious Game, such learning can be 
important because it allows an active and critical approach through active experimentation. Virtual Reality 
(VR) can be explored to attract the attention of students, by offering a space that presents specific tasks 
to the educational theme, with the objective of developing new skills, as in the case of this project, 
emotional competencies. The purpose of this paper is to investigate how a Serious Game in VR may 
contribute as a pedagogical tool for students in the 4th year of the Bachelors in the Nursing Degree at 
Minho University, Portugal. 
 
Index Terms—Serious Games, Virtual Reality, Learning, Game Development, Emotional Competencies 

 
 
Introduction 
 
The concept of emotion arises from the need to explain certain types of states. Emotions have 
a psychological component (subjective character), a physiological component and a behavioral 
component. In this sense, we can say that emotions are reflected both in behavior and in the 
person’s experience. Thus, the subjective, physiological and behavioral behavioral events that 
people are generally aware of and are characterized by cognitions, sensations, physiological 
reactions and specific expressive behavior. Emotions tend to appear suddenly and are difficult 
to control [1]. 
Emotions have the following functions: (1) Preparing us for action, as they function as a link 
between events and behavioral response; (2) Shape our future behavior, emotions serve to 
promote the learning of information that guides the choice of appropriate future responses; and 
(3) helps us regulate social interaction. Given these elements, we can state that emotion 
has an adaptive function, a motivational function and even a disturbing function [1, 2]. 
 
Considering the impact of emotions on daily life and on established interpersonal relationships, 
it is essential to create opportunities that promote the development of emotional skills. In this 
sense, emotional skills are essential to recognize and manage emotions, allowing for successful 
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conflict management [3]. These skills are essential for nursing students due to the complexity 
that characterizes their professional practice [4]. 
 
Emotional competence is an acquired skill, based on emotional intelligence, which leads to an 
increase in professional performance in the workplace. Having the ability to accurately 
understand, evaluate and express emotions, to perceive and/or generate feelings when they 
facilitate thinking, to understand emotion and emotional knowledge and to control emotions to 
promote emotional and intellectual growth, is a mental skill that is characterized by the concept 
of emotional intelligence [5] 
 
Emotional Intelligence (IE or QE), which ascertains different dimensions of the human, is defined 
by the following competencies: (1) self-awareness, (2) emotion management, (3) self-
motivation, (4) empathy and (5) group relationship management [6]. 
 
Incorporating the development of emotional competencies into the curriculum will give nursing 
students a greater understanding of themselves and the way they relate to others especially in 
highly challenging situations. This learning will empower students, helping them in their 
professional performance [7]. 
 
For this learning to be appealing to students, we must consider the new technologies as they 
bring different possibilities to the area of education, and should be considered as useful and 
important tools to improve learning [8, 9]. 
 
In traditional teaching methods, the teacher somehow man- ages learning, while with the use 
of Serious Games it is the student who defines his/her learning process, allowing an active and 
critical approach through real-world experiences and active experimentation. We can define 
Serious Games as games that are developed to entertain the player while, at the same time, 
educating, training or facilitating behavior change [8]. Video games have become a teaching 
method for the hours that a player spends playing them, as it is believed that in education, the 
greater the number of hours focused on the study, the better the results will be. When adding 
educational content to video games, it is believed that players’ taste for the game would be 
fostered while creating learning opportunities, thus forming Serious Games [9]. 
 
The use of a Serious Game in this context allows: (1) the autonomy and control of learning is 
defined by the student; (2) the possibility of receiving immediate feedback on the actions taken; 
(3) the student learns from the mistakes made; (4) the possibility of collaboration; (5) an 
enormous flexibility of challenges proposed during the game; and (6) the increase in learning 
motivation through the challenges and/or tasks placed on the player[8, 9, 10]. 
 
With the evolution of technology and its equipment and devices, new features in computational 
applications have been developed, such as Virtual Reality (VR), which covers three fundamental 
concepts: interaction, immersion and involvement. VR technology is essential to respond to 
actions performed by users in an interactive way, creating a sense of immersion by feeling 
present in the virtual environment. To keep the user motivated and determined, it is necessary 
to stimulate their senses, thus facilitating, allowing and promoting the user’s involvement with 
the three-dimensional space [11]. 
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The first VR experiences in the area of education were motivated by the fascination of young 
people with new technologies and the fact that a visual, immersive and interactive 
understanding of complex concepts can improve learning [12]. In order to obtain a certain 
realism and interactivity in real time in the field of education, Serious Games explores VR 
technology to simulate situations in which, in order to have an evolution in the game, it is 
necessary to apply some knowledge [11]. 
 
 
This realism is only allowed by the immersion and pres- ence acquired through VR experience 
due to the recent improvements made in the quality of hardware (Head Mounted Displays 
(HMDs) such as, for example, Oculus1 devices) and software as well as the tools used (for 
example, Game Engines such as Unreal Engine2 and Unity3). These softwares allow interactions 
to be carried out in the virtual environment, opening doors for the creation of immersive VR 
environments for Serious Games [12]. 
 
This paper is based on a master’s work of the Digital Games Development Engineering Master 
course, at the Poly- technic Institute of Cavado and Ave4 (IPCA is the Portuguese acronym), 
Portugal, that is part of an Erasmus+ project - SG4NS, lead by the University of Minho5 with the 
aim of creating a Serious Game to offer students in the 4th year of the Bachelors in Nursing 
Degree an environment that combines entertainment and learning, so that they can learn and 
develop new skills [11]. Thus, the impact of the Serious Game as a strategy to promote the 
development of emotional competencies of these students, will be more effective with the use 
of VR technology by providing students with a space where they can learn in an interactive way, 
resulting in a sense of presence in the virtual environment that keeps the student motivated and 
determined [11, 12, 13]. 
 
This article is organized in five sections. The second section is related to the development of a 
Serious Game, where the objective of creating a Serious Game, guidelines and advice to help 
start the development of a Serious Game was investigated. In the third section, Virtual Reality is 
studied as an additional tool to the Serious Game, to learn what this technology can add to a 
Serious Game. In section 4, a description of the initial ideas for the Serious Game is made in 
consideration to the investigation, and finally, in the last section, the final remarks and the next 
steps are addressed. 
 
 
SERIOUS GAMES 
 
It was in the 70s that the term Serious Game was invented, and despite today it is widely 
accepted, it still faces some resilience, not only because the concept of using games in an 
educational framework is sometimes not an easy thing to see acknowledged and accepted, but 
also because games are usually recognized as a fun activity, and the word “serious” conveys to 
a sharp contrast of what games are supposed to be. The use of Serious Games is a recent trend 
in the education world for incorporating play as well as a quantity of other aspects: motivation, 
learning content, feedback. The primary goal of a Serious Game is to teach something to the 
player, so that he/she can be able to retain the information and applyit in real life that he/she 
has just learned [14, 15]. 
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The use of a Serious Game as a teaching strategy has been shown to be relevant for the creation 
of an active and dynamic learning environment. Its use in the education of health professionals 
aims to motivate students during learning, provide the progress of knowledge developed for a 
given concept and make this knowledge last for the long term. This strategy allows students to 
train aspects of real life in a controlled and safe environment, where they can develop essential 
skills and overcome obstacles in the environment where they are interacting [5]. 
 
A Serious Game only becomes an effective tool to foster learning, promote healthy behavior, or 
change behavior, when it is played by players. For designers, developers and researchers 
working in a team, it is not straightforward what are the steps to take from a given problem 
towards a game concept that can be played by the target audience [14]. In order to help this 
matter, the following aspects provide support to the design and development of a Serious Game. 
 
 
First considerations 
 
Unlike games made just with the intent of fun and enjoyment, Serious Games are not focused 
on making money. The whole purpose of a Serious Game is to solve a problem, and the entire 
design of the game is based on educational content for this purpose [15]. 
 
In order to be able to identify and define the problem in the best way, it is necessary that all 
people involved in the development of the game communicate with each other. The first step is 
for the teacher (or subject matter expert) to discover how to define the problem so that it is 
completely perceived through the game. The next step is to understand this problem and find 
solutions to implement in the Serious Game. When working in a large team, where each element 
has his/herm own experience and expertise, communication between areas can be difficult, it is 
important that everyone strives to make communication visible, so that information is well 
transmitted and understood [15]. 
 
The objective in identifying the problem is that the Serious Game can be completely adapted to 
the pedagogical objective, and not have contents that are not part of what one wants to teach 
the student. In preparing to identify the problem, there are certain issues that can help in any 
Serious Game design15] (Table 1). 
 
Table1: Guidelines for developing a serious game 

What about? The general theme of the game needs to be established. The learning items need to be 
defined in order to have the exact concept for the game. 
 

 
Who for? 

It is very important to know the target audience for the Serious Game. In particular, the 
age level and the educational environment that will be used in order to adapt the game 
in the best way possible. 
 

Where is it going to 
be used? 

A Serious Game can be played in an array of possibilities. It is important to know the 
platform where the students will play it so the design of the game will be prepared. 
 

 
When is it played? 

The playing session is a factor that depends on the learning session and how many people 
will play in that time frame. It is important to kno the ideal time that the game will be 
played so that the game can adapt to that condition. 
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How is it going to 
be played? 

Any subject can be taught in different ways, creating a Serious Game is just one of the 
immense possibilities of tools. It is important to know why you want to be a game and to 
understand this. 
 

 
Why a game? 

Unlike games just for fun, Serious Games are not focused on making money. The whole 
purpose of a Serious Game is to solve a problem, and the entire design of the game is 
based on educational content for this purpose. 

 
 
There are several mistakes that should be avoided when creating a Serious Game: (1) Creating 
the game just because it is a game. A Serious Game is supposed to be part of a larger educational 
context and serves only as a tool adapted to an educational concept; (2) Try to make the game 
just fun. Although it is very important that a Serious Game is fun, its main function is to teach. It 
is important to find the balance between the two to keep the player motivated; (3) Create the 
game without thinking about the target audience. A Serious Game can be used in a variety of 
situations, so it is important to define what is the educational context that we want so that the 
game is adapted for that purpose; and (4) Think that the game is sufficient to teach some 
concept. Serious Game should be seen as an additional tool to the teaching method [15]. 
 
Game Development 
 
Taking into consideration the aspects presented previously to pay attention to the definition of 
the problem and the errors that should not be made, the team can start to find solutions to solve 
the problem through the Serious Game. For this to happen, teamwork is very important and that 
each element specialized in their area contributes to the success of the game. All hypotheses 
must be analyzed by the team in order to achieve the best possible solutions, including teachers 
who will use the tool in the classroom [15]. 
 
Once the team to develop the game is defined, one can move on to the concept phase. At this 
stage, it is essential to discover the Serious Game concept through the following steps: (1) Define 
the general idea of the game; (2) Define an additional game genre. This step is important 
because it has a great impact on the game design and on the decisions taken to solve the 
problem; (3) Define the gameplay: the challenges posed to the player and the actions to 
overcome them; (4) Definitions and history, depending on the game genre; and (5) the target 
audience, as previously mentioned [15]. 
 
Once the concept phase is finished and all members of the team agree, it moves on to the 
production phase. In this phase, the development time and costs are defined. A prototype must 
first be developed and tested in an educational environment, in order to be able to make 
changes (if necessary) according to the feedback received, so that the final version of the Serious 
Game has the best possible success [15]. 
 
Design Process 
 
It is important to have at least one Game Design Document in order to keep track of the ideas 
for the Serious Game. With this, not only every team member is aware of what is going to be 
created, but the development team in the areas of design, art and programming do not have 
any questions about what they need to develop [15]. 
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Another thing to keep in mind is that there are always things that can happen during the 
development of a Serious Game. It is important to think about things that can go wrong and 
possible solutions, as well as the team being prepared for possible unforeseen events so that it 
is not a serious consequence in the creation plan. The team must accept to adapt, as rigidity can 
be a great enemy for the game’s design [15]. 
 
VIRTUAL REALITY TECHNOLOGY 
 
VR when it appeared had a high cost. The first generation of VR devices appeared in the last fifty 
years and they were applied to training on military bases and for scientific research. For the 
military, the cost of the equipment was not a problem, and it allowed simulating exercises that 
would be risky to train in real life, preparing the military for dangerous situations in a safe 
environment and allowing them to explore the effectiveness of the simulation. In addition to 
the military field, this technology began to be used to train athletes, allowing them to train 
certain specifics in a virtual environment without any risk. It was only later that VR began to be 
used in the field of medicine, where surgeons began to train some skills, learn new techniques 
and train some surgeries [12]. With the evolution of technology, prices became accessible which 
led to a brutal increase in the use of this technology in the most different areas, namely in the 
education of mathematics, languages, business, health, computer science and project 
management [12]. 
 
The use of VR in the learning of young adults seems almost intuitive. Due to the fact that young 
people have mastered the new technologies, this type of experience can be quite impactful and 
can translate into a greater interest in learning certain concepts, facilitating the visual 
understanding of complex concepts and consequently reducing mistakes [12]. 
 
The use of VR in education gave rise to a debate about the factors that could better achieve the 
perception of presence and feeling of immersion in a Virtual Reality environment, which are an 
important factor for increasing the learning rate [ 10, 11]. Presence is a subjective experience 
that is defined as an immediate sensation of existence within the virtual environment. 
Immersion can be assessed objectively through the capabilities of the hardware and software 
used to accompany VR technology and is characterized as stimuli that provide a completely 
involving environment and quite important to have a sense of presence [11, 12]. To achieve the 
greatest possible success in the learning rate, interactivity with the virtual environment is 
necessary, producing the immersion effect, and the use of games reaches a high level of 
interactivity. Serious Games keep the player entertained in the environment to learn or be 
educated/trained in a specific concept through interactivity with tasks during the game [12]. 
 
With the use of VR, we can verify that the student’s satisfaction in an VR experience in Serious 
Games is higher than with other teaching methods because they stop being passive observers, 
and start to get involved in the environments as active participants, creating an immersion and 
sense of presence that allow the development of learning paradigms through the method of 
exploring experience [12]. 
 
In addition, regarding the impact on education, with the use of a Serious Game in VR, we can 
see that: (1) it is a more advantageous solution when it comes to communicating acquired visual 
knowledge, (2) it allows greater motivation on the part of of the student when placed in an VR 
environment than in a traditional environment and (3) synergies with traditional teaching 
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methodologies, focusing each methodology on different learning topics. Finally, in relation to 
the impact on training, the use of Virtual Reality is advantageous because: (1) VR solutions have 
the possibility of being very good solutions at cost-effect, (2) it allows immediate transfer of 
behavioral skills in environments of VR for the real world and (3) has the potential to increase 
learning skills in a risk-free environment[12]. 
 
SG4NS PROJECT 
 
The SG4NS project has a partnership between an international team made up of twenty 
researchers and specialists from different areas: nursing, computer science, digital games, 
educational and social and behavioral sciences. Participants belong to six Higher Education 
Institutions in five countries: Portugal (University of Minho - Project leader and Polytechnic 
Institute of Braganc¸a6), Italy (University of Genoa7), Spain (University of Leo´n8), Malta 
(University of Malta9) and Romania (University of Suceava10). 
 
For the development of the idea for the VR Serious Game, the School of Nursing, the School of 
Engineering of the University of Minho and the Polytechnic Institute of Braganc¸a joined the 
Polytechnic Institute of Ca´vado and Ave. This team presents different specialists essential for 
the initial phase of the game, as well as for the development and design of the game. 
 
The first step taken was to define the general theme of the game and which learning aspects will 
be part of this tool, taking in consideration the target audience. In this sense, the game that is 
intended to be developed for 4th year students of the Nursing Degree Bachelors, will be an 
Escape Room that contains a set of scenarios and narrative events that will have the main 
objective of triggering a diverse set of emotions. At the same time, for the player to advance in 
the game, he will have to complete a set of challenges that focus on more theoretical content 
on emotional behavior and on the neurobiology of emotions. 
 
Game Objectives 
 
It is expected that students, when playing this VR Serious Game, develop knowledge about the 
Neurobiology of Emotions and that they have a tool where they can train the 
development of their emotional competence. 
 
Emotions are associated with the activation of certain areas of the brain and release of different 
neurotransmitters. This brain activity triggers some bodily reactions (e.g. increased heart rate, 
sweaty hands) that we easily associate with a spe cific emotion [16]. These concepts can be 
introduced along the challenges that enable the transition between game scenarios. Only the 
correct answers will allow you to go forward making it possible to assess the error rate and 
player success in developing knowledge about the Neurobiology of Emotions. 
 
For the training of emotional skills, it is expected that the scenarios contain narrative elements 
that allow the player to identify emotions and manage them throughout the game’s evolution. 
Thus, it is expected that the player is able to increase their self-awareness (ability to perceive 
the impactmof your emotions in interpersonal relationships, awareness of emotional 
phenomena); to have better management of emotions (ability to deal with negative emotions, 
ability to rationalize emotions); develop self-motivation (ability to use emotions in function of 
your well-being); develop empathy (ability to recognize the emotions of others and the impact 
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they have on the relational process); and better management of relationships (ability to 
effectively use emotions in the relationship with others and in conflict management) [6]. More 
specifically, it is expected that the use of Seriou Game allows students a greater: (1) capacity for 
perception, evaluation and expression of emotions; (2) ability to access and generate emotions 
that facilitate cognitive activities; (3) ability to understand and analyze emotional information 
and to use emotional knowledge; (4) ability to access and generate emotions that facilitate 
cognitive activities; (5) ability to manage emotions to promote development and emotional and 
intellectual well-being [17]. 
 
Evaluation 
 
To assess the effectiveness of the VR Serious game, a competency scale will be applied. The Scale 
of Emotional Intelligence Capabilities [6] which will be applied before and after the gaming 
experience. In order to complement the quantitative information collected by the scale, focus 
group sessions will be held with players to explore the game experience, the knowledge acquired 
and the emotions felt. 
 
 
FINAL REMARKS 
 
With the research carried out until now, we learnt that creating a Serious Game has many more 
aspects to keep in mind than creating a game just for entertainment. Bearing in mind the 
information retained, it was possible to guide the partners more effectively towards the 
development of the first considerations of the Serious Game, as well as an advance for the 
development part of the game. 
 
Once the team is working together for the game development phase, a Game Design document 
is being created at this moment before moving on to the creation of design, art and 
programming. 
 
The SG4NS project integrates the need to innovate and offers a new way to stimulate teaching 
and learning. Currently students are more open and more aware of the digital world, but at the 
same time have more difficulties in developing and managing their emotional skills. This 
teaching-learning process inherent to nursing training has made the need to introduce, more 
consistently, the theme of emotional competences. It is in this sense that the present project 
will evaluate the prototype with the target audience and the respective teachers and specialists, 
in order to have the greatest success of the final product. 
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Abstract:  
In recent years, the role of emotions in digital games has gained prominence. Studies confirm emotions’ 
substantial impact on gaming, influencing interactions, effectiveness, efficiency, and satisfaction. 
Combining gaming dynamics, Virtual Reality (VR) and the immersive Escape Room genre offers a potent 
avenue through which to evoke emotions and create a captivating player experience. The primary 
objective of this study is to explore VR game design specifically for the elicitation of emotions, in 
combination with the Escape Room genre. We also seek to understand how players perceive and respond 
to emotional stimuli within the game. Our study involved two distinct groups of participants: Nursing and 
Games. We employed a questionnaire to collect data on emotions experienced by participants, the game 
elements triggering these emotions, and their overall user experience. This study demonstrates the 
potential of VR technology and the Escape Room genre as a powerful means of eliciting emotions in 
players. “Escape VR: The Guilt” serves as a successful example of how immersive VR gaming can evoke 
emotions and captivate players. 
 
Keywords: emotions; triggers; Virtual Reality; games; Escape Room 

 
 
Introduction 
 
Context and importance 
 
In recent decades, studies on emotions have emerged in various fields, ranging from diverse 
scientific disciplines to artistic and philosophical areas. One of the scientific domains that has 
been exploring emotions is digital games [1,2]. Currently, games are a highly popular activity 
that provide leisure, entertainment, and learning to their users [3–7]. Due to recent research, 
game developers have started to pay attention to the player’s emotional experience during a 
game, aiming to engage players as deeply as possible in the experience [1,3,5]. 
 
In order for the elicitation of emotions to be effective in a game, it is necessary to understand 
how emotions occur in human nature [1,2,5]. The importance of emotionalbehaviors, where 
emotion is identified as an essential and integrated entity, is not a recent idea. From Hippocrates 
to the Renaissance, the ethical-philosophical principle of mindbody dominance prevailed in 
medical techniques. The duality between the thinking mind and the physical body was significant 
in all areas of knowledge, and only in the1990s did some scientists provide a foundation for 
psychoanalytic theory, proving that the existence of emotional behaviors is important for 
survival and reproduction, both in terms of cognitive function and the significance of primary 
emotions. Thus, we can observe that both the emotional mind and the rational mind intersect 
and complement each other, demonstrating that our emotions and how they are experienced 
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influence our reasoning [8,9]. This phenomenon is crucial for understanding the user’s 
experience during a game, as it allows us to comprehend the choices and reactions, they had in 
a given situation [1,2,5]. 
 
According to various studies in the field of games, there is a consensus that emotions have a 
significant impact on digital games, especially in the following categories:(1) human–computer 
interactions; (2) effectiveness; (3) efficiency; and (4) player satisfaction [2,6,7]. One of the main 
motivating factors for player engagement in the experiences provided in games is the emotional 
experience [2–6]. Games that elicit emotion are crucial for a variety of purposes, including 
education, training, therapy, and other areas where the elicitation of emotions is vital [6]. 
 
Role of Virtual Reality 
 
We can enjoy a pleasant experience when we interact with entertainment mechanisms through 
games [4]. Although there are many different game genres and each has unique qualities, games 
are often interactive, competitive, and goal-oriented [3]. Games ought to be dynamic, exciting, 
and enjoyable for the player by nature. Players tend to gravitate towards games that offer a 
pleasurable experience while simultaneously providing opportunities for adventure, challenge, 
or an adrenaline rush [3–5]. In these challenges, players are not necessarily looking for 
immediate and tangible rewards, as the emotional experience itself is impactful [5]. These 
emotional experiences are important for the user, whether they involve overcoming a difficult 
challenge in the game or being able to escape from real-world concerns [4]. 
 
Technology advancements have enabled games to be developed for a variety of platforms, 
including Virtual Reality. VR is considered a promising technology because it allows for 
immersion, interactivity, and presence, adding a better dimension to the world of games by 
making them as interactive as possible [1,7,10,11]. In order to enhance theplayer’s experience, 
several game development companies have focused on improving physics, game graphics, and 
sound. Later on, narrative manipulation started to influence the player, leading to an 
improvement in the quality of characters and stories in the world of games. However, there is 
still a barrier between the player and the game, which is why emotions began to play an 
important role. It has been realized that any game can evoke a wide range of emotions, which 
can take the user experience to another level [2]. 
 
Since games have the ability to influence the player’s emotional state, they can be used to elicit 
emotions in a natural and ethical manner. To evoke emotions, one can take advantage of 
images, sounds, music, and/or interactions [3,10,12]. What makes this elicitation of emotions 
more fascinating is the fact that players engage in the experience even if it involves negative 
emotions such as fear and frustration [5]. 
 
The way the player interacts with the game can be altered through manipulations of the user’s 
emotional state. This can result in a much richer experience that deeply involves the player. To 
achieve different emotional states in a player, various techniques can be employed. To do this, 
attention must be given to three questions: (1) what the stimuli are, (2) when they should 
appear, and (3) how these stimuli adapt within the game [5]. 
 
Furthermore, players’ preferences for game genres, as well as their experiences and 
personalities, affect their relationship with games. When developing a game with a focus on 
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emotions, it is necessary to keep this in mind in order to achieve good design. Game design 
encompasses numerous elements, and it is important to determine which ones should be used 
to elicit an emotion. These elements can include non-playable characters (NPCs) and game 
content objects [5]. 
 
 
 
Role of Escape Room Game Genre 
 
Escape Rooms are a genre of game focused on problem-solving. These problems usually involve 
puzzles that can be solved in various ways, such as through riddles or symbols. In addition, 
Escape Rooms are games that challenge players on a psychological level. The mind-body 
connection of Escape Room participants is pushed to the point where they genuinely believe 
they are a part of the narrative; in other words, the participants truly take on the role of the 
character [13]. The objective of an Escape Room is to solve all the puzzles and uncover mysteries 
in order to “escape”. This sense of “escape” can be interpreted in various ways, whether related 
to any concept or theme or in the literal sense of the player being physically trapped. By 
involving the player in a confined space filled with props and puzzles around them, the player’s 
brain truly believes it needs to “escape” and enters survival mode. This phenomenon leads the 
player to be more attentive and focused on the tasks, primarily due to the surge of adrenaline. 
Escape Rooms are the genre of game that evokes the most emotions in a player, especially 
negative emotions, as they involve a dimension of gameplay elements such as triggers. These 
elements are typically used to provoke fear, anger, and frustration in the player [13–16]. 
 
Escape Rooms are designed to provide immersive experiences for players. To make the 
experience as engaging as possible, the participant must take on the role of a character in the 
game. This can be accomplished by making the player an active participant in a puzzle-filled 
environment. This releases adrenaline in the player’s brain, making them more alert and focused 
on what they are doing, allowing for innovative thoughts. These thoughts can be useful for 
discovering clues or solving a problem. However, these thoughts can also be a limitation, as they 
may prevent the player from seeing an obvious answer because they assume it must be 
something complex [13]. 
 
Some types of puzzles can include: (1) riddles; (2) hidden objects; (3) mirrors; (4) UV light; (5) 
symbols; (6) crosswords; and (7) patterns, among others [14]. This type of game attracts many 
players simply because humans are naturally curious [16]. Participants need to be creative and 
explore the space to solve the proposed puzzles. Fear is an emotion commonly used in Escape 
Rooms, although it is not the only one—it is the most commonly used and has the longest-lasting 
effect [16]. 
 
Fear can be elicited in various ways, including the impression of being trapped or the fear of 
failure, both of which serve to challenge the player. Therefore, fear needs to be used as 
motivation to solve the puzzle as quickly as possible, arousing the player’s creativity and 
attention. Another common feeling is enthusiasm, namely the desire for novel and enjoyable 
experiences. Even if the room is designed to induce fear or frustrate players, there are enjoyable 
aspects to counteract that. On top of that, it may be extremely satisfying to move forward and 
complete a goal, no matter how challenging or scary it may be. Sometimes the objective may 
not be as difficult, requiring the player to pay attentionand be creative [16]. 
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Objectives of the Study 
 
This study, titled “Escape VR: The Guilt—An Escape Room in Virtual Reality for Eliciting 
Emotions,” is driven by several key objectives aimed at comprehensively exploring the realm of 
Virtual Reality (VR) gaming and emotion elicitation. The primary objectives can be summarized 
as follows: 

1. Game Development and Design: The foremost objective of this research is to meticulously 
document the game development process of “Escape VR: The Guilt”. This includes an in-
depth examination of the creative and technical aspects of craftinan immersive VR Escape 
Room experience designed to elicit a wide spectrum of emotions in players. 

2. Challenges and Triumphs: To shed light on the multifaceted nature of VR game creation, 
this study aims to elucidate the challenges encountered during development. By offering 
insights into these challenges and how they were effectively surmounted, the research 
highlights the tenacity and problem-solving capabilities required for successful VR game 
design. 

3. Emotion Elicitation: A central objective is to explore and analyze the game’s capacity to 
elicit emotions in participants. The study seeks to identify, categorize, and quantify the 
emotional responses experienced by players while navigating the virtual Escape Room. By 
doing so, it strives to offer a comprehensive understanding of the emotional dynamics at 
play in VR gaming. 

4. Reflection on Results: Beyond the development process, this research seeks to reflect 
upon the outcomes obtained. Through careful analysis and interpretation of the elicited 
emotions, the study aims to discern patterns, trends, and player preferences. This 
reflective aspect contributes to the broader knowledge base concerning emotional 
engagement in VR gaming. 

5. Demonstrating Success: Ultimately, the study aims to showcase the success of “Escape 
VR: The Guilt” in achieving its intended goal of eliciting a diverse array of emotions in 
participants. By providing empirical evidence of emotional responses, the research 
underscores the game’s effectiveness as a tool for emotional engagement in the realm of 
VR Escape Room experiences. 

 
This paper is divided into five sections. The second section encompasses the literature review, 
where we will present two projects: (1) the first project shows what made players feel certain 
emotions, and (2) the second project is a Virtual Reality Escape Room game, where we can 
understand the precautions to be taken. The third section of this paper is where we explain all 
the processes of design and development related to the game, divided by: (1) objectives and 
goals; (2) platform and tools used; (3) prototyping and iteration; (4) game mechanics; (5) 
environments and scenarios; (6) interaction and controls; (7) emotions addressed; and (8) 
challenges and solutions in game development. Section 4 follows with the results, where we will 
present the evaluation of the first prototype in a Nursing Teaching Institution divided by: (1) the 
preparation; (2) testing; (3) questionnaire used; (4) questionnaire results; and (5) evaluation of 
results and feedback. In the last section, we will draw the conclusions of the project, presenting: 
(1) the main discoveries and contributions; (2) comparison to previous studies; and (3) future 
improvements and recommendations for future studies. 
 
Emotion Elicitation Case Studies Analysis 
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 XEODesign 
 
XEODesign embarked on an extensive eleven-year investigation aimed at unraveling the 
intricate relationship between emotions and video games, with the ultimate goal of infusing 
future games with heightened emotional depth. Participants engaged in gaming sessions lasting 
between ninety and one hundred and twenty minutes within the comfort of their own homes. 
Their insights, thoughts, and emotional experiences were shared throughout these gaming 
sessions. Moreover, some sessions involved online group gameplay [4]. 
 
Through the analysis of more than 40 million player experiences and extensive research and 
design efforts, XEODesign sought to answer several fundamental questions [4]: 

• The Spectrum of Emotions: The researchers delved into the myriad of emotions that 
players experience during gameplay. This included emotions like anger, excitement, and 
even moments of emotional vulnerability, such as crying; 
• Emotions Beyond Story: XEODesign aimed to identify emotions in games that are not 
solely tied to the game’s narrative but arise from the gameplay itself; 
• Motivations for Play: They sought to understand whether players engage in gaming not 
just for the challenge but for the emotional experiences’ games provide. This led to 
questions about where these emotions originate during gameplay; 
• Emotion Modification: XEODesign investigated whether players actively modify their 
gameplay experiences to elicit specific emotions; 
• Building Emotions into Gameplay: The study explored the possibility of integrating 
emotion-inducing elements or actions within gameplay, rather than relying on cutscenes. 
They also examined to what extent game developers were already implementing such 
strategies; 
• Player Experience and Preferences: XEODesign uncovered that players engage with games 
not just for the games themselves, but for the unique experiences these games create. 
These experiences encompassed adrenaline rushes, immersive adventures, mental 
challenges, moments of solitude, or social interactions. 

 
To address these inquiries, XEODesign conducted a rigorous research study involving 15 
hardcore gamers, 15 casual gamers, and 15 non-players. The study encompassed diverse gaming 
environments, ranging from individual home settings to multiplayer sessions. Both qualitative 
and quantitative data collection methods were employed, including video recordings, 
questionnaires, and observations of facial and non-verbal cues during gameplay [4]. 
From this extensive research, XEODesign identified Four Keys to understanding how emotions 
manifest during gameplay [4]: 
1. Hard Fun: This key focuses on the emotional responses arising from meaningful challenges, 

strategies, and puzzles. Players often enjoy the thrill of overcoming obstacles, leading to 
emotions like Frustration and Fiero (a sense of personal triumph); 

2. Easy Fun: Here, the focus is on the sheer enjoyment of engaging in game activities. This key 
capitalizes on player curiosity, enticing them to explore game worlds and experience 
emotions like wonder, awe, and mystery; 

3. Altered States: This key revolves around the transformation of the player’s internal 
emotional state during gameplay. Emotions like Excitement and Relief emerge through in-
game interactions, thoughts, and behaviors; 

4. The People Factor: Emphasizing the social dimension of gaming, this key pertains to the 
emotions generated through player interactions, including competition, cooperation, and 
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performance. It encompasses emotions like amusement, schadenfreude (pleasure from 
others’ misfortune), and naches (pride in another’s accomplishment). 

 
In the fascinating landscape of gaming, the findings of this study unravel a profound truth: 
people engage with games not solely for the thrill of victory or the allure of a compelling 
storyline but to orchestrate, alter, and immerse themselves in a symphony of internal 
experiences [4]. According to this study’s findings, adults use games as a means of building their 
emotional landscapes, finding refuge from daily tasks, experiencing the thrill of success, and 
exploring previously unexplored domains of wonder and curiosity [4]. Games also provide 
players with the freedom to design their own moments of relaxation, contentment, and self-
affirmation, which adds to the fascinating kaleidoscope of emotions that motivate their gaming 
experiences [4]. In addition, understanding the “Four Keys” to unleashing emotions in video 
games provides valuable insights into the nuances of player experiences. These findings not only 
shed light on why we play games, but they also open up a world of opportunities for game 
designers to create emotionally powerful experiences by cleverly playing with these keys [4]. 
 
 
 
VR Escape Room Game 
Samira and Layla, students from Al Yamamah University, created an Escape Room game to help 
players improve their skills. In this game, players solve puzzles to escape from different rooms. 
They also wanted to make sure players did not feel sick while playing in Virtual Reality (VR) [7]. 
To do this, they made it so players move using teleportation, which means they do not have to 
physically move in the real world. This VR Escape Room game is all about boosting problem-
solving, thinking, and observation skills, among others [7]. 
 
The game mixes three types of experiences: horror, puzzles, and adventure, each in a different 
room. To move forward, players need to understand the stories in these rooms and solve puzzles 
involving math, patterns, and combinations. It is possible to go from room to room, and as it 
progresses, the challenges become tougher. Since players move with teleportation, the game is 
quicker, taking about 10 to 15 min per room [7]. 
 
The game starts with a menu, and once It begins, puzzles need to be solved. Each room gives a 
limited number of tries and if the player fails too many times, the game ends. They have four, 
three, and one tries for the first, second, and third rooms, respectively. If the player can use their 
skills and finish all the puzzles within these attempts, they win the game [7]. 
 
To create this Escape Room game, they used the HTC Vive Virtual Reality headset [17] Unity3D 
[18] as the game engine with the C# programming language [19], VRTK [20], and SteamVR [21] 
for VR support, and Blender [22] for making 3D models [7]. They designed the game’s movement 
to reduce motion sickness, which can happen when the actions taken in VR do not match the 
real world. Besides teleportation, the game moves based on where the player looks, which 
makes it feel more natural [7]. 
 
When it starts, the player picks “start game” to get to the first room. To open the door to the 
next room, the player needs to touch the door with the right answer. If it is right, it turns green. 
Math puzzles need a key as the answer, while pattern puzzles use a cube, as shown in Figure 1 
[7]. 
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Figure 1. VR Escape Room game puzzle examples. 
 
As the game was developed to be, among other things, a horror game, the environment is scary 
and the background music adds to the experience. They also created a menu where you can 
learn about each room’s story [7]. 
 
For testing, they split participants into two groups: one without teleportation (they had to move 
physically) and one with teleportation (they used the HTC Vive controllers to move). Figure 2 
shows how much time each group took to finish the game and how sick they felt. The time is 
measured in minutes [7]. From Figure 2, we see that the group without teleportation did not 
take a lot more time to finish the game, but they felt sicker. The shorter time in the game helped 
with motion sickness, but people who took more time felt more immersed [7]. 
 

 
Figure 2. Relationship between time and VR sickness level felt by non-teleportation and teleportation groups [7]. 
 
This VR Escape Room game, as designed and implemented in this research, serves as an 
intriguing case study in the realm of emotion elicitation through Virtual Reality experiences. The 
study effectively taps into the immersive potential of VR to elicit a range of emotions in players. 
By combining horror, puzzle-solving, and adventure elements, the game creates an environment 
that naturally triggers negative emotional responses. Horror, for instance, can evoke fear, 
tension, and suspense, while challenging puzzles stimulate frustration, curiosity, and satisfaction 
upon their completion. In contrast, adventure elements often introduce excitement and 
anticipation. One of the notable findings is the correlation between the time spent in the VR 
game and the depth of emotional engagement. Players who dedicated more time to the game 



38 | P a g e  
 
 
 
 
 

reported a stronger sense of immersion. This is a significant insight because it indicates that VR 
experiences have the potential to establish profound emotional connections with users, akin to 
traditional forms of entertainment like movies or literature. This emotional depth can contribute 
to a more memorable and impactful experience. 
 
In conclusion, this study showcases the multifaceted potential of VR technology in eliciting 
emotions and enhancing the overall user experience. It not only highlights the effectiveness of 
this VR Escape Room game in stimulating emotions but also underscores the importance of user 
comfort in sustaining engagement. 
 
Game Design and Development 
 
Objectives and Hypotheses 
 
The objective of this game was to develop an Escape Room where, while the players explore and 
complete puzzles to progress in the game, triggers would be added to elicit positive and negative 
emotions through visuals or sounds, as well as using the puzzles themselves. Having this in mind, 
we needed to be careful while triggering negative emotions, as we wanted to keep players 
engaged and motivated to complete the game. 
 
With this, we created seven different hypotheses that lined up with the game objectives as well 
as the themes explored with this project: (1) emotions; (2) Virtual Reality; and (3) elicitation of 
emotions in games. All these hypotheses will be explored in the Conclusion section of this paper. 
The seven hypotheses are as follows: 
H1. It is not possible to predict the exact emotions that will be felt by the players; 
H2. The players are not able to identify everything they feel; 
H3. Virtual Reality contributes to a better player experience; 
H4. Eliciting negative emotions does not make the players give up on the game; 
H5. Eliciting negative emotions does not make the players dislike the game; 
H6. Negative emotions affect the puzzle-solving time; 
H7. Different individuals can experience multiple emotions, both positive and negative, in 
response to the same game element. 
 
 Game Specification 
 
The game “Escape VR: The Guilt” is a Virtual Reality game that falls under the genres of Escape 
Room and mystery. The player finds themselves in a dark house, where they must complete 
various puzzles in a linear fashion, meaning each puzzle unlocks the next one. Throughout the 
game, the player will come across several clues that unravel parts of the narrative. This narrative 
focuses on the lives of the game’s characters, John and Mary, and although there is a storyline, 
it remains open-ended, allowing each player to have their own personal interpretation of what 
happened. In order to make the puzzles more challenging, the player is immersed in this dark 
environment filled with elements designed to stimulate the player’s emotions. 
 
As mentioned before, the player will have access to clues that reveal part of the narrative; these 
clues are: (1) the pages of the diary (Figure 3); and (2) post-its (Figure 4). 
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Each page of the diary features a date, followed by a text written by John, and ends with his 
signature. In total, the game contains six pages that the player can find in the following rooms: 
(1) one page in the living room, (2) two pages in the bedroom, and (3) three pages in the office. 
The objective of this game element is to convey the narrative to the player in a way that is 
engaging and arouses curiosity about what happened. The open-ended nature of the narrative, 
especially in the diary pages, is intended to pique the player’s curiosity, allowing them to form 
their own perception of John and Mary’s story. The player gradually obtains the pages as they 
progress through the game, but it is only in the office that they discover the need to connect the 
diary pages in a specific order to obtain a code. This code is used to lock a cabinet in the 
laboratory. Upon successfully opening it, the player sees their reflection in the mirror and 
realizes they are John. 

 
Figure 3. Example of pages of the diary. 

 
Figure 4. Example of post-its. 
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The post-its are presented near the object that players need to interact with, in order to help 
them find their way. As players find the object and try to interact, a new clue will instruct them 
on what to do and what tools to use, as Figure 4 shows. 
 
Emotions Addressed 
 
Based on the research gathered in the state-of-the-art, we can verify that it is not possible to 
guarantee that a player will feel exactly the emotion we have in mind. However, using Norman’s 
generic list of positive and negative emotions, we can predict whether a certain element will 
evoke a positive or negative emotion [1,2,23,24]. Therefore, since the game aims at Eliciting 
Emotions, we created, in collaboration with our partners, a list of elements that we wanted to 
serve as triggers for positive and negative emotions. These elements were based on the research 
findings from XEODesign [4]. In Table 1, we can see the elements that were designed as triggers 
for positive emotions, and, in Table 2, we can see the elements that were designed as triggers 
for negative emotions. 
 
Table 1. Positive emotions trigger elements. 

 
Table 2. Negative emotions trigger elements. 
 

Element Description 
Narrative and Environment The narrative and game environment provide the story of John and Mary, 

where the player gradually discovers what happened. The player has an open-
ended story to fill in the gaps with their own interpretation. 

Easy-to-Solve Puzzles Leading the player to believe that the puzzle will be complicated, while in 
reality, it is quite simple. 

No Inventory This way, the player can only carry one item in each hand. 
This requires them to move around the house more often. 

Dark Environment The game environment is dark, with some parts completely dark that can only 
be navigated with the flashlight. 

Flashlight The flashlight does not automatically point in the direction the player is 
looking. The player must manipulate the controlle to aim the flashlight where 
they want. Additionally, the player needs to be careful not to lose the 
flashlight in the dark. 

Cockroaches Cockroaches appear in the trash, where the player has to reach into them to 
retrieve a key. 

Chest Lock It requires the player to crouch down and be at the correct distance to rotate 
it to the correct numbers. 

Mary’s Body and Eyes Mary’s body changes position every time the player looks away. When the 
player approaches the body, Mary’s eyes follow the player. 

Sounds Using three whispers from a woman when the player is on the stairs, in the 
dark. 

Heights The player has to pass through a hole in the balcony of the room using a 
narrow plank. 

 
Game Mechanics 
 
Locomotion 

Element Description 

Completing Objectives The player is able to complete objectives after several attempts. 

Progressing in the Game The feeling of game progression when completing an objective. 

Game Mechanics Because they are simple to learn and interesting to use. 
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The possibilities for locomotion are countless in a virtual environment. However, in order to 
guarantee continued immersion, it was crucial for us to ensure that the movement was as 
authentic as possible. We started with a slightly different locomotion system, in which the 
players only had to move their hands forward and backward, as if they were walking in real life, 
to move in the direction they were looking. However, once we began interacting with various 
game elements, small movements required the user to stop what they were doing in order to 
move slightly, which ended up completely breaking immersion. Following this insight, we were 
divided between incorporating joysticks or teleportation. This is due to the fact that, on the one 
hand, joysticks can provide a more immersive experience while also increasing the risk of motion 
sickness, and, on the other hand, teleportation has a low risk of motion sickness but greatly 
disrupts immersion in our game. We decided to proceed with joysticks, using the input from the 
left controller’s joystick to move forward, backward, and sideways, and the right controller’s 
joystick for 45-degree rotations that help facilitate movement within the environment. 
 
Grabbables 
These are all the objects that the player can pick up during the game. Throughout the game 
planning, we realized what all the objects the player can pick up have in common and what they 
need to function: picking up, dropping, simulating physics, and occlusion. All grabbable objects 
have a green outline. This way, the players know the important objects in the game and do not 
waste time looking for them. Figure 5 shows an example of a grabbable. 
 

 
Figure 5. Example of a grabbable. 

Objectives System 
This system controls the appearance of objectives to guide the players on what they need to do. 
At the beginning of the game, the first objective for the first puzzle to be completed appears for 
the first time. Subsequent objectives only appear sequentially after completing the previous 
puzzle. Figure 6 shows an example of an objective. 
 
Doors 
For the players to be able to enter a room, they need to insert the key corresponding to that 
door to be able to unlock it. After that, the players need to use the commands to open the 
handle as a grabbable and push the door open. If the player inserts the wrong key, it will fall to 
the ground, and a warning will appear saying that the key is not the correct one. 
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Trash Puzzle 
This is the first puzzle that players will interact with. In order to complete this puzzle, they need 
to beat the trash lid with a hammer using a specific amount of force. If the players apply less 
force, it will tell them to hit harder. If they use the wrong tool, it will warn them. When the 
players completely open the lid, it will show a key to the next door, and the cockroaches are 
triggered to animate around the trash. Figure 7 shows the trash opened. 
 
 

  
Figure 6. Example of an objective. 

 
 

 
Figure 7. Trash opened with grabbable key and cockroaches. 

 
Chest Puzzle 
In this second puzzle, the player’s objective is to decipher the code for the chest lock, which 
consists of four digits, in order to obtain the key to another room in the house and the flashlight 
that allows them to navigate in the dark. We decided that the code would be the month and day 
of a specific date. As a clue for the player, we scattered various frames with dates throughout 
this room, where the chest is located. We also placed the first page of one of the diary pages 
near the chest. All the diary pages have a date, and the idea is for the player to notice that the 
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same date on the diary page is also present on one of the frames. We specifically placed this 
frame as close to the chest as possible. To enter the code on the chest lock, the player simply 
needs to crouch down and use the Hand Trigger button, which is also used to grab grabbables, 
to click next to the number they want to modify. The number will then rotate in the positive 
direction (if it is on one, it moves to two, if it is on two, it moves to three, and so on until it 
reaches nine, which then moves to zero). Figure 8 shows the chest puzzle. 
 

 
Figure 8. The chest puzzle  

 
 
Flashlight 
The flashlight is a grabbable object, which means that when the player picks it up and releases 
it, it turns the flashlight on and off, respectively. For this flashlight, we wanted a realistic 
behavior where, when we point it towards a dark area, that area becomes illuminated, 
considering the distance from the flashlight. The player finds this flashlight after completing the 
chest puzzle and can use it in the dark areas of the house to see the path and objects. 
 
Safes Puzzle 
In this puzzle, the player’s objective is to find the keys scattered around the Bedroom area, the 
same area where the three safes are located, in order to unlock the safes and find the key to the 
next area, which is only in one of them. The function of the keys is the same as that of the doors. 
Figure 9 shows the chest puzzle, with the player using the flashlight to be able to see. 
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Figure 9. The chest puzzle with flashlight  

 
 
Diary Pages Puzzle 
Upon completing this puzzle, the player unveils the final word that will be needed for the last 
puzzle. Here, the player must collect all six diary pages and place them in the correct order, 
revealing the letters as they are placed on the board. The positioning of the diary pages on the 
board must be from left to right. If the position where the player is trying to place the page is 
already occupied, the page simply falls down. Otherwise, we programmatically animate the 
movement and rotation of the page to the position on the board and reveal the correct letter, 
displaying it beneath the page. Once the player places all the pages, if they are not in the correct 
position, a message is displayed indicating that the positioning of the pages is incorrect. 
Otherwise, the puzzle is considered completed, and a message is shown to the player indicating 
the next objective, which is a clue for the next puzzle, the bookshelf puzzle. It activates the 
television in the same room (Office), which serves as a clue with three symbols for the next 
puzzle, the bookshelf puzzle. Figure 10 represents the diary pages puzzle, and Figure 11 is the 
television with the clue for the next puzzle. 
 

 
Figure 10. The diary pages puzzle. 
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Figure 11. TV with clues. 

 
One of the pages required to complete this puzzle is on the balcony, which itself is a small puzzle. 
Here, the player must realize that they need to use a wooden plank (grabbable) that is on the 
balcony and place it over the hole in the balcony that prevents the player from obtaining the 
diary page. Figure 12 shows the wooden plank in place to allow the player to get the diary page. 
 

 
Figure 12. Wooden plank. 

 
 
Bookshelf Puzzle 
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In this puzzle, the player must find the correct books among all those on the bookshelf in order 
to open it and access the laboratory. The previously stated television provides the hint for the 
correct books, displaying a total of three symbols that are marked on the spines of the correct 
books. All the books have symbols on their spines, but only three of them correspond to the 
symbols shown on the television. Once the player finds the books, they simply need to grab 
them, and the books will animate to protrude further from the shelf. When all three books are 
activated, a secret door opens to the next room. 
 
Mirror Puzzle 
In this puzzle, the player must use the word revealed in the diary pages puzzle to open the small 
cabinet in the laboratory. The player needs to put small-lettered pieces that form the correct 
word in the correct order, through the cabinet’s lock. These pieces can be found scattered 
around the laboratory. Once the player completes the puzzle, the lock animates to fall, and the 
cabinet door opens. Inside, the player encounters a mirror where they realize they are John. 
Figure 13a shows the locker, and Figure 13b shows John in the mirror. 
 
Controls 
The controls for this game are very simple to learn and use (Figure 14). In order to move through 
the environment, the player needs to use the joystick (1) in the left hand. To be able to move 
the direction by 45 degrees, the player needs to use the joystick (1) in the right hand. To be able 
to grab the objects, the player needs to use the back button (5) of either command. Figure 14 
shows the controls of an Oculus Quest command. On the right hand, we can also find two 
buttons with the letters “B” and “A”. In order for the players to see the present objective, if they 
forget, they can press the “A” button, and the message will appear again. 
 
 
 
 
 

 
                           (a)                                                                             (b) 
Figure 13. (a) Locker; (b) player in the mirror. 
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Figure 14. Game controls (1—thumbsticks (joysticks); 2—menu button; 3—oculus button; 4—grip buttons; 5—
triggers/grip (back buttons). 

 
Challenges and Solutions in Game Development 
 
Movement through Objects 
Virtual Reality always poses a significant challenge in terms of gameplay design since it relies on 
the player’s real-world movement, which cannot be controlled. With that in mind, we had to 
come up with a solution for the issue of the player passing through objects they should not be 
able to, such as walls or doors. The challenge here was not when using the joystick, as that can 
be easily restricted with a simple check: whether the next position will or will not pass through 
the wall. The real challenge lay in the player’s physical movement within the game space. We 
had two initial solutions. One was to darken the screen until it became completely black when 
the player tried to pass through any object we did not want them to see until the appropriate 
moment, and then block their movement in the game, preventing the player from feeling motion 
sickness when the game stops moving with them. The second option involved pushing the player 
backward whenever they tried to pass through a collider. The results of this latter solution were 
much more realistic than the former, so we proceeded with the second option. 
 
Grabbables 
After the first internal test, we realized that most players had difficulty understanding what a 
grabbable object was, i.e., an object that could potentially be important for solving a puzzle, and 
what was not. To address this problem, we decided to add an outline around objects, which we 
easily achieved using a plugin we found in the Unity Asset Store called Quick Outline. We created 
a simple check within the Update event that uses the previously mentioned Overlap Sphere 
method to detect hands within a certain distance. If a hand is detected, the outline is turned on; 
otherwise, it remains off. 
 
Shortly after the first internal test, we encountered a problem that required a quick solution. It 
was possible to grab a grabbable object and pass it through other objects, such as a wall (in 
which case it would fall on the other side of the wall when released). To address this situation, 
we first had to create a method that checked whether the object was being rendered by the 
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camera or not. Initially, we used the “isVisible” variable exposed in the Unity Mesh Renderer 
class to check if the object was within the camera’s field of view or not. However, this variable 
did not provide reliable results. Therefore, we implemented our own solution, where we 
perform a LineCast (similar to a Raycast but with a start and end point instead of just a start 
point and direction) for each vertex belonging to the Mesh Renderer’s Bounding Box (in case 
there are multiple Mesh Renderers, LineCasts are calculated for all Bounding Boxes). If at least 
one of the LineCasts does not detect any collisions with objects in the scene, it means the object 
is not completely occluded by another object. In such cases, when the object is released, it 
simply falls without any restriction. Otherwise, a Raycast is performed from the player’s head 
towards the center of the grabbable object, and when the ray hits another object, the grabbable 
object is moved to that point. Then, a force is applied to the grabbable object in the direction of 
the player’s face to ensure it does not get stuck inside the other object. 
 
Flashlight 
We created the lantern mesh in Blender, and in Unity, we added the Light component in Spot 
Light mode to the front part of the lantern. We realized that the Unity Standard Renderer 
Pipeline was somewhat limited for our purposes, as the light effect appeared unrealistic due to 
the baked shadows not being completely eliminated when the lantern received light. For this 
reason, we decided to switch to the Universal Renderer Pipeline, which not only provided the 
desired light effect with less effort but also made all colors more saturated, resulting in a more 
appealing environment. To control the lantern, we created a new class that contains the 
necessary methods to turn the light on and off. Since the lantern is a grabbable object, we used 
the events (mentioned earlier) that are triggered when the player picks up and releases the 
lantern as input triggers to turn the light on and off, respectively. Initially, we wanted the lantern 
to always be on. However, due to our limited time, we could not find a better solution to the 
problem of the lantern’s light passing through objects like walls. We also attempted to control 
the lighting distance using the Raycast method to determine the distance to the objects the 
lantern is pointing at, but the results were not satisfactory. 
 
Mirror 
Initially, we wanted a realistic mirror effect where the player’s movement and head rotation 
were calculated to create a more realistic effect. Additionally, we wanted to use Inverse 
Kinematics on the upper limbs to give the player the perception that they were seeing 
themselves in the mirror. We ended up adding Inverse Kinematics to the character’s hands using 
a plugin available in the Unity Asset Store called Fast IK. However, we realized that making the 
mirror effect more realistic was not necessary because, at the moment the player completes the 
puzzle, their movement is blocked, and after just seven seconds, we darken the screen until it 
becomes completely black, with the only thing visible being a final message thanking the player 
for playing. 
 
Illumination 
Lighting is one of the most important and challenging aspects of this game. We used Unity’s 
baking system to avoid dynamic lighting for performance reasons. Due to the complexity of our 
environment, the results were not as strong as we would have liked, but they were still 
considered decent. Since we did not have dynamic lighting, props that were not static would not 
be influenced by ambient light. To solve this problem, we added Light Probes. By carefully 
placing these probes throughout the scenes and performing a light bake, each probe retains the 
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lighting information at that point and thus influences dynamic objects that pass through those 
points. 
 
Optimization 
Optimization is a crucial part of Virtual Reality development, especially on the Oculus Quest, as 
it has limited processing power, which is the trade-off for its incredible freedom as a standalone 
device. The first and most important indicator of how optimized the game is, is the frames per 
second (FPS), which needs to be consistently at 72 FPS (as the Oculus Quest limits the FPS to 72). 
Even occasional FPS drops can make players feel nauseous, so it is important to avoid them as 
much as possible, although it is not an easy task. Throughout the development process, we were 
very careful about the amount of processing power we were using for all the necessary 
calculations, such as physics and distance calculations, which were constantly needed. This was 
obviously important for optimization, but we quickly realized that our main issue was with the 
visual aspect. 
 
A game can be CPU-bound, meaning that the performance impact is mostly related to non-visual 
calculations. However, in our case, the worst scenario was that the major performance impact 
was related to visual calculations (GPU-bound), and ideally, we wanted a balance between the 
two. It was the worst of both possibilities because minimizing visual processing is not an easy 
task.  
 
Initially, we wanted to create a highly realistic environment, full of details. However, we reached 
a point where we had to find another solution because it was impossible to maintain the number 
of Batches and SetPass calls within the necessary limits to keep the FPS consistently at 72. 
Batches refer to the number of objects that the CPU can combine if they have the same material 
and are static, while SetPass calls are related to the need to switch to another material. For 
example, if we have two objects with the same material and they are static, we have one Batch 
and one SetPass call. If they are not static, we have two Batches and one SetPass call. If we have 
two different materials, even if they are static, we have two Batches and two SetPass calls. This 
gives us an idea of how limited we became. 
 
Therefore, we decided to change our visual style to a more cartoonish style, taking advantage 
of a single material with a lightweight shader and a texture that we used to texture our models. 
Some of the props we obtained from the Asset Store retained their own materials but, since 
there were only a few, we did not consider it a significant issue. With careful consideration to 
make everything that could be static actually static and using baked lighting (removing all 
dynamic lighting except for the lantern), we were able to achieve the desired 72 FPS for almost 
the entire game. 
 
Results 
 
Prototype Testing 
Preparation 
At the beginning, participants were informed that this game was an Escape Room designed to 
elicit emotions. We explained the basic concept of the game, emphasizing that each objective 
would be clear and that they should focus on that to minimize exploration and speed up testing. 
Finally, we provided some tips, specifically for participants who were experiencing VR for the 
first time, on how to properly adjust the Oculus Quest to their face to achieve the best possible 



50 | P a g e  
 
 
 
 
 

image quality. Once the participant indicated that they were satisfied with the adjustment, we 
instructed them to press the A button to start the game. 
 
Participants 
The tests for this project were conducted with two groups of people. The first group consisted 
of five individuals from the nursing field, and the other five individuals were from the gaming 
field. With a total of ten participants, the objective of these two groups was to evaluate the 
game with the initial target audience of our partners, but also to include more experienced 
participants to assess the differences between the two groups. The use of individuals from such 
diverse areas with different experiences in gaming and Virtual Reality was very interesting in 
understanding the gameplay process. This way, we could determine if the game is suitable for 
any user through an analysis of data from various player types. It is important to understand the 
difficulties and suggestions in order to improve this prototype in the future. 
 
The tests with the nursing group were conducted at the University of Minho, Portugal. These 
tests started at 9:30 AM and ended at 2:00 PM. All participants in this group were female, aged 
between 21 and 30 years. The overall gaming experience level of the participants was 3. Out of 
the five participants, only one mentioned having previous experience with Virtual Reality, but 
she was always accompanied. Only one participant was able to complete the game, as the others 
started feeling nauseous and were instructed to end the experience. One disadvantage of this 
group was the lack of English language proficiency. Since the game is entirely in English, four out 
of the five participants required external assistance to translate the on-screen text. Table 3 
shows these sociodemographic elements of the first group, including their profession or field of 
study, overall gaming experience level, previous experience with Virtual Reality, and the 
approximate time each participant took to complete (or not) the game “Escape VR: The Guilt”. 
 
 
Table 3. Group 1 sociodemographic description. 

 
 Genre Age Area Level VR Time 

1 Female 23 Nursing 2 No 1h 15 min 
Finished 

2 Female 30 Nursing 4 Yes 45min 
Not finished 

3 Female 21 Nursing 3 No 55min 
Not finished 

4 Female 23 Nursing 3 No 50min 
Not finished 

5 Female 23 Nursing 3 No 45min 
Not finished 

 
The tests with the second group, consisting of participants from the gaming field, were 
conducted at the Polytechnic Institute of Cávado and Ave, Portugal. These tests took place 
throughout the remaining day until 9:00 PM. Two participants in this group were female, while 
the other three were male. The ages of these participants ranged from 23 to 42 years. Despite 
all participants being from the gaming field, they had different experiences: one participant had 
experience in game design, two participants had experience as artists, with one of them being a 
professor in the field, and the remaining two participants were experienced in game 
development. All participants had a high level of overall gaming experience. Only one participant 
had never experienced Virtual Reality before. Only the first participant in this group was unable 
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to complete the game, unfortunately, because the Oculus Quest devices ran out of battery and 
the participant was unable to wait for them to recharge. Similar to the previous table, Table 4 
represents the sociodemographic elements of the next five participants, including gender, age, 
profession or field of study, overall gaming experience level, previous experience with Virtual 
Reality, and the approximate time it took them to complete (or not) the game “Escape VR: The 
Guilt”. 
 
Table 4. Group 2 sociodemographic description. 

 Genre Age Area Level VR Time 

1 Female 23 Nursing 5 No 45min 
Not Finished 

2 Male 30 Nursing 5 Yes 20min 
Finished 

3 Male 21 Nursing 5 Yes 20min 
Finished 

4 Female 23 Nursing 4 Yes 15min 
Finished 

5 Male 23 Nursing 4 yes 50min 
Finished 

 
Prototype Evaluation 
 
Questionnaire Results 
After each participant completed their experience, they were asked to move to another room 
to answer the questionnaire. Someone was present to monitor the responses and assist with 
any questions related to the questionnaire. All participants answered the questionnaire to the 
best of their ability. 
 
For each section of the questionnaire, we will present a calculation for a 95% confidence interval 
for the mean values of emotions experienced in both the Nursing and Games groups, 
considering that each group had five participants. To do this, we considered the use of the 
standard error of the mean (SEM) formula: SEM = Standard Deviation/ (Number of Participants). 
Then, we considered the use of the SEM to calculate the margin of error (MOE) and construct 
the confidence intervals: Margin of Error (MOE) = SEM * Critical T-Score (for a9 5% confidence 
level with 4 degrees of freedom). Finally, we calculated the confidence intervals: Confidence 
Interval (CI) = Mean ± MOE. 
 
Emotions Experienced 
In the first section of the questionnaire, players selected the emotions they felt during the game. 
A total of fifty-one emotions was reported by the ten participants (Figure 15). 
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Figure 15. Section 1 questionnaire results. 

 
Admiration, Pride, Satisfaction, Fear, and Disgust were the most frequently experienced 
emotions. Conversely, emotions like Hope, Shame, and Contempt were seldom felt, with only 
one participant experiencing each. The table below (Table 5) depicts the emotions felt by all 
participants, differentiating between the Nursing and Gaming domains, and shows the results 
of their confidence intervals. 
 
Table 5. Standard deviation (SD) and 95% confidence interval (CI) calculated for each emotion felt by each group 

Emotion  Group  Mean  SD 95%CI 

Joy  Nursing 1 0.447 1 ± 0.350 

 Games 3 0.488 3 ± 0.380 

Admiration Nursing 4 0.894 4 ± 0.699 

 Games 3 0.577 3 ± 0.451 

Pride Nursing 2 1.140 2 ± 0.891 

 Games 5 0.577 5 ± 0.451 

Hope Nursing 0 0.000 0 ± 0.000 

 Games 1 0.577 1 ± 0.451 

Satisfaction  Nursing 3 1.140 3 ± 0.891 

 Games 4 0.894 4 ± 0.699 

Fascination  Nursing 3 1.140 3 ± 0.891 

 Games 3 0.577 3 ± 0.451 

Desire Nursing 2 0.894 2 ± 0.699 

 Games 1 0.577 1 ± 0.451 

Sadness  Nursing 2 1.140 2 ± 0.891 

 Games 1 0.577 1 ± 0.451 

Fear  Nursing 4 0.894 4 ± 0.699 

 Games 3 0.577 3 ± 0.451 

Shame Nursing 0 0.000 0 ± 0.000 

 Games 1 0.577 1 ± 0.451 

Contempt Nursing 0 0.000 0 ± 0.000 

 Games 1 0.577 1 ± 0.451 

Anger  Nursing 2 1.140 2 ± 0.891 

 Games 4 0.894 4 ± 0.699 
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Boredom  Nursing 0 0.000 0 ± 0.000 

 Games 2 0.577 2 ± 0.451 

Disgust Nursing 0 0.000 0 ± 0.000 

 Games 5 0.894 5 ± 0.699 

 
 
Triggers for Emotions 

In the second section, participants described the game elements that evoked these emotions. 
Here are the emotions experienced within the Nursing group, along with their associated 
triggers, as provided by the participants: 
 
• Joy: “The act of playing brought me joy”. 
• Admiration: “When I found John’s body”; “The fact that the game takes place in a house”; “I 
admired the graphics, the arrangement of objects, how they were scat tered throughout the 
house”; “I was amazed to see the cockroaches because I didn’t expect them”. 
• Pride: “I felt proud to be able to complete the challenges”; “I felt proud when I could complete 
the challenges”. 
• Satisfaction: “Solving the puzzles in the diary and the laboratory”; “I felt satisfied for being 
able to complete the challenges; for having reached the final challenge”; “I was pleased when I 
could complete the challenges”. 
• Fascination: “The storyline, the presence of a laboratory in a regular house, and the two 
corpses. The sequence of steps that always leads us to search for more clues”; “I was fascinated 
by the cockroaches and the corpse”; “I was fascinated by the game mechanics”. 
• Desire: “The desire to finish the game”; “Finding the various puzzle pieces. Wanting to open 
the doors of the furniture and the present on the table”. 
• Sadness: “When I found Mary’s body”; “The fact that I realized the importance of language in 
everyday life; not being able to complete the game”. 
• Fear: “When I went to get the diary page on the balcony; entering dark areas”; “The overall 
dark tone and finding the corpses, and the woman’s corpse following the player with her eyes”; 
“I felt scared when I saw the cockroaches”; “I felt anxious every time I heard the voices in my 
ear”. 
• Anger: “I felt frustrated initially until I understood how the game worked, like using the ax to 
open the trash can. Having to go back and retrieve the diary pages. I felt frustrated when 
dropped the board on the balcony”; “I would get frustrated with myself when I didn’t 
immediately complete the challenges”. 
 
The Gaming group participants also described their emotional triggers: 
• Joy: “Solving the puzzles”; “Exploration”; “I felt joyful as soon as I understood the game 
controllers”. 
• Admiration: “Set dressing”; “Assuming admiration as surprise and not fascination, I was 
amazed when I saw the cockroaches and when I saw Mary’s eyes following me”; 
“The technical elements of VR”. 
• Pride: “Solving the puzzles”; “Completing objectives”; “Having successfully com- pleted the 
puzzles after attempts”; “Completing the puzzles, especially the one with the chest”; “I felt 
proud whenever I completed a challenge”. 
• Hope: “Finding clues”. 
• Satisfaction: “Solving the puzzles”; “Progression”; “Putting the keys in the locks and seeing 
them turn”; “Completing the challenges, and interestingly, I also felt satisfied whenever I could 
open a door without interruptions”. 
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• Fascination: “The way the game clues were arranged”; “Discovering that I was John when I 
looked in the mirror”; “I was fascinated by Mary’s eye movement when I approached her. I was 
also fascinated by the rotating mechanism of the numbers on the chest lock”. 
• Desire: “The story provoked a desire to finish the game, although I’m not sure if this 
is the intended interpretation of desire”. 
• Sadness: “Mary’s story”. 
• Fear: “Mainly the visual and sound environment”; “Passing the board on the balcony; Mary’s 
eyes made me uncomfortable when picking up a page”; “The eerie sounds made me quite 
uneasy, but the scariest moments were when I had to pass through the darkest part of the 
house, the stairs”. 
• Embarrassment: “Taking some time to understand what I had to do to decipher the chest 
code”. 
• Disgust: “Perhaps the main character, in my interpretation of the story”. 
• Anger: “The chest event, searching for the pages”; “Having to go back and forth to pick up the 
diary pages; the chest puzzle”; “Every time I put the keys in the wrong door and the key fell to 
the ground”; “In terms of anger, I’ll mention frustration. I felt slightly frustrated at the beginning 
when trying to understand the controllers. I also felt frustrated when I couldn’t open the chest 
(but I admit I was completely distracted)”. 
• Boredom: “Nothing in particular, although some tasks were a bit laborious”; “Only being able 
to carry two things at a time in my hands”. 
• Disgust: “THE OPEN-EYED CORPSES!”; “Green liquid”; “The cockroaches in the trash made 
quite an impression, especially because of the sound”; “The cockroaches in the trash bin”; 
“CockroacheI. I was disgusted by the cockroaIs... Interestingly, the corpses didn’t bother me, but 
the cockroacI did”. 
 
Emotion Intensity 
This section corresponds to the level of intensity experienced for each emotion. Participants 
provided a rating to express how intensely they felt each emotion. Figure 16 presents the 
average intensity value for each emotion, distinguishing between the Nursing and Gaming 
groups. 
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Figure 16. Average intensity values for emotions. 
 
 
The following table (Table 6) present the emotions felt by all participants, differentiates between 
the Nursing and Gaming domains, and shows the result of their Confidence Interval. 
 
Table 6. Standard deviation (SD) and 95% confidence interval (CI) calculated for the average intensityof each emotion 
felt by each group. 

 
Emotion  Group  Mean  SD 95%CI 

Joy  Nursing 5 0.577 5 ± 0.451 

 Games 4 0.894 4 ± 0.699 

Admiration Nursing 4 0.894 4 ± 0.699 

 Games 4 0.894 4 ± 0.699 

Pride Nursing 4,5 0.577 4.5 ± 0.451 

 Games 4 0.894 4 ± 0.699 

Hope Nursing 0 0.000 0 ± 0.000 

 Games 2 0.577 2 ± 0.451 

Satisfaction  Nursing 4 0.577 4 ± 0.451 

 Games 4 0.894 4 ± 0.699 

Fascination  Nursing 4 0.577 4 ± 0.451 

 Games 5 0.577 5 ± 0.451 

Desire Nursing 4 0.894 4 ± 0.699 

 Games 3 0.577 3 ± 0.451 

Sadness  Nursing 4,5 0.577 4.5 ± 0.451 

 Games 4 0.894 4 ± 0.699 

Fear  Nursing 3 0.577 3 ± 0.451 

 Games 5 0.577 5 ± 0.451 

Shame Nursing 0 0.000 0 ± 0.000 

 Games 3 0.577 3 ± 0.451 

Contempt Nursing 0 0.000 0 ± 0.000 

 Games 1 0.577 1 ± 0.451 

Anger  Nursing 3,5 0.577 3.5 ± 0.451 

 Games 4,5 0.577 4.5 ± 0.451 

Boredom  Nursing 0 0.000 0 ± 0.000 

 Games 2,5 0.577 2.5 ± 0.451 

Disgust Nursing 0 0.000 0 ± 0.000 

 Games 4 0.894 4 ± 0.699 

 
User Experience 
In the last section, participants answered questions related to the user experience based on the 
GUESS questionnaire, which is presented on a linear scale from zero as “ Strongly disagree” to 
five as “Strongly agree”. Participants provided ratings for each question, and the results are 
displayed in Figure 17, differentiating between the Nursing and Games groups. 
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Figure 17. Average ratio for questionnaire’s last section evaluated questions. 
 
In the first question, “It was easy to learn how to play”, four players chose option five, four 
players chose option four, and two players chose option three. In the second question, “ I always 
knew what my next objective was in the game”, three players chose option five, four players 
chose option four, one player chose option three, and two players chose option two. In the third 
question, “Interactions were easy to learn”, six players chose option five, two players chose 
option four, and two players chose option three. In the fourth question, “ I was engaged with 
the game’s story from the beginning”, six players chose option five, two players chose option 
four, one player chose option two, and one player chose option zero. In the fifth question, “I 
became more interested in the narrative as I progressed in the game”, six players chose option 
five, three players chose option four, and one player chose option zero. In the sixth question, 
“The game’s narrative was clear”, two players chose option five, five players chose option four, 
two players chose option three, and one player chose option zero. In the seventh question, “I 
forgot about my daily concerns whilen playing”, six players chose option five, two players chose 
option four, one player chosen option three, and one player chose option zero. In the eighth 
question, “I had fun while playing”, eight players chose option five, and two players chose option 
four. In the ninth question, “I felt my curiosity increasing during the game”, eight players chose 
option five, and two players chose option four. In the tenth question, “The game is original”, 
nine players chose option five, and one player chose option three. In the eleventh question, “The 
game’s audio (e.g., sound effects, music) enhanced my gaming experience”, seven players chose 
option five, one player chose option four, one player chose option three, and one player chose 
option zero. In the twelfth question, “The game’s aesthetics (visual and sound elements) match 
the game’s style”, six players chose option five, three players chose option four, and one player 
chose option three. In the thirteenth question, “I think the game is visually appealing”, five 
players chose option five, four players chose option four, and one player chose option two. Table 
7, present below, presents the results of the Confidence Interval for each group based on each 
question provided in this section of the questionnaire. 
Table 7. Standard deviation (SD) and 95% confidence interval (CI) calculated for each question by each group 

 
Question  Group  Mean  SD 95%CI 
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It was easy to learn how to play Nursing 4 0.577 4 ± 0.451 

 Games 5 0.577 5 ± 0.451 

I always knew what my next 
objective was in the game 

Nursing 4 0.577 4 ± 0.451 

 Games 4 0.577 4 ± 0.451 

Interactions were easy to learn Nursing 5 0.577 5 ± 0.451 

 Games 5 0.577 5 ± 0.451 

I was engaged with the game’s story from the 
beginning 

Nursing 4 0.577 4 ± 0.451 

 Games 5 0.577 5 ± 0.451 

I became more interested in the narrative as I 
progressed in the game 

Nursing 5 0.577 5 ± 0.451 

 Games 5 0.577 5 ± 0.451 

The game’s narrative was clear Nursing 4 0.577 4 ± 0.451 

 Games 4 0.577 4 ± 0.451 

I forgot about my daily concerns 
while playing 

Nursing 5 0.577 5 ± 0.451 

 Games 4 0.577 4 ± 0.451 

I had fun while playing Nursing 5 0.577 5 ± 0.451 

 Games 5 0.577 5 ± 0.451 

I felt my curiosity increasing during the game Nursing 5 0.577 5 ± 0.451 

 Games 5 0.577 5 ± 0.451 

The game is original Nursing 5 0.577 5 ± 0.451 

 Games 5 0.577 5 ± 0.451 

The game’s audio (e.g., soundeffects, music)  
enhanced my gaming experience 

Nursing 5 0.577 5 ± 0.451 

 Games 5 0.577 5 ± 0.451 

The game’s aesthetics (visual and sound elements) 
match the game’s style 

Nursing 5 0.577 5 ± 0.451 

 Games 5 0.577 5 ± 0.451 

I think the game is visually appealing Nursing 4 0.577 4 ± 0.451 

 Games 5 0.577 5 ± 0.451 

 
 
Virtual Reality 
Regarding the Virtual Reality part of the questionnaire, in the question “Did you experience any 
limitations or issues with using Virtual Reality?”, one player chose option five, two players chose 
option four, two players chose option three, four players chose option one, and one player chose 
option zero. The following list presents the comments from participants explaining the 
limitations they felt: 
•“Nausea; dizziness”; 
• “I felt dizzy”; 
• “Some initial difficulty due to never having used Virtual Reality and nausea at the end during 
the laboratory part, when searching for and placing pieces in the cabinet”; 
• “The glasses often became blurry”; 
• “The locomotion caused some physical discomfort, although minimal, which is rare”; 
•“Discomfort with prolonged use”; 
• “As I wear glasses, I had to tighten the Quest to my face, which started to hurt my forehead 
after some time”; 
•“I only had problems at the beginning to calibrate the glasses, but it was a minor issue. I had 
some limitation in opening the lock of the chest, but it was my fault because I was distracted”. 
• “The glasses would blur the game several times; the player’s movements should be slowed 
down”; 
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Feedback 
 To conclude the questionnaire, an optional question, “Do you have any doubts or suggestions 
regarding the game?” was asked, and three participants responded. Here is a list of the answers 
given by the players: 
•“Having a Portuguese version”; 
• “Slowing down the player’s movement; the game should be shorter; there was no direct 
representation of some emotions, and others were very similar”; 
 • “While the darkness adds to the atmosphere, the initial area has unnecessarily dark areas, in 
my o”. 
 
Focus Group Results 
 
After participants completed the questionnaire, they were asked to participate in a focus group 
where we could have an open conversation about their experience during the game. All 
participants agreed. 
 
During the focus group, most participants mentioned that at the beginning they were having 
difficulty understanding how to play the game, mainly because they had never experienced 
Virtual Reality or played an Escape Room before. Some participants mentioned that they spent 
a lot of time looking at objects, waiting for something to happen. Despite this, all participants 
mentioned that once they understood how to play, it was much easier to continue the game 
and enjoy it. Until they grasped the game’s logic, no player progressed beyond the kitchen, so 
they mentioned that it did not interfere with the gaming experience. 
 
After getting into the game’s flow, almost all participants mentioned that they forgot about the 
real world and were completely immersed in the virtual environment. Some barriers to this 
immersion were: (1) not understanding English and needing external help, and (2) external noise 
in the university hallways. Additionally, some participants mentioned that they did not adjust 
the Oculus Quest properly to their faces, causing the headset to move and blur the game during 
certain movements, reminding them that they were in a virtual environment. 
 
Regarding player movement in the virtual world, some participants mentioned that it was 
challenging to adjust the movement speed according to what they wanted to do. A practical 
example was when they wanted to approach an object, and instead of applying gentle pressure 
on the joystick or physically moving in the real world, they pushed the joystick to the maximum. 
This caused motion sickness as they moved too quickly towards an object and were suddenly 
pushed backward. The same participants mentioned feeling reluctant to move in the real world 
for fear of hitting a wall, despite the virtual barrier when approaching physical objects. 
 
Regarding the elicitation of emotions, all participants mentioned that the game achieved its 
objective. They reported feeling some form of emotion throughout the game, even if it was just 
anticipatory anxiety. Regarding the emotion of anger, some participants mentioned not feeling 
anger but rather a sense of frustration. Furthermore, regarding anger and frustration with the 
puzzles, six participants mentioned that they expected the puzzles to be more difficult, so they 
were looking for a more challenging and less obvious solution. This phenomenon led to 
frustration not only with the puzzle but also with themselves. As for the emotion of fear, one 
participant specifically mentioned that they had never considered themselves afraid of heights, 
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but when they had to cross the plank on thebalcony, it caused intense fear, sweaty hands, and 
trembling throughout their body. 
 
With this comment, several participants mentioned that they also had physical reactions 
throughout the experience, including trembling, sweating, and an accelerated heart rate. These 
physical reactions were reported by participants as keeping them more alert during the game, 
as a defense mechanism triggered by fear. Regarding fear, another participant mentioned that 
in real life, they are not bothered by darkness, but in the virtual environment, they felt quite 
anxious when passing through dark areas. In addition to these aspects, the flashlight was 
mentioned as an element that caused fear. Although no participant mentioned this element as 
a trigger in the questionnaire, during the focus group, participants mentioned being afraid of 
losing the flashlight. This fear stemmed from the concern of not being able to find it again and 
the uncertainty of what might happen in the darkness. 
 
Regarding the game’s narrative, half of the participants did not have the opportunity to 
complete the game and reach the end of the narrative. Despite this, two predominant theories 
emerged about what happened. The first theory was that John had committed suicide due to 
what happened to Mary. The second theory was that John had killed Mary and was fabricating 
an entire story. Some players mentioned that they liked the open-ended nature of the story, as 
it allowed them to fill in the gaps and immerse themselves more deeply in the experience. 
However, unlike other players, they felt that many details were missing from the narrative, and 
they did not develop the creativity to interpret the narrative from a personal perspective. 
 
Regarding motion sickness, apart from how players chose to move, a factor that contributed to 
players experiencing discomfort was the delay in their movement initiation. Sometimes it 
seemed like they were in slow motion, taking time to move forward, and then suddenly moving 
quickly. This occurred because we were sharing the game screen on the computer to assist 
participants when needed. However, this issue only affected the first six participants, so we 
decided to stop screen sharing for a better experience. Since the following players had 
experience in VR and understood English, there was no need for screen sharing. 
 
Overall, all participants enjoyed the game and had a positive experience. They felt that more 
negative emotions were elicited than positive ones, but this did not hinder the experience; on 
the contrary, it added to the overall in. 
 
Evaluation of Results and Feedback 
After the questionnaire and focus group results, it was possible to assess the game in terms of 
eliciting emotions, visual and sound aspects, narrative, and user experience. 
 
Starting with the elicitation of emotions, it was clear that the goal of the game was achieved by 
provoking numerous emotions in the ten participants. Comparing the list of game elements 
designed to evoke positive and negative emotions with the list of game elements mentioned by 
the players and their corresponding triggers, it can be seen that the intended triggers did indeed 
provoke emotions. Additionally, there were some additional elements that were mentioned by 
the players. Table 8 presents the triggers designed by the team, along with the additional 
elements mentioned by the players and the corresponding emotions felt. 
 
Table 8. Triggers/emotions description. 
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Triggers Emotions 

Completing objectives Joy, Pride, Satisfaction 

Progressing in the game Pride, Satisfaction 

Game mechanics Admiration, Satisfaction, Fascination 

Exploration Joy 

Visual aspect Admiration 

Finding clues Hope, Fascination 

Finding pieces Desire 

Narrative Fascination, Desire, Sadness, Contempt 

Easy-to-solve puzzles Anger 

Lack of inventory Boredom 

Dark environment Fear 

Flashlight Fear 

Cockroaches Admiration, Fascination, Disgust 

Chest lock puzzle Pride, Fascination, Shame, Anger 

Mary’s body and eyes Admiration, Fascination, Sadness, Fear, Disgust 

Sound design Fear 

Height Fear 

Keys in locks Satisfaction, Anger 

John’s body Admiration, Fear, Disgust 

Toxic liquid Disgust 

 
As one can see from Table 8, in addition to the planned triggers, there were other triggers 
reported by the players. Through Table 8, we can also observe that several elements planned to 
evoke negative emotions also elicited positive emotions simultaneously. Although several 
triggers caused anger in players, the fun elements of completing objectives or solving puzzles 
were often accompanied by satisfaction [5,15]. The fact that the puzzles were easy to solve led 
to feelings of anger and frustration when players were unable to solve them. This phenomenon 
is consistent with research on Escape Rooms, where it was found that while developing a 
creative mindset for puzzle-solving is beneficial, it can also lead to limitations as players expect 
the solutions to be more complex than they actually are [12]. Furthermore, players’ frustration 
with themselves stems from three fundamental concepts of VR: interaction, immersion, and 
engagement [10,11]. This is because an active elicitation of emotions was employed, where 
participants actively interacted with the environment that was designed to provoke emotions 
[10]. 
 
None of the participants mentioned the need to memorize symbols and letters to solve two 
puzzles. As we observed the players during the game, we noticed that they spent some time 
memorizing the symbols and letters, and some players even recited them as they progressed. 
Five participants had to go back to review the symbols and letters. This phenomenon can be 
attributed to stress, which affects players’ memory and poses limitations for puzzles with 
solutions spread across different rooms [12]. In summary, the game successfully achieved its 
objective of eliciting a variety of emotions through a wide range of triggers. 
 
The visual aspect of the game was highly commented on by the participants, both positively and 
negatively. Players greatly appreciated the visual design of the house and its decorations. 
However, they also expressed fear in the dark areas, suggesting that they might have been 
excessively dark. We cannot fully assess the validity of this comment, as it is uncertain whether 
it hinders gameplay or simply serves its purpose of making players uncomfortable in those areas. 
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Regarding the sound design of the game, only the most important sounds were included. Sounds 
such as objects falling were not added in this prototype phase, although none of the players 
mentioned their absence. Based on the questionnaire responses, it is evident that the most 
prominent sounds were the whispers in the dark area on the stairs, which evoked fear, anxiety, 
and apprehension in the players. Only one participant rated the sound design a zero, attributing 
it to the significant background noise in the university that prevented them from hearing any in-
game sounds. 
 
Regarding the game’s narrative, only five players had the opportunity to complete the game and 
experience the full narrative. However, all participants were briefed on the narrative during the 
focus group session. Only one participant rated all aspects related to the narrative with zero, 
simply because they were unable to progress far enough in the game to form an opinion. After 
analyzing the questionnaire responses and considering the comments from the focus group, it 
can be concluded that the successfully fulfilled its purpose and conveyed the intended 
messages. Although some players felt that the narrative was incomplete, this was the intended 
effect, allowing players to use their creativity and imagination to fill in the gaps. Based on 
research on Escape Rooms, involving players in the narrative is crucial for enhancing their 
experience, and one effective approach is to leave the story incomplete to stimulate players’ 
imagination and further engage them in the experience [14]. Therefore, the open-ended 
narrative was generally a good choice and achieved its objective for most Ints. 
 
The user’s experience was evaluated through thirteen questions based on the GUESS 
questionnaire. The results indicate that the game, as an initial prototype, met expectations. 
However, there are several aspects to consider for future development: (1) adjusting the 
physical space to be smaller, (2) improving movement mechanics, (3) incorporating a tutorial 
scene or on-screen instructions for interactions, (4) providing a Portuguese version, (5) creating 
a clearer objective scheme, and (6) enhancing visual feedback. 
 
The adjustment of physical space is necessary because the current space is too long, and 
prolonged gameplay caused some participants to feel nauseous. Additionally, for classroom use 
with our partners, the game should be playable by any type of player within a maximum of thirty 
minutes from start to finish. Improving movement mechanics will also help reduce motion 
sickness and accelerate gameplay. Although joystick movement provides greater freedom, as 
discussed in the work by Samira and Layla, teleportation is a more effective movement method 
to mitigate motion sickness by minimizing the disparity between the virtual and real worlds [7]. 
Some players experienced this disparity, especially when screen sharing the game with a 
computer. While teleportation movement reduces gameplay time, it also limits the exploration 
opportunities that can be provided to players. Consequently, the physical space needs to be 
larger if players decide to explore or interact closely with objects. 
 
The idea of creating a tutorial scene or providing on-screen instructions for button prompts is 
necessary because many future players will be unfamiliar with Virtual Reality. This approach 
allows each player to learn how interactions work and familiarize themselves with the controls 
without interfering with gameplay or the overall experience.  
 
The inclusion of a Portuguese version of the game was already planned among all partners to 
ensure that future players participating in classes at the University of Minho can complete the 
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game without breaking immersion by seeking external assistance. This element was scheduled 
for implementation after the development of this prototype. 
 
Creating a clearer objective scheme stems from the fact that simple on-screen text may not 
effectively capture players’ attention. All participants expressed the need to frequently press 
the ‘A’ button to review information. 
 
The need for improved visual feedback was evident from players’ comments regarding the 
puzzle lock and key interactions. Although players experienced positive emotions upon 
completing these objectives and challenges, from external observation while they played, they 
could not immediately understand why nothing was happening. 
 
Regarding the difference between players from the nursing and game design fields, it was 
understood that players with more gaming experience found it easier to complete the game. 
Although there were participants from the Nursing field with some gaming experience, the more 
detailed and professional knowledge related to gaming experiences enabled the game design 
participants to perform better and complete puzzles more efficiently. Additionally, as the game 
design participants have more experience with various types of games, they experienced more 
anger with certain game elements compared to the nursing participants. This is because in 
entertainment games, such emotions are not intentionally provoked in players, mainly because 
it can disengage them. In this group of nursing students, only one person had previous 
experience with Virtual Reality, but they mentioned being accompanied by their child and never 
having played something as complex as this game. The lack of Virtual Reality experience was 
evident in both the gameplay time and the occurrence of motion sickness. Despite these 
differences, both fields demonstrated their ability to play the game and enjoyed it, making the 
game suitable for players of any background. 
 
The 95% confidence intervals for the “Emotions Experienced” section indicate that the reported 
emotions were quite consistent within both the Nursing and Gaming groups. This suggests that 
the Virtual Reality Escape Room experience effectively elicited a range of emotions in 
participants from both backgrounds, demonstrating the game’s capacity to provoke emotional 
responses irrespective of prior professional exposure. In the “Emotion Intensity” section, the 
results are notably positive. Both groups displayed similar mean intensity scores for various 
emotions, indicating that the game maintained a consistentemotional impact regardless of the 
participant’s background. These findings affirm the game’s effectiveness in consistently evoking 
emotions, further supporting its capacity for engaging players from diverse fields. The “User 
Experience” results, characterized by the 95% confidence intervals, reveal consistently high 
scores across all evaluated aspects for both groups. This implies that the game was well-received 
by participants from both the Nursing and Gaming backgrounds. The high ratings signify that the 
game effectively engaged players and created an immersive and enjoyable experience, 
showcasing its potential to cater to a broad audience. Overall, these confidence intervals reflect 
positively on the game’s effectiveness in delivering a satisfying user experience across different 
participant profiles. 
 
Conclusions 
 
Main Discoveries and Contributions 
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For the development of this game, the first investigation focused on emotions and the human 
being. In this research, we learned that there is no defined concept of emotion, and there is a 
high probability that researchers in this field will never reach a consensus. Emotions are highly 
complex and can be approached from various perspectives. Throughout the historical journey, 
we learned that several researchers and philosophers created their own theories about 
emotions and how they manifest in human beings. During the research for this project, we relied 
on the work of two main researchers: Paul Ekman [25] and Norman [26]. From Paul Ekman, we 
learned that emotions can be interpreted through facial expressions. Ekman developed a 
measurement system for identifying emotions based on generic facial expressions from 
different individuals. Thanks to this, we decided to use PrEmo images in the questionnaire to 
represent emotions, accompanied by text for easier data analysis. With Norman, we learned 
how the human body processes emotions and how it reacts to emotional stimuli. Additionally, 
Norman explains in a practical way how a negative emotional stimulus can also evoke a positive 
emotion. Studying all them information in this section made it clear that there is no way to 
predict which exact emotion the players will feel. Therefore, we relied on Norman’s insights to 
create a table of positive and negative emotions, along with their corresponding game elements 
as triggers. This research confirmed hypothesis one, which predicted that it is impossible to 
predict the exact emotion a player will feel. 
 
The major advantage of using VR is that there is no barrier between the game character and the 
player, creating a sense of being fully immersed in the game world. This active elicitation of 
emotions allows players to actively participate in generating their emotions. It leads to a high 
level of immersion, which makes players feel like they are truly in the virtual world, 
disconnecting from the real world and stimulating their senses for a more engaging experience. 
VR was considered by us a valuable tool and a direct means for eliciting emotions due to its 
proximity to reality. Based on the test results, it was evident that players felt like everything was 
happening to them in reality. All participants became absorbed in the game and completely 
focused on it. This research and the results confirmed hypothesis three, which predicted that VR 
contributes to a better experience. 
 
We chose the Escape Room genre after conducting some research because it is a game type 
designed to evoke emotions in players, usually negative emotions such as fear and anger, 
followed by positive emotions such as pride and satisfaction. Based on the results of our tests, 
we observed that Escape Room was undoubtedly the best choice for this theme, and everything 
we anticipated happened. Despite the intensive provocation of negative emotions, players 
continued to enjoy the game and never considered giving up. These results confirmed 
hypotheses four and five. From this, we can conclude that the elicitation of negative emotions 
does not make players quit the game or dislike it. 
 
The phase of testing with the two different groups occurred after the completion of the entire 
prototype development. These two groups of participants were divided into five from the 
nursing field and five from the game development field. This testing phase was a success, and 
we evaluated the game as effective in eliciting emotions from players, fulfilling its objective. 
Based on the test results and the evaluation presented in Section 4 of this paper, we were able 
to validate hypotheses two, six and seven. Regarding hypothesis six, we can learn that 
participants’ feelings of anger with the chest lock puzzle led them to spend more time trying the 
same code multiple times. Another example of this hypothesis was seen when participants had 
to cross the plank on the balcony to retrieve a diary page.  
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Many participants approached this challenge with caution and attention due to fear or concern 
about falling. Hypothesis seven, which predicted that the same game element could evoke 
multiple positive and negative emotions in different individuals, was observed in many cases. 
One example of this phenomenon was with Mary’s eyes, as players were both startled by the 
eyes following their movements and fascinated by the effect. Regarding hypothesis two, despite 
participants experiencing the anger emotion, some did not select it in the questionnaire because 
it was followed by pride or satisfaction. A practical example was the puzzle for the chest lock, 
where almost all participants understood the correct year but spent a significant amount of time 
trying the same year repeatedly until they realized that a date is more than just the year. In this 
sense, despite feeling frustration, the positive emotion of accomplishment prevailed over the 
negative one when they successfully completed the puzzle. In addition to these aspects, the 
flashlight was also mentioned as an element that caused fear in the focus group, but no 
participant identified this element as a trigger in the questionnaire. 
In conclusion, we can verify that the prototype was a success among our participants and 
partners. Although the game “Escape VR: The Guilt” already appears quite solid, there are areas 
that can be improved. All these potential enhancements are presented in the next section. 
 
Comparison to Previous Studies 
In the realm of VR gaming and emotion elicitation, our recent study offers a notable expansion 
of our understanding compared to previous works such as the XEODesign study and the VR 
Escape Room Game analysis. One of the standout features of our research lies in its 
comprehensive exploration of a wide range of emotions experienced by players within VR 
Escape Room settings. While XEODesign focused on emotions in a variety of games our study 
delved into a diverse emotional landscape in a specific genre. Like the VR Escape Room Game, 
we used negative emotions along with the use of puzzles and environment. Despite the 
similarity with this study, they do not conduct a deep emotional analysisin their study. Our 
meticulous examination of various emotions provides a nuanced understanding of players’ 
emotional responses, allowing for a more intricate analysis of VR gaming experiences. 
 
Furthermore, our study assessed user experience in VR Escape Room games with a heightened 
level of depth. While both the XEODesign and VR Escape Room Game analyses evaluated user 
experience, our research stood out by implementing questions based on the GUESS 
questionnaire. Our questionnaire offers a structured and comprehensive approach to gauging 
various aspects of player engagement, immersion, and overall experience. By employing this 
method, our study provided richer insights into how players perceive and engage with VR Escape 
Room games, contributing to a more holistic evaluation of user experiences. 
 
Another distinctive feature of our project was the diversity within our participant groups. While 
the XEODesign study and the VR Escape Room Game analysis focused on specific player profiles, 
our study incorporated participants from two backgrounds, including individuals from the 
Nursing and Gaming domains, who may or may not be familiar with games and/or VR. Despite 
the small number of participants, this sample allowed for a broader assessment of how different 
individuals, with varying experiences and expectations, respond emotionally and experientially 
to VR Escape Room games.  
 
Moreover, our study introduced a rigorous statistical dimension that was not present in previous 
studies. Through the utilization of standard deviation and confidence intervals, our study 
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enhanced the credibility and robustness of its findings. This incorporation of quantitative 
methods ensured that the emotional responses and user experiences within VR Escape Room 
games were evaluated with a high degree of scientific rigor. 
 
Lastly, our study ventured beyond merely identifying emotions and delved into the specific game 
elements responsible for triggering these emotional responses. By conducting this granular 
analysis, our research provides actionable insights for VR game designers. It offers guidance on 
how to effectively craft VR Escape Room experiences that elicit the desired emotional reactions, 
thereby enhancing the overall gameplay and player engagement.   
 
In conclusion, our study significantly advances the understanding of emotional engagement 
within VR Escape Room games. By exploring a broader spectrum of emotions, utilizing 
comprehensive questionnaires, incorporating diverse participant profiles, integrating statistical 
rigor, and analyzing the precise triggers of emotions, our research makes a substantial 
contribution to the existing body of literature. It not only enriches the comprehension of 
emotional experiences in VR gaming but also offers valuable insights for the design and 
development in future VR Escape Room games. 
 
Future Improvements and Recommendations 
The creation of “Escape VR: The Guilt” demonstrated both substantial successes and places for 
future growth in light of the evaluation results. The game was successful in evoking a variety of 
feelings in the players, demonstrating good emotion elicitation. While intended triggers were 
successful in achieving their objectives, players also had additional emotional reactions, which 
showed a dynamic gameplay experience. To improve puzzle-solving, certain factors, such as the 
requirement for memorization and limits brought on by stress, need more attention. 
 
There was disagreement on the sound and visual designs. Although many players complimented 
the fascinating graphics and interesting atmosphere, several had worries about the game’s 
extremely gloomy spots. Participants reported feeling scared and anxious thanks to the sound 
design; however, one player’s experience was hampered by background noise. To achieve the 
ideal combination of comfort and immersion, these factors should be adjusted. Despite being 
unfinished, the game’s narrative successfully delivered its intended themes and captured 
players’ imaginations, increasing their immersion in the experience. However, addressing the 
unfinished story and providing a more thoughtful conclusion can increase player interest. The 
initial prototype’s user experience was satisfactory, but it also highlighted certain areas that 
needed improvement. Motion sickness can be reduced, and gameplay can be made more 
efficient by condensing the physical environment and adding more logical movement 
mechanics. It is essential to provide a tutorial or on-screen instruction to help gamers, especially 
those new to VR, become accustomed to the controls and interactions. The Portuguese 
translation will meet the needs of the University of Minho for classroom use. To successfully 
assist players and increase overall gameplay enjoyment, a clearer objective structure and better 
visual feed-back are necessary. These changes will guarantee a more seamless and engaging 
gameplay experience. Additionally, it is important to recognize the contrasts between players in 
the domains of nursing and game design. The intensity and challenges of the game can be 
adjusted to best suit the diverse skill and experience levels of the players. 
 
In conclusion, “Escape VR: The Guilt” has successfully elicited emotions and engaged 
participants, laying a good foundation for an entertaining VR gaming experience. The game will 
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develop and maybe undergo further versions if the suggested improvements are addressed and 
the feedback from players with various backgrounds is taken into consideration. Continued 
research and development can enhance the VR gaming scene as the gaming industry develops, 
delivering an engaging and pleasurable experience for gamers of all ages and ability levels. 
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Introduction 

 

In order to install the SG4NS Serious Game, it is recommended to use SideQuest, since this is the 

easiest way of transferring apps to the Meta Quest headsets outside of the Meta Store. 

 

SideQuest is a third-party application that allows you to transfer and install VR games and apps 

on your Meta Quest VR headset. This user manual will guide you through the process of 

downloading and installing SideQuest, enabling developer mode on your VR device, and 

installing APK files for VR gaming. In the final section there are also instructions for streaming 

the videogame visuals on your PC screen using SideQuest and start playing it. 
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1. Installing SideQuest 

 

a. Open a web browser on your computer and go to the official SideQuest website 

(https://sidequestvr.com). Click ‘Get Sidequest’. 

 

 

 

b. Go to the session ‘Advanced Installer’ and click on the appropriate link for your 

operating system (Windows, macOS, or Linux). 

 

 

c. Once the download is complete, locate the downloaded file and run the installer. 
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d. Follow the on-screen instructions to complete the installation process. 
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2. Enabling Developer Mode on Your VR Device 

 

a. Open a web browser on your computer and go to (https://developer.oculus.com/sign-

up/) to signup for a developer account then login with your Meta account. 

 

• Select Continue with Facebook if you have linked your Meta and Facebook accounts. 

• Select Log in with email if your Meta account is unlinked from your Facebook account. 

• Set up account with email if you do not have an account. 
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b. If you have currently a VR account and VR apps choose ‘I have VR apps’ otherwise 

choose ‘I don’t have VR apps’. 

 

 

 

c. Enter your email address. 

 

 

 

d. Insert your Name/Surname/Birthday/Password and click ‘Create Account’. 
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e. Insert the confirmation code to confirm your email address. 

 

 

 

f. Personalize your account and click finish. 
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g. To be an Oculus developer, you need to provide a credit card or set up two-factor 

authentication. 

 

 

 

h. Set up the Two Factor Authentication. 

 

 



75 | P a g e  
 
 
 
 
 

 

 

i. Configure at least one of the factor authentications. 

 

• Text message through mobile number. 

• Authenticator app by downloading and setting up an authenticator app in your mobile 

(like Duo, Google authenticator etc.). 

 

 

 

j. To publish VR content under an organization, you must add the organization to your 

Oculus developer account. From the homepage of your Oculus developer account, 

navigate to the Manage tab. You can then choose organizations and create an 

organization. Or someone of the team can add your developer account to an existing 

organization. 

 

k. Download Meta Quest App to your mobile phone. 
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l. Login to the app with your Meta account. 

 

• Select Continue with Facebook if you have linked your Meta and Facebook accounts. 

• Select Log in with email if your Meta account is unlinked from your Facebook account. 

 

m. Turn on your Quest headset. 

 

n. Select Menu on the Metaquest App. 

 

 

 

o. Select Devices. 
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p. Select Headset Settings. 

 

 

 

q. Select Developer Mode. 

 

 

 

r. Toggle on the Developer Mode option to enable USB Debugging. 
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3. Connecting VR Device PC & Install APK Files 

 

a. Connect your VR device to your computer using a compatible USB/USBC cable. 

 

b. Open SideQuest App in Your PC. 

 

c. Click ‘Open Setup instructions’ and follow the instructions on both PC and the VR 

headset. 

 

 

 

d. Ensure that the device is properly connected and recognized by your computer and click 

‘Back Home’. 

 

 

 



79 | P a g e  
 
 
 
 
 

e. Before Installing the APK file on the headset make sure that your file is saved in one of 

your directories in your PC. 

 

f. On your VR device, you may see a prompt asking for USB debugging permission. Accept 

the request to allow the connection between your computer and VR device. 

 

g. In SideQuest, click the ‘Install APK File’ icon and go to the directory where your file is 

saved. 

 

 

 

h. On the details page, click on the ’Install’ button to install the APK file on your VR device. 

 

i. Wait for the installation process to complete. Once finished, you will see a notification 

indicating the successful installation. 
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4. Launching VR Games through SideQuest 

 

a. Before launching a VR Game, if you want the visuals to be visible to others through your 

PC screen, click the ‘Stream from your headset to your PC’ icon. 

 

 

 

b. After the installation, locate the game or app on your VR device's app library or in the 

SideQuest app library. 

c. Locate the game on your VR device's app library as below. 

 

 

 

d. Use the filter icon on the top right and select ‘Unknown sources’ to display the app you 

have installed. 
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e. Select the game you installed via SideQuest, and it should launch automatically. 

 

 

 

 

f. Enjoy your VR gaming experience! 
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5. Useful Videos 

 

Sidequest Setup Instructions 

 

1 - Create Organization 

https://sidequestvr.com/assets/videos/create_organisation.mp4 

 

2 - Developer Mode  

https://sidequestvr.com/assets/videos/enable_dev_mode.mp4 

 

3 – Connect 

https://sidequestvr.com/assets/videos/connect_accept.mp4 

 

 

 

 

 

 

 

 

 

 

https://sidequestvr.com/assets/videos/create_organisation.mp4
https://sidequestvr.com/assets/videos/enable_dev_mode.mp4
https://sidequestvr.com/assets/videos/connect_accept.mp4
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