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Serious games are referred as entertaining tools with a purpose of education, where players
cultivate their knowledge and practice their skills through overcoming numerous hindrances
during gaming. The correct implementation of serious games is extremely important to en-
sure a high level of adoption of the competencies by the game users, which can be even
more challenging if we target autistic children. Understanding the actual needs of Children
with Autism Spectrum Disorder (ASD) and supporting their learning activity through serious
games can be a burden especially for game developers. This master thesis presents logs based
verification tool, named Game verification Tool (GVT), to assist game developers identify
potential scenes of the serious games that might be causing any negative emotion on the
autistic children. Our approach focuses on monitoring negative emotions, like stress, de-
rived from physiological data. GVT architecture follows a client sever model, which enables
to merge the game logs (hosted at the client side) with the emotional data logs gathered via
Bluetooth. The data analysis and visualisation which carried out at the server side, should
provide relevant information to support developers to enhance the quality of serious games
targeting autistic people.

iii



ACKNOWLEDGMENTS

In the name of Allah, the Most Gracious, the Most Merciful.

First of all, I would love to say thank you so much for my family, my Mom and Dad who
always love, support, and encourage me to do whatever it takes until I come this far. Thank
you for all the never-ending prayers you always ask for your children, I believe those are the
main fuel to take off my rocket. Not to forget, my Sister, thank you for being my perfect
role model who I always look up to. I really treasure our siblings love-hate relationships, if
I could replace you with anything, I wont.

Thank you for my lovely, kind, amazing supervisor, Nelly Condori Fernandez, who has been
full of love, care, and patience in teaching and showing me the way since the day one I met
her. You are the best supervisor I could ask for!

For Miguel Luaces, thank you for being a nice tutor whose the advice I’ve always waited for.
Thank you to be there for me to have a monthly meeting even when you have to wait a bit
for my usual lateness.

Thank you for Erasmus Mundus SE4GD, to sponsor me doing my master study in European
Countries. Thank you to allow me to pursue a master degree at the University of L’Aquila,
Lappeenranta-Lahti University of Technology, and Vrije Universiteit Amsterdam. This is my
best achievement so far in my life.

Big thank you for Centro Singular de Investigación en Tecnoloxías Intelixentes (CiTIUS), to
provide me with the excellence place to work on my master thesis. The best, comfortable
workplace in Santiago surrounds by great people. It is my pleasure to be part of the team in
the last six months.

For my emo, random, and supportive friend: Aji Ari Adam, thank you for keeping up with
all my stupidity, weirdness, and sudden talks and requests anytime I need.

Last but not least, thank you for all of my other supportive and loving friends who are too
many names for me to write down here. Without your love, support, and pray, I would not
be as I am now.

Arini Nur Rohmah
Santiago de Compostela, July 2023

iv



SYMBOLS AND ABBREVIATIONS

Symbols

Avg Stress Scene average stress in scene

E0 event-0

E1 event-1

E2 event-2

En event-n

t time

ta time accumulation

ts time spent

tScene total time in scene

Abbreviations

AHP_HeGES Analytic Hierarchy Process Based Holistic Online Evaluation System for
Educational Computer Game

ANS Autonomic Nervous System

ASD Autism Spectrum Disorder

BT Bluetooth

CiTIUS Centro Singular de Investigación en Tecnoloxías Intelixentes

CORGIS Challenge Originating from Recent Gameplay Interaction Scale

CSL Computerized Speech Lab

DBP Diastolic Blood Pressure

DES Differential Emotions Scale

ED Emotion Detector
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EDA Electrodermal Activity

EEG Electroencephalograph

EMG Electromyography

FACS Facial Action Coding System

FPA Finger Pulse Amplitude

GAME Game As a Measurement Environment

GEQ Game Experience Questionnaire

GSR Galvanic Skin Response

GUI Graphical User Interface

GUR Games User Research

GVT Game verification Tool

HBA Heart Beat Amplitude

HE Heuristic Evaluation

HEP Heuristic Evaluation for Playability

HR Heart Rate

HRV Heart Rate Variability

MAACL-R R-Multiple Affect Adjective Checklist

MACL Mood Adjective Checklist

MEEGA+ Systematic Model to Evaluate Educational Games

PANAS-X Expanded Form of the Positive and Negative Affect Schedule

PENS Player Experience of Need Satisfaction

PEP Pre-Ejection Period

PHE Playability Heuristic Evaluation

PHEG Playability Heuristic for Educational Game

POMS Profile of Mood States
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PTE Pulse Transmission time to the Ear

PTF Pulse Transmission times to the Finger

SBP Systolic Blood Pressure

SCL Skin Conductance Level

SDT Self-determination Theory

SG Serious Games

SPGQ Social Presence in Gaming Questionnaire

UI User Interface

UsaECG Usability of Educational Computer Games

V&V Verification and Validation

VGDS Video Game Demand Scale

VT Verification Tool
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1 INTRODUCTION

Information technology is a well-known field that can combine multidisciplinary works. We
can see how various innovations were created from combining the fields of computer sci-
ence with other applied science can assist people. The advancement of software engineering
combined with the health sector can help people with special needs, allowing to promote in-
clusiveness. In this project, author’s main focus is to assist game developers in identifying
elements within their games that have the potential to trigger high levels of stress in players
with Autism Spectrum Disorder (ASD).

1.1 Problem

One of the main common trait of children with ASD is a lack of stress management (White
et al. 2009). The absence of stress management encompasses the following characteristics:
quick boredom, outbursts of anger, and emotional meltdowns, all of which contribute to their
aggressive behaviors (Overskeid 2016;White et al. 2009). Due to the impact of these relation-
ships, there is a significant likelihood that such aggressive behaviors occur when the children
engage in educational activities, particularly at school (Machalicek et al. 2007). Meanwhile,
ensuring emotional stability serves as an effective method for preventing aggressive behavior
in children with autism (Berkovits et al. 2016).

Utilizing Serious Games (SG) is considered one of the most effective approaches to engage
children with ASD in enjoyable educational activities (Tsikinas and Xinogalos 2018). How-
ever, SG can potentially impact the stress levels since it may elevate mental workload in
correlation with learning effects (Cowley et al. 2014; Zhonggen 2019) especially for chil-
dren with mental disorders. Therefore, in order to minimize potential negative outcomes
when children with ASD engage in SG, it would be advantageous to have a tool that can
assess and analyze the suitability of SG for autistic children that taking into account these
specific aspects.

Numerous guidelines, case studies, and verification tools have been developed for both games
and SG, with the purpose of evaluating, identifying, validating, and analyzing various game
design elements . While many of these resources primarily focus on improving game design
to enhance player satisfaction, those of that may also be utilized to optimize the game experi-
ence for specific user groups such as autistic children. Additionally, there was an interesting
case study related to design guidelines for serious games that are targeting autistic people
(Tsikinas and Xinogalos 2019). However, there has been a limited emphasis on the develop-
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ment of Verification Tool (VT) specifically aimed at examining the feasibility of games for
the targeted players with the goal of maintaining their emotional stability. Creating a dedi-
cated VT for this purpose can greatly assist game developers in identifying elements within
their games that may induce high stress levels in autistic players. This, in turn, will enable
developers to design serious games that minimize stress and create a more comfortable and
enjoyable experience in learning activity for autistic players.

1.2 Goal and Research Questions

In this master thesis work, the development of a Game Verification Tool (GVT) aims at pro-
viding support to enhance the design of serious games for autistic children was proposed.
This tool will guide game developers in analyzing game elements that may trigger high stress
levels. The GVT integrates game player logs and emotion logs, which represent the player’s
stress level. The GVT will be connected to an emotion detector app on a mobile device
through web client-server. Players will wear a wearable sensor that generates real-time data
which then be sent to the mobile app Emotion Detector (ED) by Bluetooth (BT). By estab-
lishing a web client-server connection between the GVT and the mobile device, the GVTwill
retrieve data from the app and analyze it.

In this study, the work is served the purpose to answer the following research questions:
RQ1 What technologies or methods are used for games verification tools?

Rational: Different methods serve different purposes. The main emphasis of this re-
search question is to collect and cluster the existing methods used to verify games into
a scheme accordingly to understand the differences between them.

RQ1.1 Is the method applicable for serious games?
Rational: Game and serious game are intended to serve different purposes. How-
ever, they may have something in common. The main emphasis of this sub-
research question is to analyze to what extent methods used to verify games can
be used to verify serious games.

RQ1.2 Is the method applicable for serious games targeting autistic children?
Rational: To encourage inclusiveness, there are serious games targeting for autis-
tic people. Since it is targeting people with special needs, the structure or element
of the serious games might be different compared to those of that targeting for
non-autistic people. The primary focus of this sub-research question is to analyze
to what extent methods used to verify serious games can be used to verify those
of that targeting autistic people.

RQ2 Can player logs and emotion logs be used for evaluating serious games for autistic
children?

7



Rational: Player logs is generated by games to record what happens inside the game
during game play. Meanwhile, emotion logs is generated by emotion detector, which
is considered external device. The primary focus of this research question is to find
a possible way to use those two separate logs to evaluate serious games for autistic
children.

RQ2.1 How logs should be structured to be eligible for evaluating serious games for
autistic children?
Rational: How game generates its player logs is entirely the discretion of the
game developer. However, there should be a template that must be followed by
game developers to harmonize the logs structure, so that all serious games can be
evaluated equally, especially those of that targeting autistic children.

RQ2.2 How to integrate game players logs and player’s stress level in order to assess
serious game feasibility targeting autistic children?
Rational: The primary focus of this research question is to design and develop
an architecture to integrate those logs (game logs and emotion logs) in order to
assist game developers evaluating their serious games.

RQ3 To what extent Game Verification Tool GVT helps developers to improve their games
targeting autistic children?
Rational: GVT should be tested by developers to assess the functionality, usability,
and the benefits of using GVT to analyse serious games targeting autistic children.
Hypothesis: Using the GVT helps serious game developers to identify game’s element
that triggers high stress level for children with ASD.

The research questions were formulated by implementing the method proposed by Wieringa
2014. RQ1 is considered knowledge question, while RQ2 and RQ3 are technical and empir-
ical question, respectively.

1.3 Research Methodology

The inherent character of this research lends itself to employing the design science methodol-
ogy (ibid.), manifested through the creation of a novel artifact known as theGameVerification
Tool (GVT). It consists of as follows (can be seen in Figure 2):

8



Figure 2: A framework for design science of GVT, adapted from Wieringa 2014

Additionally, the goal structure of a design science research of GVT can be seen in Figure 3.

Figure 3: Goal structure of a design science research project
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It was found that it is plausible to integrate game player logs and emotion logs to develop
serious games verification tool (Nacke 2015; Anolli et al. 2010). However, it is found that
some serious games targeting autistic children do not generate player logs (Maria Kellidou
et al. 2021a; HA 2012). In addition, considering the limitation of autistic children in express-
ing their emotion, there is a need to find a suitable solution in which does not disrupt their
emotional stability.

For these reasons, the present study focuses on the following concerns:
• Finding the suitable device which able to detect human emotion (in this case stress
level) in a way that unintrusive to be applied for children with ASD.

• Proposing a standard for emotion logs structure.
• Proposing a standard for game player logs structure.
• Developing applicable serious games verification tool which fits those requirements.

The result gained from the first three concerns can be used as a key factors for identifying the
solution for the fourth concern. Single-case mechanism experiments method was completed
after the fourth concern was solved.

1.4 Sustainable Development Goals (SDG) of GVT

Assuming that GVT is used by majority of serious games developers whose autistic children
is their target, GVT will be able to address these following United Nation SDG goals ( n.d.)
in social aspect:

• Quality education (SDGno 4): GVT helps developers to improve their serious games to
be suitable in maintaining autistic childrens’s emotional stability when doing learning
activities by playing the serious games, therefore, it participates to enhance the quality
of education for children with ASD.

• Reduce inequalities (SDG no 10): by providing the more suitable learning activities
options for children with ASD, GVT participates in reducing inequalities and provides
inclusiveness.

In addition, the sustainability awareness framework related to the aspects: social, individual,
environmental, economic, and technical of the GVT are presented into Sustainability Aware-
ness Diagram (SusAD) (Duboc et al. 2020) as can be seen in Figure 4. The black arrows
represent the benefits while the red arrows represent the downsides. The colors of the cards
only represent the aspect they (the cards) are in and has no further meaning.

10



Figure 4: SusAD of the GVT

1.5 Structure of the Thesis

The structure of this work is as follows: In Section 2, the relevant findings are discussed,
and the process of searching for and analyzing those findings is presented. Additionally,
a selection of related findings is analyzed within the section. Section 3 presents solution
design of GVT including its architecture and the data analysis process within it. Section 4
delves into the implementation. While GVT testing and evaluation process are discussed in
Section 5. Lastly, Section 6 concludes the work, addressing its limitations and providing
recommendations.
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