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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.
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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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2 RELATEDWORK

Numerous methods for Verification and Validation (V&V) have been suggested to aid game
developers in creating more inclusive games. In this section, a selection of previous methods
or technology used to assess and verify game components are highlighted. This section aims
to address RQ1 along with its sub-research questions.

2.1 Literature Review Process and Analysis

First of all, there is a need to know the differences between Game and Serious Game (SG).
According to Suits 1967, the goal in playing game is to win with rules to follow. While
according to Connolly et al. 2012, playing games is for entertaining and as leisure activities.
In “Serious games: Mechanisms and effects” book (Ritterfeld et al. 2009), the purposes of
playing SG is to learn, to train, and for behaviour change. Means that the main goal of SG is
for educational purposes.

In this literature review, previous technologies or methods that are used for games verification
tools are collected along with the verification methods for serious games. The main purpose
is to find applicable methods for verifying serious games targeting autistic children. Figure 5
shows the intersection between games and serious games along with the possibility for using
the same verification techniques.

Figure 5: Existing games verification methods intersection

12



In the process of collecting literature, the keywords and search query used are shown in Table
1. Table 2 shows the database and specific search query used for searching the sources. There
are three main databases used to gather literature: IEEE, ACM, and Springer. Additionally,
snowballing method (Wohlin 2014) was also used to gather more resources. Study selection
process is shown in Table 3. Using the selection process, the literature can be narrowed
down before being analyzed. Furthermore, there are three main questions used to assess
the findings. Those three questions are shown in Table 4, along with the search topic to
filter related works. Meanwhile, Table 5 shows the score for assessing the related works.
The assessment score will show whether the findings include the information related to the
questions in an explicit way or not. Ergo, using Table 4 and 5, all the filtered findings can be
estimated, clustered and mapped into a scheme based on the cost and end-user involvement.
Cost in this case means cost to conduct the evaluation process using the particular method.
The cost may be related to time duration, number of participants, and cost of equipment or
tools needed, while end-user may be related to expert or game player.

Table 1: Keywords and search queries.

Keywords: Game Verification Tool, Game Verification and Validation,
Serious Game Verification Tool, Serious Game Verification
and Validation, Verification Tool of Serious Game for Autis-
tic Children, Verification and Validation Tool of Serious
Game for Autistic Children

General search query: (“Verification Tool” OR “Verification Tools”) AND (“Ver-
ification” OR “Validation”) AND (“Method” OR “Tech-
nique”) AND (“Game” OR “Serious Game”) AND (“Autis-
tic” OR “Autism”)

Table 2: Database and specific search query.

Database Specific search query
IEEE (“All Metadata” : verification tool) AND (“All Metadata” : serious

games) AND (“All Metadata” : autistic children)
ACM [Title: game verification tool] AND [Publication Date: 01/01/2015

TO 01/05/2023]
Springer game+verification+tool

13



Table 3: Study selection.

Include Exclude
Article to be found, accessed Article not available
Article in English Article not in English
Full article available Only abstract or poster

paper available
Article describes verification tool for games
verification tools for serious games AND
verification tools of serious games for autistic children

Table 4: Topic and main questions to filter related works.

Topic : Verification and validation (V&V) methods for serious games targeting
autistic children)

No Question
Q1 what method is used?
Q2 how much the cost?
Q3 who are the end-users?

Table 5: Assessment score of related works.

Symbol Assessment Score
Y (yes) 1
P (partially) 0.5
N (no) 0

Furthermore, by implementing snowballing method (Wohlin 2014), there is a need to select
set of papers for starting point. 15 papers were gathered and grouped according to categories
(Game, SG, SG for ASD) and types (Guideline or V&V) for starting point of snowballing
process. Table 6 presents 15 papers related to the goals. By using those findings, snowballing
process was proceed. In result, 21 V&V methods for evaluating games, SG, or SG for ASD
people were found and listed, in which they can be seen in Table 7 and 8. After the existing
methods were listed, those of that were summarized and estimated accordingly as can be seen
in Table 9. The elaboration of the methods along with the clustering scheme will be discussed
in the next section (Relevant Findings).
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2.2 Relevant Findings

Initial approach was to gather and group the various techniques employed for game verifica-
tion into a systematic framework to comprehensively grasp their distinctions. The summary
of the previous evaluation methods has been discussed in the previous section. Based on
that, all those methods were mapped to compare each of them. The scheme of the clustered
methods can be seen in Figure 6.

Figure 6: Mapped evaluation techniques.

Game design elements can be identified and validated according to what the game is intended
for. For instance, Razali et al. 2022 conducted a research focus on validating game elements
of serious games in context of climate change. In this validation method, game player in-
volvement is not necessary, instead, experts in the field of climate change are required to
validate the game design using a game criteria checklist. It is stated in the paper that the
experts involved were given two weeks in completing the evaluation process. Thus, this
approach is considered in moderate range due to the duration and experts involvement.

Amethod calledGameAs aMeasurement Environment (GAME)was proposed byMiura et al.
2020. In the research, this method was developed to evaluate both game content and interface
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based on test theories (i.e., classical test theory and item response theory). This method itself
aims for effectively evaluating inclusive games. It is stated that in the evaluation process
carried out using this method, high number of participants were involved along with the long
duration of time. It gathered a total of 388 participants and took more than two months to do
the evaluation. Considering that, GAME was mapped as relatively costly in relation of its
cost.

One technique raised by Drachen et al. 2013 uses telemetry and user analytics technique
which focuses in two aspects of game analytics: game telemetry and game metrics. By using
this technique, a distance data which is valuable for game development or game research can
be collected and transformed into metrics to which then being analyzed. The data processing
and analytic part are considered complicated as there are eight total steps to be done. No clear
statement regarding it costs. However, considering the complexity of the telemetry process,
it was assumed that the cost is in high range.

Aiming to tackle in-person evaluation process, Online Evaluation Framework method was
developed. This technique was proposed by Pandeliev and Baecker 2010, in which is de-
signed for the online evaluation of serious games. The method particularly aims to assess
game effectiveness and impact on mental fitness. The framework works as a portal to con-
duct a pilot study in comparing several commercially available mental fitness games with a
few well-established standard board games and an active control. This method requires the
involvement of game players. There is no statement related to its cost, however, evaluating
the game effectiveness is challenging. To evaluate the game effect, it is required a signif-
icant length of time as well as a minimal amount of participation who wants to commit to
the process (ibid.). Therefore, this method was mapped in moderate/high range related to its
cost.

Methods which implement Heuristic Evaluation (HE) involve experts in the game evalua-
tion process. The experts involve in the process can evaluate the game interface and design
based on a set of established heuristics. Using heuristic evaluation is considered low/mod-
erate cost since it does not require any significant financial investment. However, the cost
may vary depending on the game complexity, the number of experts/evaluators involved
and their level of expertise. Overall, by using this method, the evaluation can be done
relatively quick which in a few hours or days and does not require extensive resources.
Based on the findings, six methods are utilizing Heuristic evaluation: Usability of Edu-
cational Computer Games (UsaECG), Playability Heuristic Evaluation (PHE), Playabil-
ity Heuristic for Educational Game (PHEG), Heuristic Evaluation for Playability (HEP)
+ User Studies, Analytic Hierarchy Process Based Holistic Online Evaluation System for
Educational Computer Game (AHP_HeGES), and HE + Think Aloud Method.
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HEP is a method proposed by Desurvire et al. 2004. This method was claimed to be suitable
for evaluating general issues of the game with a prototype or mock-up in the early develop-
ment phases. This method requires several evaluators to inspect the game based on player
logs. The involvement of the game players is needed to fill satisfaction questionnaire as well
as to play the game (to generate player logs). To gather evaluators in one same place and
dispatch questionnaire to many participants may be a challenge. Thus, HEP was mapped in
low/moderate in relation to its cost.

Following that, H. Omar and Jaafar 2008 proposed a method called PHE. This method was
intended to evaluate the playability of Malaysian educational games which as well provides
insights to improve game design and overall user experience. Even though implementing HE
is considered easy, cheap, and fast (ibid.), there is no clear statement according to the cost in
implementing this method. Hence, PHE was mapped in low/moderate range in relation to its
cost, considering time duration and experts needed for evaluation process.

Extending the use of HE, Mohamed and Azizah Jaafar 2010 proposed another method with
heuristic called PHEG. This method was intended to evaluate the usability of educational
computer games. The expert evaluators involve in this method are required to predefined
heuristics to assess the playability and usability of the educational games. In the evaluation
process, it is only stated that there were five evaluators involved with no exact time duration.
Hence, PHEG was mapped in low/moderate range in relation to its cost.

In 2011, Hasiah Mohamed Omar et al. developed a tool in which also implementing HE
and extending the use of PHEG. The tool is called AHP_HeGES (Hasiah Mohamed Omar
et al. 2011). This tool intends to work as a methodology to evaluate the educational com-
puter games interface. This method may help in creating more effective and user-friendly
educational gaming experiences. Hasiah Mohamed Omar et al. merged two evaluation tech-
niques: PHEG and Playability Assessment for Educational Computer Game (PAEG). Ad-
dressing the limitation faced by HEP (to gather evaluators in one place), AHP_HeGES was
developed as an online tool. The evaluation process of AHP_HeGES focuses on formative
evaluation. Since there is no clear statement related to the cost for implementing this tech-
nique, AHP_HeGES was mapped in the moderate range since it was assumed that the tool
requires the maintenance cost and the database system to save the PHEGmodule from expert
evaluators.

Further, a method calledUsaECGwas proposed to evaluate educational game usability (Mo-
hamed, Yusoff, et al. 2012). Only experts needed in the evaluation process. This method
combines quantitative analysis with HE, in result, this method offers a systematic approach
to assess and improve educational computer games usability. It is stated that in the eval-
uation process, around five experts evaluators (for each heuristic) were needed to be able
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to detect more usability problems in the games. There is no clear statement related to the
cost, hence UsaECG was mapped in low/moderate range, considering the number of variety
experts needed in the evaluation process.

Another method which uses HE is the method proposed by Chang and T. Johnson 2021.
The evaluation method combines HE and Think-Aloud Method. The method was intended to
evaluate the usability of game-based learning material. Involving experts and game players,
this method able to identify usability issues and enhance the learning experience. It is stated
that in the evaluation process, four experts and forty-five university students were involved.
Using this method, the evaluation process could be done in about three hours. Hence, this
method is considered low/moderate in relation to its cost.

Aiming for integrating heuristics based on elements with a validated model in order to evalu-
ate, design, and understand enjoyment in games, Sweetser and Wyeth 2005 proposed Game-
Flow model. The model is structured by flow, that consists of eight elements in which each
element includes a set of criteria to achieve enjoyment in games. This method provides
valuable insights into the factors that contribute to a satisfying gaming experience. The in-
volvement of experts and game players are needed in the evaluation process. The number of
experts, game players as well as duration for evaluation are not fixed. Those are according
to the game that being evaluated. Thus, it was mapped as in range low/moderate cost.

Following GameFlow, there is EGameFlow method by Fu et al. 2009. This method is based
on GameFlow framework which put more emphasize in measuring the enjoyment offered
by e-learning games. Experts and game players are required in the evaluation process. It is
claimed that EGameFlow serves as and easy and economical evaluationmethod for surveying
learners who have used the educational game. However, it is also argued that it may be
costly due to the number of experts and learners needed. Thus, side by side with GameFlow,
EGameFlow is considered low/moderate cost.

Going through all the evaluation methods in detail, it is noticeable that the majority of meth-
ods which are involving game players are using questionnaire to gather players feedback
related to the games. W.A. IJsselsteijn et al. 2013 proposed a Game Experience Question-
naire (GEQ), which consists of: (i) core questionnaire (ii) social presence module and (iii)
post-game module (D. Johnson et al. 2018; W.A. IJsselsteijn et al. 2013). A scoring guide-
line was also proposed to facilitate how to evaluate the questionnaire result. No statement
related to its cost. However, it is assumed that duration to evaluate games using this method
is relating to the number of participants (which when there is a small number of participant,
the duration will be short). Besides, there is no expert or expensive equipment needed in the
process. Thus, this method was mapped into low/moderate range related to its cost.
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Ryan et al. 2006 also proposed game validation method using questionnaire called Player
Experience of Need Satisfaction (PENS) (Ryan et al. 2006; D. Johnson et al. 2018). PENS
has been created as an elaboration theory of Self-determination Theory (SDT). SDT itself
discusses factors related to motivation (either to undermine or facilitate it). This method
requires game players in the validation process. Since this method does not need much re-
source and the number of participant as well as the duration are not fixed, it is also considered
low/moderate cost.

Since challenge is a key elements in games, Denisova et al. 2020 proposed a method to
evaluate the level of players’ perceived challenge in digital games. This method is called
Challenge Originating from Recent Gameplay Interaction Scale (CORGIS), a measurement
tool amongst existing questionnaires which can be used to evaluate how players experience
perceived challenges across a diverse selection of video games and among different types of
players. Game players are must needed in the game evaluation process. CORGIS provides
insights into players’ perceptions of the game’s difficulty and engagement. As the cost in
using questionnaire for evaluating games is related to the number of participants involved,
this method was mapped in low/moderate cost range.

Bowman et al. 2018 also proposed a questionnaire based method for measuring players’ de-
mand for video games. The method is called Video Game Demand Scale (VGDS), which al-
lows for understanding of players’ motivations and preferences in gaming. As usual method
based questionnaire, this method requires game players in evaluation process. It was esti-
mated that it takes around 30 minute for each participant to complete the questionnaire before
being analyzed. Meanwhile, there were in total 660 participants involved in the initial evalu-
ation process. Considering duration and the total participants in the process, this method was
mapped in low/moderate cost range.

More questionnaire basedmethod is Social Presence inGamingQuestionnaire (SPGQ)which
proposed by De Kort et al. 2007. This method aims to assess social presence in digital games
and understanding its impact on player experience. Only game players required in the eval-
uation process. There were 191 participants joined to fill out the SPGQ questionnaire which
estimated to take around 15 minutes to complete it. Questionnaire development typically
involves the design and validation of the questionnaire, and while there may be some initial
effort involved, it is generally a cost-effective method to gather data. Considering that, SPGQ
was mapped as a low/moderate cost method.

Systematic Model to Evaluate Educational Games (MEEGA+) is also one of the question-
naire based methods. It was proposed by Petri, Wangenheim, and Borgatto 2019, which aims
for evaluating educational games in terms of usability and player experience from the stu-
dents’ perspective in the context of computing education. MEEGA+ offers a structured and
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comprehensive framework for assessing the effectiveness and educational value of educa-
tional games. Game players are a must required element in the evaluating process. There is
no clear statement regarding the cost for this method. However, as usual questionnaire based
method, the number of participants correlate with the time duration to analyse the result.
Hence, MEEGA+ was mapped in low/moderate range of cost.

Based on the findings, there is a method which combining three methods into one. Bakhuys
Roozeboom et al. 2017 proposed Evaluation Study, self-report on competences + post-test
questionnaire method. This method was suggested to evaluate the effectiveness of three se-
rious games designed to measure generic learning features. The findings from the evaluation
provide insights into the games’ efficacy in supporting learning outcomes. As it was men-
tioned before, evaluating game effectiveness is challenging. A long duration of process is
needed along with the commit participants. The same happened using this method. It is
stated that more than 70 participants involved and one of the evaluation case needed around
two months to complete. Considering that, this method was mapped in high cost range.

Games User Research (GUR) technique was proposed by Nacke 2015. The technique is used
to optimize the user experience in games and virtual entertainment products. Physiological
evaluation is aimed to be a standard tool in GUR. Considering that the targets are for aca-
demic and industrial applications, it was stated that currently the physiological evaluation
methods used for GUR require expensive equipment which is used primarily in a laboratory
setting. GUR implements physiological responses evaluation which requires these follow-
ing equipment: Cardiovascular Measures, Electrodermal Activity (EDA) and Galvanic Skin
Response (GSR), Electromyography (EMG), and Electroencephalograph (EEG). With that
point, the cost to apply GUR is the highest compared to other mapped techniques.

One valuable research related on how to assess emotion in serious games was found. Ac-
cording to Anolli et al. 2010, there are ways to evaluate emotional experience of SG users.
The list of emotion assessment methods is as follows:

• Self-Report Measures of Emotions: This method is utilizing either questionnaire to
be filled by participants or pictorial methods (e.g. Self Assessment Manikin Scale).
These measurements are psychometrically validated and are considered non-intrusive,
fast and cheap methods. Five emotion self-report measures which may be utilized are
as follows:

- Mood Adjective Checklist (MACL) (Nowlis 1965)
- Profile of Mood States (POMS) (McNair et al. 1971)
- R-Multiple Affect Adjective Checklist (MAACL-R) (Zuckerman et al. 1983)
- Expanded Form of the Positive and Negative Affect Schedule (PANAS-X) (Watson
and Clark 1994)
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- Differential Emotions Scale (DES) (Izard et al. 1993)
• Physiological correlates of emotions: Utilizing physiological system which respon-
sible for modulating peripheral functions, Autonomic Nervous System (ANS). ANS
consists of sympathetic and parasympathetic branches which associate with activation
and relaxation, respectively. The range of psycho-physiological measures available is
vast, including Skin Conductance Level (SCL) (Öhman and Soares 1994) and cardio-
vascular correlates of emotion as follows:

- Heart Rate (HR)
- Heart Beat Amplitude (HBA)
- Heart Rate Variability (HRV)
- Finger Pulse Amplitude (FPA)
- Pulse Transmission times to the Finger (PTF)
- Pulse Transmission time to the Ear (PTE)
- Pre-Ejection Period (PEP)
- Diastolic Blood Pressure (DBP)
- Systolic Blood Pressure (SBP)
- electromyography
- respiration rate and amplitude
- level of blood glucose
- temperature, etc

• Facial expressions: Facial Action Coding System (FACS) (Ekman and Friesen 1978;
Ekman, Friesen, and Tomkins 1971; Izard 1984; Als et al. 1980; Ekman and Friesen
1978)

• Vocal-nonverbal features: change of voice. Following are the example of acoustic
analysis of voice which may applicable to use:

- Computerized Speech Lab (CSL) developed by KayPENTAX
- PRAAT software fhttp://www.fon.hum.uva.nl/praat/

• Gestures:
- Observer XT 10 http://www.noldus.com/
- Theme 5.0 http://www.patternvision.com/

Notice that most of the previous techniques are aiming for general games or SG, they re-
quire the involvement of end-user in the V&V process. However, those approaches have not
considered the limitation of children with mental disorder which makes the V&V process
relatively uninclusive. Additionally, in relation to this master thesis work, the most closest
research to evaluate games which may be applicable for evaluating serious games target-
ing autistic children is GUR. However, GUR implements physiological responses evaluation
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which requires equipment in which those are considered obtrusive for mental disorder chil-
dren especially children with ASD.

Furthermore, although many applicable emotion detection methods exist (Anolli et al. 2010),
taken into account traits of person with ASD (Sucksmith et al. 2011), majority of those meth-
ods are not applicable for them. Self-Report measures of emotions may not be reliable if we
expect children with ASD to fill the questionnaire or use pictorial methods. Let alone filling
the form, it is already a difficult task for them to even express their emotion. Taken into
account that particular trait along with easily feel anxious, implementing facial expression,
gestures, and voice detection or analyzer, are not plausible as well. Further, utilizing phys-
iological system measurements, may not be the best solution for this case, since almost all
the physiological system measurements require a person to wear on-skin equipment, which
is considered intrusive for autistic people.

Taken into account the goal of this work which focuses in analyzing game elements to main-
tain players stress level, it is a must to find a solution for detecting autistic players’ stress
level in unintrusive way. There is a need to diminish using equipment that may trigger high
stress level for players when carrying the testing and evaluation process. On the other hand,
a simple V&V tool may be beneficial in cost and time related aspects to assist not only for
industrial application, but also small start-ups or individual game developers who has inter-
est in developing serious games for autistic children to validate their games. Doing so, this
master thesis work proposes a technique which only entails a simple wearable stress detector
for players to use. Hence, the technique is reconnoitred as unobtrusive for autistic players.
In summary, GVT has been developed to be a simple but beneficial low-cost serious games
(targeting autistic children) verification tool.

Further, based on the literature review and research findings, it is possible to integrate game
player logs and emotion detector to develop verification tool. Therefore, next chapter will
discussed about the solution design in developing GVT along with the architecture of GVT.
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3 SOLUTION DESIGN: THE GAMEVERIFICATION TOOL

In this chapter, the analysis and design process will be presented. It is done by drafting
the GVT functional and non-functional requirements and specifying minimum requirements
needed for creating emotion logs and serious games logs. Moreover, a structure for both
logs is also defined. Regarding the design, the GVT architecture is presented, where the data
manager module and analysis process are described with detail.

3.1 GVT Requirements

Table 10 shows the composed functional requirements for GVT. There are three functional
requirements for GVT to fulfill. GVT must be able to integrate emotion detector and game
players logs. This is the baseline requirement for GVT to have. By having this requirement,
ensures GVT to record emotional state (in this case stress level) of the game players in every
game players logs. Following this requirement, GVT should be able to locate the potential
scenes that trigger high stress level for players. In order to assist game developers in improv-
ing their SG, GVT must be able to identify logs in every scenes of the game with high stress
level. Thus, it will give a chance for the developer to locate particular logs and encourage
them to improve that particular elements in those scenes. Having just two aforementioned
functional requirements is not enough for GVT to provide valuable information for the SG
developers. Thus, GVT should be able to analyze the data received from ED and games logs
by giving an assessment result as a game feasibility score. The goal is to analyze whether the
SG targeting autistic children really is suitable for them or not by considering players stress
level. The score of the SG feasibility generated by GVT can provide an insight informa-
tion for the SG developers related to the suitability of their games for those of that targeted
players.

Table 10: Functional requirements of GVT

Functional
Integrate emotion detector and game players logs
Identify potential scenes that causing stress for players
Analyze input data and give an assessment result as a feasibility score

Considering non-functional requirements, it is required for GVT to have usable charac-
teristic for GVT’s users which is including to have atrributes: appropriateness recogniz-
ability, learnability, and operability along with availability and maintainability. The usabil-
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ity requirement is needed in order for GVT’s users to effortlessly operate it. According to
(Condori-Fernandez and Lago 2018), having appropriateness recognizability attribute of us-
ability means that the users have the ability to assess the suitability of a system for their
requirements prior to its implementation. Learnability means that the system can be utilized
to accomplish predetermined learning objectives related to system usage. Additionally, op-
erability attribute of usability means that the system possesses characteristics that facilitate
ease of operation and control. The availability attribute indicates that the GVT should be
available and accessible when it is needed to be used. Since the GVT aims to be a simple but
useful verification tool, having maintainability characteristic is a must. Thus, the system can
be easily maintain and modify to fulfill the needs.

3.2 Definition of Structured Logs for GVT

Since GVT is a logs-based verification tool, there is a need for GVT to standardize structure
of the emotion logs and the SG player logs in order to make them eligible to be integrated
and analyzed by GVT. This subsection provides a detailed explanation of the prerequisites
for emotion and game logs. The discussion encompasses the selection of a suitable reference
for establishing a baseline in the design of emotion logs structure for GVT, as well as the
author’s proposal of a minimal structure for serious game logs.

3.2.1 Emotion Logs

Analysis process includes choosing what emotion detector to use for the reference in de-
signing and developing GVT. Taken into account the original purpose of GVT, it is a must
to make sure that all devices which in contact with the autistic players are not considered
hostile. Thus, sensors used by ED should be a simple and comfortable wearable device. In
collaboration with Centro Singular de Investigación en Tecnoloxías Intelixentes (CiTIUS),
emotion logs preconditions was designed based on an unobstructive device from a research
done by Suni Lopez et al. 2019. According to their research work, the stress detector has
accuracy of 79.17%, a precision of 60% and a recall of 50% . Thus, the device is considered
reliable for stress detector and accurate for stress detection. Using those information, the
proposed minimum requirements for the emotion detector to ensure a connection with GVT
are presented in the Table 11.

Table 11: Functional requirements of ED

Functional
Detect emotional level of user (particularly stress level) from wearable sensors
Analyze the value received from sensors by giving range of value of stress level
Able to send the stress level value to web server application by inputting endpoint address
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Based on that, GVT was designed to accept any ED input with the minimum structure (in
JSON format) as seen in Figure 7. The ED by Suni-Lopez et al. is using 5 points scale of
stress level measurement, where 1 represents the absence of stress (relaxed), and the present
of stress begins at point 4, with the highest level corresponding to 5.

Figure 7: Minimum structure of emotion logs in JSON format

3.2.2 Serious Games Logs

Author proposes that serious games targeting autistic children should generate game player
logs which preferably in JSON format in order to be easily verified and validated by serious
games verification tool (GVT). Author recommended that the minimum structure for the logs
is having attributes as follows:

1. Time: yyyy-MM-dd HH:mm:ss
2. Scene: scene_name
3. Asset: asset_name
4. Events: click / drag / drop / record / etc
5. Task: success / failed / right / wrong/ etc

The proposed minimum structure was defined by analoging school subject materials’ prob-
lems as a game. To describe it in details, let us use Mathematics as an example. Mathematics
has many branches, for instance: Arithmetic, Algebra, Geometry, Trigonometry etc. These
branches can be seen as Scene in serious games to indicate which part of the game the play-
ers are studying/playing. To understand the subject better, students are expected to solve
problems related to that subject materials. Asset, can be seen as everything related with
the problems. Asset can be questions or answer choices. Meanwhile, there are many ways
to solve problems. Some problems may provide multiple-choice answer to select and some
others may require students to write down the answer in details (in mathematics, they may re-
quire to write the correct formula and going through the calculating process). Events, reflects
the way the problems are solved. Events can be mouse manipulation, or how the players are
expected to do to solve the problems. Additionally, assessment is needed to know whether
the answer is correct or incorrect. Task (in which the simplify of task completion), represents
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those assessment. Task is giving the evaluation on how well the players complete the tasks
given. Further, there must be an expected time duration to finish math exam, likewise, in this
case, Time indicates the time when students/players start to work on the exact part of those
of that learning activity, in which later will be calculated to get the time duration.

In summary based on that analogies, game logs time variable should represent the time for
every triggered events. Scene should indicate chapters of the game which are composed of
assets, tasks, and events. Meanwhile, asset is property that construct the game (for example:
button, image, etc). Task represents howwell the players complete the game challenge, while
events are how the player finish the task using external input (for example mouse manipula-
tion). The proposed meta model and the example of JSON format file of the logs can be seen
in the Figure 8 and 9 respectively.

Figure 8: Meta model of the proposed serious games logs

Figure 9: Minimum structure of proposed game logs in JSON format
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3.3 GVT Architecture

Prior to the GVT development process, GVT architecture must be constructed. The GVT
architecture employs a client-server model, which is depicted in Figure 10. This diagram il-
lustrates the process by which a GVT server distributes resources for analyzing data collected
from a network, where both the game to be verified and the GVT desktop are hosted.

Figure 10: GVT architecture

TheGVT desktop application consists of GVT configuratormodule, which offers the fol-
lowing functionalities: (i) sets the local host IP address, (ii) gets the game path, and (iii) gets
the game’s player name. Modules (ii) and (iii) require input from GVT user to set the game
path and input the player’s name, respectively, for initializing the GVT. Upon initialization
of the GVT desktop app, the chosen game within the specified path is launched automatically
for verification. The Data manager component starts monitoring the player logs, while the
player’s emotion logs (stress level values) are collected by the ED device via BT which then
is sent to the server end-point during gameplay. Subsequently, the collected data undergoes
an Analysis process for further examination. Additionally, the GVT app server can be op-
erated from another Device by the GVT user. Operating the GVT app server is necessary
to display the results obtained from the Data manager and the Analysis process in a suitable
manner.
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3.3.1 Data Manager and Analysis Process

Data manager and analysis process is one of the key modules of the GVT. The main purpose
of this module is to manage and analyse data into and from database. From information
received by GVT desktop app which is configured by GVT user, the information then being
processed by data manager and analysis process module to which the data being managed
and analysed. Managed and analysed data is then being shown to GVT web app.

Data Manager
Data manager’s main functionalities are related with the logs integration and GVT database
modification. Information received by GVT from GVT desktop app and ED, are sent to the
database accordingly. In result, through the data manager, GVT database can record and save
the emotion logs and game logs in the most suitable way to be analysed later on. Relating
to the data modification, information received by GVT from GVT web app, provokes data
manager to do database modification. In result, the data can be analysed accordingly.

Giving the example in what the data manager does in the integration process, raw data from
game logs and emotion logs can not be sent directly to the GVT database without any initial
configuration. There should be a “key” that allows them to be integrated inside the database.
GVT uses time and player name as the key, allows it to integrate the logs from ED and the
serious game into one records. The same process happens when the data manager does the
database modification. Start from receiving the information from user input via GVT web
app, data manager filters the database accordingly, allowing the analysis process happens
afterwards.

Analysis Process
In order to provide game developers with valuable data analysis, GVT necessitates the ex-
amination of data generated by player logs (both from the ED and game) using the formula
outlined in Table 12. By analyzing player logs and emotion logs, GVT can yield new data
such as time spent, time accumulation, total time in scene, and average stress in scene.
Additionally, for multi-records analysis, by comparing data from multiple players logs, GVT
can obtain a feasibility result of the analysed games. By extending the use of the existing
formulas, GVT can calculate the multiple players logs and produce the assessment result as
overall stress level for the game, along with overall time game play. These results are
gained by initially calculated the avg stress level each scene and avg total time each scene of
multiple players logs. For calculating the multi-players records, GVT will grouping all the
records from those multiple players into the same scene. After all the scenes are grouped, it
calculates the avg stress level each scene and the avg total time in those each scene using
the same logic used to analyse single-player records. Note that the more the games being
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analysed (by testing it with multiple players), the more players logs GVT obtains. In result,
the more reliable the game feasibility score will be.

Table 12: Formula used in GVT

Value Formula
Time Spent ts E0 = (tE1 - tE0)
Time Accumulation ta En = Σ((tE1− tE0)+(tE2− tE1)+(…)+

(tEn− (tEn− 1))

Total Time in Scene tScene = Σ(tsE0 + tsE1 + ..+ tsEn)

Avg Stress in Scene Σ(((sE0s∗tsE0s)+(sE1s∗tsE1s)+(sE2s∗
tsE2s) +… + (sEns ∗ tsEns)))/Σ(tsE1s +

tsE2s+ tsEns))

Min Stress Lv in Scene min = (min(stress_lv))scene
Max Stress Lv in Scene max = (max(stress_lv))scene
Mode Stress Lv in Scene mode = (mode(stress_lv))scene
Quartiles Stress Lv in Scene quartiles = (quartiles(stress_lv))scene
Standard Deviation Stress Lv
Scene

std = (std(stress_lv))scene

The duration between the current and next event in the game is referred to as time spent. This
is calculated by subtracting the current event time from the next event time. Time accumu-
lation represents the total duration from the first event to the current event. It is calculated by
subtracting the previous event time from the current event time and adding the result to the
accumulated time. Total time in scene denotes the overall duration spent in a specific scene.
This is calculated by summing the time spent on each activity within that scene. On the other
hand, average stress in scene represents the average stress level in a particular scene. This is
calculated by multiplying the stress level by the time spent in each activity within the scene
and dividing it by the total time in the scene. MeanwhileMin, Max, Mode, Quartile, and
Standard Deviation Stress Lv in Scene represent the minimum, maximum, mode, quartiles,
and standard deviation of stress level values in particular scenes, respectively. Those statis-
tics calculation1 are calculated using statistical function in accordance to all the stress level
of every events in each scene .

There are some reasons taken into consideration in proposing those aforementioned formulas.
According to Allman (Casassus et al. 2019), the behaviour traits of people with ASD such
as lack in social function, adaptive cognitive and behaviour highly affected by the deficiency

1The inclusion of these statistics were included during the second iteration of the GVT tool development
(after usability evaluation)
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of sensitivity to perceive time, including the events duration and time between them. Addi-
tionally, since the GVT was developed to give feasibility score of SG that targeting autistic
children, there was an assumption that the game developers do specifically target those of
that children with the similar characteristics and behaviour.

By applying this formula in conjunction with game logs, developers can identify the specific
scenes that induce a high average stress level based on time-related aspects. These scenes
consist of various elements such as assets, events, and tasks. Thus, by only analysing the
scene, it is considered sufficient to provide insights into areas that require improvement to
make the scene less stressful.

3.4 UI Designs

Prior to the implementation process, GVT UI was designed. Two main designs of GVT
includes: GVT desktop app and GVT web app. In this section, the designs are elaborated
with their main functionalities. The designs of GVT desktop app and GVT web app will be
discussed in separate subsections.

3.4.1 GVT Desktop App

GVT desktop app was designed to run the game as well as the web app and the database
directly when the GVT is started. Figure 11 shows the UI design for GVT desktop app.

Figure 11: UI design of GVT desktop app

Going into details, in the mock-up, there are two entry columns in GVT desktop app. Player’s
name entry is needed to differentiate players when there is multi game testing happens at the
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same time. Game path entry uses for locating the game in which game players logs usually
resides in the same path as the game. Start button will trigger the run of the GVT server and
database as well as the game, while the stop button will stop all the GVT process.

3.4.2 GVT Web App

GVT web application has more dynamic UI designs. There are four main navigation menus:
Home, Single Analysis, Multi Analysis, and About. Home menu represents the front page
of the GVT web app which intends to direct the GVT users into the main analysis menus:
Single Analysis and Multi Analysis. Single Analysis menu itself is intended to analyse only
single data record in detail. Meanwhile, Multi Analysis page is intended to analyze multi
data records in order to get final result and comparable analysis of each record. Additionally,
About menu acts to give a brief information about the GVT.

Generally, Home menu intends to act as a front page which showing all the menus that the
GVT has. Therefore, there are only three buttons which each of them link the GVT user to
the other menus. There is also menu bar on top of the page to navigate and show the active
page. The design of the Home page can be seen in Figure 12.

Figure 12: Home page UI design of GVT web app

The second main menu is Single Analysis. This page is intended to show an analysis for
single-records. The design of the Single Analysis page can be seen in Figure 13. GVT
users are allowed to select the name of a player that is available inside GVT database from
the player name select drop down options. Following that, the date of play will show the
available date according to the name chosen from the selection options.
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Figure 13: Single Analysis UI design of GVT web app

The third main menu isMulti Analysis. This page is when the multi testing players records
can be analysed. As it is mentioned before that in using GVT, “the more records are analysed,
the more reliable score of game feasibility is resulted”. This particular page is intended to do
that analysis for giving final result score of SG feasibility for autistic children.

The UI design of the Multi Analysis page is depicted in Figure 14. Implementing the same
functionalities as in the Single Analysis page, users are allowed to select the available Player
Name and Date Play from the database. However, to extend that function, users can add more
than one player records to be analysed.

Figure 14: Multi Analysis UI design of GVT web app

Last but not least, About menu. This menu gives a brief information about the GVT. Who
the persons are behind it and what the work is about. The UI design can be seen in Figure 15.
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Figure 15: About page UI design of GVT web app
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4 THE GVT IMPLEMENTATION

In this section, the recap on how the solution design and analysis process was implemented
to build GVT is written. Selected technology for GVT is discussed. Further, proposed script
for game logs is revealed along with the final look of GVT after the designs were realized.

4.1 Selected Technology

In this section, selected technology for GVT is discussed. Prior to developing GVT, it is
necessary to preselect the suitable technology and define the condition needed for external
data inputs for GVT, which are emotion logs and game logs. Figure 16 provides an illustrative
representation of the GVT blueprint, presenting various technology options that could be
employed.

Figure 16: GVT blueprint

Considering those options and GVT requirements, the main programming language was de-
cided. Having an abundance of open-source package libraries, along with its simplicity,
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practicality, and explicitness ( n.d.), making python to be the best option compared to other
programming languages for developing GVT. Those of that python traits help addressing the
maintainability of the GVT non-functional requirement. Python tkinter was utilized for stan-
dard desktop Graphical User Interface (GUI), while python flask was used for building app
server which connects the back-end and front-end with the database. The database itself was
established based on MySQL, therefore, PyMySQL was implemented. On the other hand,
html and css language was used to build the front-end part in which GVT app server was
deployed.

JSON was chosen for the preferably file format for GVT by considering that it is the most
common format used for electronic data-interchange ( n.d.), particularly in the data transmis-
sion within web applications. The goal is to make GVT to be able to handle any data format
to address its usability requirement. However, to ensure a smooth data transmission, JSON
is a more suitable format for GVT.

4.2 Proposed Game Logs Script

After recommending the structure for game logs, author proposed particular script that may
be reusable to be implemented for other serious games built using Unity software. The fully
script shown in Appendix A Listing A.1 is the code that used by author to modify Gemas
for generating the logs. The purpose of the script is to enable the creation and storage of
JSON logs for a game using Unity C#. It records various data and events that occur during
gameplay and saves them in a JSON file called “PlayerGameLogs.json”. The elaboration of
the script will be discussed in the following snippets.

Listing 4.1 presents the snippet of the script in which showing the used of necessary libraries.

1 using System;
2 using System.Collections;
3 using System.Collections.Generic;
4 using System.IO;
5 using UnityEngine.SceneManagement;
6 using UnityEngine;
7 using UnityEngine.EventSystems;
8 using UnityEngine.UI;

Listing 4.1: MakeJsonLogs necessary libraries

Listing 4.2 represents the structure of a single log entry. It contains several public fields that
will be recorded for each log entry:

• logTime: A timestamp representing the current date and time when the log is recorded.

• scene: A string that stores the name of the scene in the SG.
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• asset: A string that stores the name of the SG object asset
• events: A string to store the specific event that occurred (e.g., mouse manipulation).
• task: A string representing the task or action associated with the logged event.

1 [System.Serializable]
2 public class Logs
3 {
4 public string logTime = System.DateTime.Now.ToString("yyyy-MM-dd HH:

mm:ss");
5 public string scene;
6 public string asset;
7 public string events;
8 public string task;
9 }

Listing 4.2: MakeJsonLogs logs class

Listing 4.3 represents the structure of the log list. It contains a public array of Logs objects.
The intention is to store multiple log entries in an array.

1 [System.Serializable]
2 public class LogsList
3 {
4 public Logs[] logs;
5 }

Listing 4.3: MakeJsonLogs LogsList class

Listing 4.4 shows class members that create instances of LogsList and Logs objects to hold
the log data.

1 public LogsList myLogsList = new LogsList();
2 public Logs myLogs = new Logs();

Listing 4.4: MakeJsonLogs class members

Listing 4.5 shows a method that serializes the myLogsList object into a JSON string using
JsonUtility.ToJson(). The true argument prints the JSON. Then, it writes the JSON data into
a file named “PlayerGameLogs.json” located in the Unity project’s “Asset” folder.

1 public void MakeFile()
2 {
3 string logsJson = JsonUtility.ToJson(myLogsList , true);
4 File.WriteAllText(Application.dataPath + "/PlayerGameLogs.json",

logsJson);
5 }

Listing 4.5: MakeJsonLogs MakeFile() method
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Listing 4.7 presents method used to add a new log entry to the myLogsList object. It takes
two parameters: events and task, which represent the event description and the task asso-
ciated with the log. In this method, the script reads the existing JSON data from the file
“PlayerGameLogs.json” and deserializes it back into the myLogsList object using JsonUtil-
ity.FromJson<LogsList>(). It then creates a new log entry (myPlayerLogs) with the current
timestamp, scene name, asset name, event description (events), and associated task (task).
The method then adds the new log entry to the existing myLogsList by creating a temporary
list (myLogsListTemp) to hold the old log data. It then resizes the original log array to ac-
commodate the new entry and copies the old data back. Finally, it calls the outputJSON()
method to write the updated myLogsList back to the JSON file.

1 public void AddRecord(string events , string task)
2 {
3 //read json from text file
4 string str = File.ReadAllText(Application.dataPath + "/

PlayerGameLogs.json");
5 myLogsList = JsonUtility.FromJson <LogsList >(str);
6 //collect data from input fields
7 Logs myPlayerLogs = new Logs();
8 myPlayerLogs.logTime = System.DateTime.Now.ToString("yyyy-MM-dd

HH:mm:ss");
9 myPlayerLogs.scene = EventSystem.current.

currentSelectedGameObject.tag;
10 myPlayerLogs.asset = EventSystem.current.

currentSelectedGameObject.name;
11 //myPlayerLogs.events = EventSystem.current.

currentSelectedGameObject.name + " is clicked";
12 myPlayerLogs.events = events;
13 myPlayerLogs.task = task;
14 //make temp list to hold old data
15 LogsList myLogsListTemp = new LogsList();
16 myLogsListTemp.logs = myLogsList.logs;
17 //make original longer
18 myLogsList.logs = new Logs [myLogsListTemp.logs.Length + 1];
19 //copy old data across
20 for (int i = 0; i < myLogsListTemp.logs.Length; i++)
21 {
22 myLogsList.logs[i] = myLogsListTemp.logs[i];
23 }
24 //add new data
25 myLogsList.logs[myLogsListTemp.logs.Length] = myPlayerLogs;
26 //write data
27 outputJSON();}

Listing 4.6: MakeJsonLogs AddRecord() method
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Listing 4.7 shows a method that is responsible for serializing the updated myLogsList object
into a JSON string and writing it back to the “PlayerGameLogs.json” file.

1 public void outputJSON()
2 {
3 string strOutput = JsonUtility.ToJson(myLogsList);
4 File.WriteAllText(Application.dataPath + "/PlayerGameLogs.json",

strOutput);
5 }

Listing 4.7: MakeJsonLogs outputJSON() method

To summarize, the script (Listing A.1) allows the creation andmodification of a JSON log file
with event data that has timestamps in a Unity game. The JSON file is initialized by theMake-
File() method, and new log entries are added to the existing JSON data by the AddRecord()
method. The log entries have timestamps, scene names, asset names, event descriptions, and
tasks.

The example on how to call MakeJsonLogs class from main menu is shown in Listing A.2.
Author used Indonesian language for the class name and Buttons. The meaning of those of
that are as follows: menu utama (mainmenu), warna (color), kenal bangun (learn shapes), ayo
bersikap (to act), keluar (exit), kembali (back), bantuan (help), panel bantuan (help panel).
Meanhwile, Listing A.3 presents an example for generating logs for task completion. The
code is for drag and drop task which if the player drop answer in the correct place the task
completion will be success and vice versa. Some of words are in Indonesian language. The
meaning of those of that are as follows: soal (question), jawab (answer), benar (correct/suc-
cess), salah (incorrect/fail). There are codes in those Listing (A.2 and A.3) scripts that need
to be taken into account.

The code in Listing 4.8 must be called to declare and initialize a variable named mj of type
MakeJsonLogs. It can be used to interact with and access the functionalities provided by
the MakeJsonLogs class. It allows the script to utilize the logging and data serialization
capabilities of theMakeJsonLogs class to record and manage game logs.

1 public MakeJsonLogs mj = new MakeJsonLogs();

Listing 4.8: Example of calling MakeJsonLogs

Additionally, the code in Listing 4.9 must be called to create or added a new log entry inside
the “PlayerGameLogs.json”.

1 mj.AddRecord (" Player goes to closing scene ", "");

Listing 4.9: Example of calling AddRecord function of MakeJsonLogs
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Note that all of the scripts related to the game should call MakeJsonLogs in order for them
to generate logs for each events in the scene. Author is looking forward for the code to be
reusable for other serious games. The result of generated game player logs after implementing
those scripts can be seen in Figure 17, which the JSON file of the game logs is generated in
the same path as the game. Figure 18 shows the example when game Gemas generates game
logs into the same path as the game.

Figure 17: Example of games logs in JSON

Figure 18: Gemas game logs is generated in the same path as the Game

4.3 GVT UI

In this section, the GVT final UI is presented. It was implemented based on the mock-ups
presented in the section 3, with some designs were under modification to fit GVT function-
alities.
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GVT Desktop App
By extending the design, there are two more entry columns in GVT desktop app. Running
on’s entry column will show the host address when the Get button is clicked. This trigger
the ED End Point’s entry column to show the end point to input in the ED configuration
in order for ED to be able to send the emotion logs into GVT server. As discussed in the
section 3, Player Name entry is needed to input player’s name. Game Folder entry uses to
locate the game and game players logs path. Start button will commence the run of all GVT
functionalities, while the stop button will stop all the GVT process. The realization of this
design is shown in Figure 19.

Figure 19: GVT desktop app UI

GVTWeb App
As mentioned in the previous chapter, GVT has four main menus: Home, Single Analysis,
Multi Analysis, and About. Following the original mock-up, the realization of Home page
design can bee seen in the Figure 20.

Figure 20: Home page UI of GVT web app

44



The second main menu is Single Analysis. The implementation of the design can be seen
in Figure 21 with the logic of the select drop down options for Player Name and Date Play
are depicted in Figure 22 and 23. Rational behind this function is that to accommodate the
possibility of one player do the game testing more than once in separate days.

Figure 21: Single Analysis page UI of GVT web app

Figure 22: Single Analysis page Player Name function UI of GVT web app

Figure 23: Single Analysis page Date Play function UI of GVT web app

Following that, after analyze button is clicked, GVT will show the analysis result which
includes tables and graph. There are three tables in result of the analysis process: Monitoring
Data, Single Analysis, Analysis Based on Scene. Additionally, there is a Glossary table to
help GVT users understand the formula used in the analysis process. Further, based on the
Analysis Based on Scene table, dynamic graph will be presented.

Figure 24 shows the Monitoring Data table. The table is intended to show the raw records of
merging the emotion logs and game player logs. The Monitoring Data table has six columns
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which are Time, Scene, Asset, Event, Task (completion), and Stress level. Each of the column
represents the records accordingly from the selected player records in database. The table can
be downloaded as .csv file through the download button.

Figure 24: Single Analysis page, Monitoring Data table UI of GVT web app

The Single Analysis table is depicted in Figure 25. Through this table, GVT shows the first
analysis process which are calculating Time Spent and time Accumulation. Thus, there are
two new columns to accommodate Time Spent and Time Accumulation. The table is also
colored based on the stress level. From (Suni Lopez et al. 2019), stress level was categorized
into three ranges: Low, Medium, High. Low, if the stress level value less than 3. Medium,
if the stress level value between 3 and less than 4. High, if the stress level equal or more
than 4. Those categorisations are represented through colors, in which Green represents
Low, Yellow denotes Medium, and Red indicates High stress level. Furthermore, this table
provides sorting functions in each column, as well as filter to filter the table based on the
Task completion. Figure 26 shows the example of the table when the filter is active. Single
Analysis table can be downloaded as a .csv when the download button is clicked.
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Figure 25: Single Analysis page, Single Analysis table UI of GVT web app

Figure 26: Single Analysis page, Single Analysis table task filter UI of GVT web app

Analysis Based on Scene table is designated the records based on scene. The example of the
table is presented in Figure 27. From the raw records, GVT groups them accordingly into the
same scene when the events are recorded. It is then calculated to generate the Average Stress
Level for each scene, along with the Total Time spent in that particular scene. In result, the
table expands with two more columns: Total Time in Scene and Avg Stress. Using this table,
developers can start to analyse which scenes that have high average stress level. Therefore,
they can indicate in which activities in that particular scenes that make the average stress
level score high. In result, GVT can encourage serious game developers to modify those
elements to improve the game for lowering the stress level score. Additionally, the table can
be downloaded as an .xls file by clicking the download button.
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Figure 27: Single Analysis page, Analysis Based on Scene table UI of GVT web app

GVT uses graph to provide its users with the simple and concise visualisation of the analysed
data. There is a dynamic graph that can be changed accordingly to generate a comparable
combination between Scene, Stress level, and Total Time. The graph has two types that can
be selected: Line and Bar. Users are expected to input the combination as their desire and
when the Generate Chart button is clicked, the graph will show the visualisation accordingly.
Figure 28 and 29 depict the example of generated graph. The first aforementioned graph
shows the combination of Stress Level by Scene as a line graph, while the last shows a bar
graph of Total Time by Scene.
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Figure 28: Single Analysis page, Stress Level by Scene graph UI of GVT web app

Figure 29: Single Analysis page, Total Time by Scene graph UI of GVT web app
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The last table generated in the Single Analysis page is Glossary table. As can be seen in
Figure 30, this table is provided to be useful for the GVT users if they want to know what
formula is used to process the data records. Four formulas are presented in the table: Time
Spent, Time Accumulation, Total Time in Scene, and Average Stress Level. Those of that are
the main formulas used to calculate and analyse data records which the values are generated
inside the aforementioned tables (Single Analysis and Analysis Based on Scene).

Figure 30: Single Analysis page, Glossary table UI of GVT web app

The third main page is Multi Analysis page. Figure 31 visualizes the realization of the
design. Button Add allows users to add more players records to be selected, while the small
red button on the right side of the form allows users to remove the selected players logs to
not be included into the analysis. Further, Analyze button initiates the analysis process when
it is being clicked.

In result of the initiations of Analyze button, GVT generates assessment Result of the feasi-
bility score of the tested serious game. It gives Overall Stress Level score along with Overall
Time Play. The final score is from the Overall Stress Level score whis is categorized into
three categorizations: Stressless, Neutral, and Stressful. The same clusters from (Suni Lopez
et al. 2019) are applied. The score is considered Stressless if the value less than 3. Neutral, if
the overall stress level value between 3 and less than 4. Stressful, if the stress level equal or
more than 4. Additionally, GVT presents the Stress Level Distribution chart that is showing
the ratio of stress level from all the records. Using this information, game developers will
directly get the summary of the assessment process of multi-records analysis.
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Figure 31: Multi Analysis page UI of GVT web app

Figure 32: Multi Analysis page, game feasibility Result UI of GVT web app

To give more details, GVT also provides Result Detail table as seen in Figure 33. GVT
calculates all the multi-records by extending the logic of formulas used for calculating single-
records. Furthermore, the formulas allow GVT to calculate the Overall Stress Level and
Overall Time Play.
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Figure 33: Multi Analysis page, Result Detail table UI of GVT web app

Based on the calculated records that are shown in the Result Detail table, a dynamic Result
Graph is generated. It is shown the final calculation of multi-records (which is turned into
single-records data) into a chart. As mentioned before, the chart is dynamic, the users are
allowed to configure the input before generating desired chart. There will be a combination
between Avg Stress Level, Avg Total Time, and Scene, along with the type of the chart. For
instance, Figure 34 shows the Line chart of Avg Stress Level by Scene, while Figure 35 shows
the Bar chart of Avg Total Time by Scene.

Additionally, there is a possibility that the games developers want to compare each player
records. Therefore, Multi Analysis page accommodates this concern by providing Detailed
Graph Representation - Multi Players. This graph visualizes comparable multi records point
into one graph. Having the same functionality, the users can generate a graph as their desired.
Figure 36 and 37 represent the detailed graph of multi records as a line chart and bar chart,
respectively. While Figure 36 shows the Avg Stress Levels by Scene, Figure 37 presents the
Avg Total Time by Scene.
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Figure 34: Multi Analysis page, Line graph of Avg Stress Level by Scene of Result UI of
GVT web app

Figure 35: Multi Analysis page, Bar graph of Avg Stress Level by Scene of Result UI of
GVT web app
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Figure 36: Multi Analysis page, Line graph of Avg Stress Lv by Scene of multi players
records UI of GVT web app

Figure 37: Multi Analysis page, Bar graph of Avg Total Time by Scene of multi players
records UI of GVT web app

54



The Glossary table is the last table generated in the Multi Analysis page. As can be seen
in Figure 38, this table shows the four extending formulas used to calculate the Average
Stress Level Each Scene, Average Total Time Each Scene, Overall Stress Level, and Overall
Time Play. Those of that formulas are the main formulas used to calculate and analyse multi
data records which the values are generated inside the Result Detail table. Glossary table is
intended to be useful for the GVT users if they want to know what formula is used to process
the data records.

Figure 38: Multi Analysis page, Glossary table UI of GVT web app

About page gives the information about the GVT. The realization of the About page design
can be seen in Figure 39.

Figure 39: About page UI of GVT web app
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5 TESTING AND EVALUATION

This chapter will discuss about the testing and evaluation process of GVT. The GVT usability
test was conducted in CiTIUS which was involving in total of 14 participants which are
developers and programmers. Note that the testing was intended to test the usability of the
GVT and not for testing games. Therefore, only comments and advice from developers or
programmers point of view are needed. Thus, there were no autistic children involved in the
testing and evaluation process. Prior to the testing process, there was a need to select the
emotion detector (ED) and the serious games (SG) targeting autistic children used for testing
the GVT. Those of that along with the testing process and evaluation will be elaborated in
separate sections.

5.1 Selection of Emotional Detector and Serious Game

It was necessary for GVT to find a suitable baseline of ED and SG used for testing. As
mentioned in the Chapter 3, in collaboration with CiTIUS, the ED used in the testing process
was an adapted version of a mobile app developed by Mamani 2021, which combines EDA
signal and speech in english. For the usability testing, the mobile app was modified, by
considering only the EDA signal as input of the stress detector and allowing the persistence
of the detector outcome that was sent to the server. The real-time stress detector, using EDA
signal, implements the pipeline proposed by Suni Lopez et al. 2019. Although underwent
some modifications, the accuracy of the stress detector does not change. As reported in
Mamani 2021, ED has an accuracy of 73.5% in real-time conditions.

Figure 40: ED used during usability testing:
EDA sensor (Left) and adapted version of a
mobile app (Right), Mamani 2021 (ibid.)

Figure 40 shows how the sensor and ED look
like. As can be seen in that figure, players
are expected to wear wearable sensor which
are worn in two fingers of non dominant
hand. The sensor then sends the raw data of
emotion into the ED mobile device through
BT. ED then analyzes the emotion data, then
sends the emotion (stress level) logs to the
GVT server end-point via local host. Mean-
while, for selecting the SG, an existing seri-
ous game targeting autistic children, called
Gemas (Al Irsyadi and Rohmah 2017) was
modified for this purpose. The learning sub-
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ject materials that are taught by Gemas are based on a textbook used by Rumah Pintar
Salatiga, a special school for people with special needs in Indonesia. Gemas, initially was a
static game for autistic children based on Kinect which lacked the ability to generate player
logs. Also, Gemas only in Indonesian language which made it inaccessible for Spanish play-
ers. Subsequently, Gemas underwent modifications and transformed into a desktop game
capable of generating player logs as well as having Spanish language as a new language op-
tion. The modification process took nearly a month. The detailed description of Gemas is
as follows: Goal: To assist teachers in introducing shapes, colors, numbers, and examples
of good behavior to school-age children with autism in an engaging and enjoyable manner,
aiming to enhance their interest in learning these subjects at school. Target: School-age chil-
dren with autism. Platform: Desktop platform. Objective: Implementation within school
settings. Language: Spanish and Indonesian language. Technical info: The game consists
of a total of 20 scenes and is considered static in terms of difficulty level and reinforcement
feedback. The hierarchy of Gemas’ scenes can be seen in Figure 41.

Figure 41: Gemas game hierarchy
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5.2 Usability Evaluation Design

The plan and design of the GVT usability evaluation has been carried out according to the
usability evaluation method proposed by Condori-Fernández et al. 2013.

5.2.1 Subjects and Setting

There were in total 14 participants involved in usability evaluation of the GVT. The partici-
pants are developers and programmers which one of them is visually impaired programmer.
The testing process was held in CiTIUS in the same room and conditions for approximately
three days during the day. Author acted as a SG player in order to obtain the emotion and
game player logs for the GVT to analyze in the testing process.

The example setting of the testing process can be seen in Figure 42a and 42b. Figure 42a
shows how Author played the SG after the participants ran the GVT desktop app in order to
obtain game player records. Meanwhile, Figure 42b shows the example on how the devel-
opers or programmers who participated in the usability testing of the GVT web app did the
evaluation.

(a) how expected player do the test (b) how expected SG developers analyze
their games using GVT

Figure 42: GVT usability test

Variables
The usability is evaluated based on three quality aspects: Efficiency, Effectiveness, and User
Satisfaction. According to Condori-Fernandez and Lago 2018, efficiency is defined as “re-
sources expended in relation to the accuracy and completeness with which users achieve
goals”. Effectiveness means “accuracy and completeness with which users achieve speci-
fied goals”. While user satisfaction is related to users confidence that the system or product
will behaves as desired and when the goals are perceived, it satisfies the users. Meanwhile,
according to Chung et al. 2012, efficiency is related to the performance, in which howwell the

58



product or system is functioning in utilizing a resource. In correlation to that, effectiveness
is one of the concern in the performance efficiency.

Usability Tasks
Participants were given list of tasks related to the GVT functionalities to test. The list of tasks
and corresponding activities (the full list can be seen in Appendix B) is as follows:

• Desktop app
T1 Configure GVT
A1.1 Modify GVT entries
A1.2 Starting GVT
A1.3 Stopping GVT

• Web App
T2 Analyze Single data record from Single Analysis page
A2.1 Monitoring single player’s records
A2.2 Download Monitoring Data table
A2.3 Analyse single player’s records
A2.4 Filter and sort Single Analysis Table
A2.5 Download Single Analysis table
A2.6 Grouping the records based on scene
A2.7 Download records based on scene
A2.8 Show the analysis as a Graph
A2.9 Read the Glossary for single analysis

T3 Analyze multi data records from Multi Analysis page
A3.1 Do Multi Analysis
A3.2 Show the result as a table
A3.3 Download Result Detail table
A3.4 Show the Result Detail table as a graph
A3.5 Compare the multi user’s records in a chart
A3.6 Read the Glossary for multi analysis

All of the activities in each task were defined by considering all the functionalities the GVT
has. The activities used to identify the completeness of the tasks. It then helped to formulate
the questionnaire in the evaluation process.

Instrumentation
There were three instruments used for the usability test, they are as follows:

• Recorder (screen and voice): to time the users as well as to capture and identify tasks
completion in regard for efficiency evaluation.
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• List of tasks: tasks to carry out by participants related to GVT functionalities.
• Post-test questionnaire: to get full feedback from the participants in relation with ef-
fectiveness and users satisfaction.

The recordingswas used to time the users as well as to capture and identify tasks completion
for evaluating efficiency. Task is considered complete is the user complete all the activities
specified in the appendix B. It is calculated from the average total time spent from starting
until finish the evaluation. Besides, Thinking aloud technique (Waes 2000) was adopted to
encourage participants express their mind. Thus, screen and voice recorder was utilized to
tape participants voice and their screen activities.

Post testing process, all the participants were expected to fill Google Form questionnaire and
give their objective opinions. Google Formwas mainly (but not particularly) used to evaluate
the effectiveness and the user satisfaction. There are in total 39 questions, which consist of
34 required questions and 5 optional questions. The optional questions are required to gather
qualitative feedback related to comments and suggestions from participants. Effectiveness
was calculated in two measurements criteria: manageable and unmanageable, by using a
linear scale in regards from the Q2 (see Table 13) answer. In correlation with effectiveness,
the tasks were classified into three categories: simple, medium, complex. Meanwhile, the
user satisfaction was calculated using nonverbal measurement tools - Emocards (Desmet
2000; Agarwal and Meyer 2009) which having eight emotion scales (as seen in Figure 43)
in order to be more dynamic and precise to express the users emotion. Additionally, user
satisfaction includes how user is satisfied with their perceived achievement of pragmatic
goals (Condori-Fernandez and Lago 2018). In the GVT case, one of the most important
pragmatic goals is that the analysis reports shown in the GVT web app are understandable,
therefore, linear scale questions related to this aspect (Q1) are included inside the Google
Form sheet.

Figure 43: Emocards used for evaluating
users’ satisfaction

There are two main sections in questionnaire
related evaluating the usability of GVT: GVT
desktop app and GVT web app. For evaluat-
ing GVT desktop app, there are only two ques-
tions and one entry suggestion in the question-
naire. Meanwhile, for evaluating GVT web
app, there are four separate sections in rela-
tion with the menus: Home, Single Analysis,
Multi Analysis, and About. The list of full
questions for both GVT desktop and web app
can be found in Appendix C.
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Each functionality consists of two questions.
However, some of the functionalities have

three questions related to the effectiveness and satisfaction according to their function. Table
13 shows the main questions for evaluation. The only difference between Q1 and Q2 is in the
user decision needed to run the function. Q1 was intended for both the functionalities which
require any decision from the user or not, while Q2 was intended only for functionalities
which require user decision.

Table 13: Question related to Effectiveness (Q2) and Satisfaction (Q1 and Q3).

Symbol Question Scale
Q1 Is it understandable? 5 linear scale with 5 is the most understandable
Q2 Is it manageable? 5 linear scale with 5 is the most manageable
Q3 Are you satisfied? 8 scale

The tasks were classified into three categories: simple, medium, complex. The classifica-
tions of the tasks are as follows:

• Medium: T1
• Complex: T2 and T3

Meanwhile, the details of devices used for the usability testing are as follows:
• MacBook with operating system Ventura 13.4.1. This device used by participants to
test the usability of the GVT desktop app and to run the SG played by Author who
acted as a game player.

• iPad with operation system iPadOS version 16.5.1. This device used by participants to
test the usability of GVT web app.

5.3 Usability Evaluation Process

There are two evaluation processes based on the methods gathered from the usability test:
recordings and questionnaire. 14 recordings (screen and voice) as well as 14 filled ques-
tionnaires were collected from the usability test.

5.3.1 Data Analysis and Results

The information gathered from video and voice recordings shows that all of the participants
complete the tasks fully, therefore the completeness is 100% as can be seen in Figure 44(a)
and 44(b) for completeness each task and task categories, respectively. The testing result
was plotted into bar graphs according to task and task categories for efficiency, effectiveness
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and users satisfaction. The graphs call task 1 (T1), task 2 (T2), and task 3 (T3) as Desktop,
Single, and Multi, respectively to represents GVT desktop app and web app menus.

(a) Completeness of each task (b) Completeness of each task category

Figure 44: GVT Completeness

Figure 45(a) represents the efficiency of GVT in relation of average time spent of tasks (in
second) and tasks while Figure 45(b) shows the relation of average time spent of tasks (in
second) with difficulty categories. As can be seen from the figures, the complexity of tasks
affect the time spent on completing the tasks.

(a) Average efficiency of each task (b) Average efficiency of each task category

Figure 45: GVT efficiency

Since the completeness of tasks all gained 100%, for effectiveness, we consider to depict data
from the questionnaire. According to the questionnaire filled by participants along with the
recordings, the average score related to the management tasks are high. All of the tasks are
considered manageable with the score in range 4-5 (highest scale) as can be seen in Figure
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47(a). However, medium tasks got the lowest score of effectiveness compared to complex
tasks. This odd occurrence can be seen in Figure 47(b)

Based on the feedback, GVT satisfied participants with its functionalities. The satisfaction
score can be seen in Figure 46(a) for average satisfaction by tasks and 46(b) for average sat-
isfaction by task categories. Overall, all participants felt pleasant (range 2-4 of emocards)
in using GVT with all the functionalities it has. Additionally, according to the complex-
ity, participants felt the most satisfied when working on the complex tasks. Although it is
quite strange that the complex tasks generate the best satisfaction score, according to the data
received in the testing process, it is what the participants felt.

(a) Average effectiveness of each task (b) Average effectiveness of each task category

Figure 46: GVT effectiveness

(a) Average satisfaction of each task (b) Average satisfaction of each task category

Figure 47: GVT users satisfaction

Furthermore, the detailed evaluation of the results gathered from the questionnaire and record-
ings is elaborated in Table 14 and 15 for GVT desktop app and GVT web app, respectively.
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Table 14 shows that the evaluation of usability score of GVT desktop app is relatively
high. 50% of responders vote the highest score of effectiveness (5), along with the majority
of satisfaction score is in average pleasant range (3). However, GVT needs to improve its
UI to accommodate inclusiveness. In result of the lack accessibility from GVT desktop app
to be an inclusive verification tool, 7.1% responders vote GVT as unmanageable app with
satisfaction score in average unpleasant range.

As it was mentioned before, in addition of voice recording, the questionnaire provides one
entry for suggestion in every sections for qualitative feedback. Related to GVT desktop
app, there are 10 suggestions received. In summary, GVT design is good, efficient (but a bit
bulky), easy to understand and manage, simple but usable. However, many aspects need to
be improved, for instance tonality of colors and the size of letters. Furthermore, GVT desktop
app is inaccessible for visually impaired users, or in general, for people with special needs.
Ergo, improving GVT to be an inclusive verification tool is a must.

Table 14: Evaluation of GVT desktop app.

Total responders : 14
Category Result
Effectiveness Q2 5: 50%, 4: 42%, 1: 7.1%
Satisfaction Q3 3: 35.7%, 4: 28.6%, 2: 21.4%, 1: 7.1%, 7: 7.1%

Usability test evaluation for GVT web app is relatively high as can be seen in Table 15.
Overall, more than 60% responders agreed that the effectiveness of the GVT is 5 out of 5
scale. Meanwhile, the majority of users satisfaction is reported to be in excited pleasant -
average pleasant range. However, as it was stated before, GVT is still lack of accessibility
interface. Thus, GVT is considered ininclusive for disabled users. Ergo, resulting in 7.1%
of responders felt unsatisfied with GVT with the emotion scale is in average unpleasant -
excited unpleasant.
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Table 15: Overall evaluation of GVT web app.

Total responders : 14
Menu Category Result
Home Satisfaction Q3 3: 42.9%, 2: 28.6%, 4: 14.3%, 5: 7.1%, 8: 7.1%

Single Analysis
Effectiveness Q2 5: 64.3%, 4: 28.6%, 2: 7.1%
Satisfaction Q3 2: 42.9%, 3: 42.9%, 5: 7.1%, 8: 7.1%

Multi Analysis
Effectiveness Q2 5: 78.6%, 4: 14.3%, 3: 7.1%
Satisfaction Q3 2: 50%, 3: 21.4%, 1,4,5,7: 7.1%

About Satisfaction Q3 2: 28.6%, 1: 21.4%, 3: 21.4%, 4,5,7,8: 7.1%

By going into details to evaluate the usability of Single and Multi Analysis menus, Table
16 and 17 show elaborated evaluation according to all functionalities in Single and Multi
Analysis menus, respectively.

Table 16: Evaluation of GVT web app - Single Analysis.

Total responders : 14
Functionality Category Result
Monitoring Data
Table

Satisfaction
Q1 5: 57.1%, 4: 42.9%
Q3 2: 42.9%, 4: 28.6%, 3: 14.3%, 5,7: 7.1%

Single Analysis
Table

Effectiveness Q2 5: 71.4%, 4: 21.4%, 3: 7.1%

Satisfaction
Q1 5: 64.3%, 4: 28.6%, 3: 7.1%
Q3 2: 42.9%, 3: 21.4%, 4,5: 14.3%, 7: 7.1%

Analysis Based
on Scene Table

Satisfaction
Q1 5: 64.3%, 4: 21.4%, 3,2: 7.1%
Q3 3: 50%, 2: 21.4%, 1,5,6,7: 7.1%

Graph
Representative

Effectiveness Q2 5: 71.4%, 4: 28.6%

Satisfaction
Q1 5: 71.4%, 4: 28.6%
Q3 2: 42.9%, 3: 21.4%, 4: 14.3%, 1,6,7: 7.1%

Glossary Satisfaction
Q1 5: 64.3%, 4: 21.4%, 3: 14.3%
Q3 2: 35.7%, 3: 28.6%, 1: 14.3%, 4,5,8: 7.1%
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Table 17: Evaluation of GVT web app - Multi Analysis.

Total responders : 14
Functionality Category Result
Assessment
Result

Satisfaction
Q1 5: 50%, 4: 35.7%, 3: 14.3%
Q3 3: 28.6%, 2,4: 21.4%, 5: 14.3%, 1,7: 7.1%

Result Detail
Table

Satisfaction
Q1 5: 71.4%, 3: 14.3%, 4,2: 7.1%
Q3 2: 42.9%, 3: 28.6%, 1,4,5,8: 7.1%

Result Graph
Representation

Effectiveness Q2 5: 78.6%, 4: 21.4%

Satisfaction
Q1 5: 78.6%, 4: 14.3%, 3: 7.1%
Q3 2: 42.9%, 3,5: 21.4%, 1,8: 7.1%

Detailed Graph
Representation -
Multi Players

Effectiveness Q2 5: 78.6%, 4: 21.4%

Satisfaction
Q1 5: 71.4%, 4: 28.6%
Q3 2: 50%, 1,3: 14.3%, 4,5,8: 7.1%

Glossary Satisfaction
Q1 5: 71.4%, 4: 14.3%, 3: 14.3%
Q3 3: 28.6%, 2,4: 21.4%, 1: 14.3%, 5,8: 7.1%

In addition of the qualitative feedback received by voice recorder, in relation with four
menus available in GVT web app, the entry for suggestion was separately provided for each
menu. There are 5 responses received for Home menu from the questionnaire. In summary,
Home is considered simple, easy to understand and use. Meanwhile, only 1 response received
from the questionnaire for About menu. In summary, About serves a necessary information
that is expected from this kind of page. Not much text makes it quick to read and understand
the idea of the work.

The qualitative feedback received for Single Analysis andMulti Analysis menus are pretty
similar. There are 5 responses from questionnaire for both Single and Multi Analysis menus.
Combiningwith the voice records, in summary, both pages have good interfaces and functions
which easy to understand and follow. However, not only lack of accessibility, some part of the
functionalities need to be improved in order to locate the important data easily and directly.
Moreover, some functionalities are expected to be automatic when there is a change, instead
of always clicking button to generate new desired info.

In summary, GVT is usable. Participants found the GVT to be manageable (effective) and
efficient. The GVT is considered satisfying by the participants as they were perceiving the
tool as understandable.
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6 CONCLUSIONS

Serious games may be one of the most effective ways to help children with ASD doing learn-
ing activities. However, considering the traits of children with autistic in which having the
lack of emotion maintainability, there is a need to validate the suitability of the serious games
which targeting them. This is in order to ensure that the serious games targeting autistic chil-
dren do not trigger the raise of their stress level.

Examination of previous validation methods that involve users (players and experts/non-
experts) and cost factors was held along with this work to cluster and map those existing
validation methods. In result, it is found that most of the existing methods are aiming for gen-
eral games or SG, they require the involvement of end-user in the V&V process. However,
those approaches have not considered the limitation of children with mental disorder which
makes the V&V process relatively uninclusive. Additionally, in relation to this master thesis
work, the most closest research to evaluate games which may be applicable for evaluating
serious games targeting autistic children is GUR. However, GUR implements physiological
responses evaluation which requires equipment in which those are considered intrusive for
mental disorder children especially children with ASD.

Many emotion detection methods which can be integrate with the verification tool exist.
However, taken into account traits of person with ASD, majority of those methods are not
applicable for them. Children with ASD have this particular traits: hard in expressing emo-
tion, anxious, easily meltdown. Considering those traits, self-Report measures of emotions
may not be reliable if we expect children with ASD to fill the questionnaire or use picto-
rial methods. Implementing facial expression, gestures, and voice detection or analyzer, are
not plausible as well. Further, utilizing physiological system measurements, may not be a
best solution for this case, since almost all the physiological system measurements require a
person to wear on-skin equipment, which is considered obstructive for autistic people.

Having goal to be a simple but useful verification tool for this purpose, an unintrusive seri-
ous games verification tool (GVT) is proposed. GVT was designed to identify serious games
(targeting autistic children) elements in order to assist game developers improving their seri-
ous games and creating more inclusive serious games for children with ASD. GVT works by
integrating emotion detector (ED) (which developed by Suni Lopez et al. 2019), with games
players logs generated by the serious games. Using GVT technique, game developers can
keep on track in which logs that the autistic players’ stress level is considered high. Ergo,
it will encourage the game developers to improve those of that elements to maintain their
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players (autistic children) stress level in a safe range and make the games suitable for them.
Further, if GVT is widely used for this purpose, GVT was foreseen to be part in enhancing
the quality of education for children with ASD. Additionally, by providing the more suitable
learning activities options for children with ASD, GVT reduces inequalities and provides
inclusiveness.

The result of GVT usability test shows that according to 14 participants (programmers and
developers), GVT is usable, manageable, and understandable. Participants believe that GVT
can help serious game developers (who are targeting autistic children) to evaluate their serious
game elements in a way that is safe to involve children with ASD in the evaluation process.

6.1 Limitation

The main goal of GVT is to serve as a simple game validation tool, relying on game player
logs and an ED. However, some serious games for autistic children do not have player logs
or the structure of the logs is not suitable for GVT, which makes it difficult for GVT to
analyze them. Additionally, GVT only works for desktop games (since it is assumed that
larger media can help children with ASD to concentrate better), while there are also valuable
serious mobile games that require analysis. Along with that, regarding the proposed game
logs, future research should explore inwhich extent the proposed script (whichwas developed
to generate logs for Gemas) can be applied to other games including mobile games.

Another limitation is related on how data being analysed and presented by GVT. Since GVT
only use average in data calculation, there is a concern that analyzed data presented by GVT
may not be reliable enough to represent complex data analysis. GVT should consider ade-
quate calculation such as quartile, max, min, and standard deviation to accommodate more
complex data. In affect, the graphs presented by GVT should as well enhance by not only
bar or line, but also histogram, kernel, or bubble according to data relations.

6.2 Recommendation

There are some areas that can be improved in this research work. To address this, Author
recommend that in further GVT development, GVT should consider for not only involving
autistic players’ stress level, but also incorporating a wider range of emotions, such as hap-
piness, anxiety, shock, anger, and more. By doing so, it will open a possibility to integrate
GVT with other future wearable ED devices.

Additionally, there is an acknowledgement of the GVT limitations as it currently relies on
externally generated game player logs. To overcome this, it would be highly advantageous if
the GVT could automatically generate game player logs internally. This enhancement would
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enable the evaluation of both games with and without player logs, making the evaluation
process more comprehensive.

Furthermore, future research should focus on utilizing GVT to evaluate serious mobile games
designed for autistic children. This could yield valuable insights and contribute to the im-
provement of gaming experiences tailored to this specific audience.
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A APPENDIX: PROPOSED SERIOUS GAMES (SG) LOGS
SCRIPT

1 using System;
2 using System.Collections;
3 using System.Collections.Generic;
4 using System.IO;
5 using UnityEngine.SceneManagement;
6 using UnityEngine;
7 using UnityEngine.EventSystems;
8 using UnityEngine.UI;
9

10 public class MakeJsonLogs{
11 [System.Serializable]
12 public class Logs
13 {
14 public string logTime = System.DateTime.Now.ToString("yyyy-MM-dd

HH:mm:ss");
15 public string scene;
16 public string asset;
17 public string events;
18 //public string activity;
19 public string task;
20 }
21

22 [System.Serializable]
23 public class LogsList
24 {
25 public Logs[] logs;
26 }
27

28 public LogsList myLogsList = new LogsList();
29 public Logs myLogs = new Logs();
30 public void MakeFile()
31 {
32 string logsJson = JsonUtility.ToJson(myLogsList , true);
33 File.WriteAllText(Application.dataPath + "/PlayerGameLogs.json",

logsJson);
34 }
35

36 public void AddRecord(string events , string task)
37 {
38 //read json from text file

1



39 string str = File.ReadAllText(Application.dataPath + "/
PlayerGameLogs.json");

40 myLogsList = JsonUtility.FromJson <LogsList >(str);
41 //collect data from input fields
42 Logs myPlayerLogs = new Logs();
43 myPlayerLogs.logTime = System.DateTime.Now.ToString("yyyy-MM-dd

HH:mm:ss");
44 myPlayerLogs.scene = EventSystem.current.

currentSelectedGameObject.tag;
45 myPlayerLogs.asset = EventSystem.current.

currentSelectedGameObject.name;
46 //myPlayerLogs.events = EventSystem.current.

currentSelectedGameObject.name + " is clicked";
47 myPlayerLogs.events = events;
48 myPlayerLogs.task = task;
49 //make temp list to hold old data
50 LogsList myLogsListTemp = new LogsList();
51 myLogsListTemp.logs = myLogsList.logs;
52 //make original longer
53 myLogsList.logs = new Logs [myLogsListTemp.logs.Length + 1];
54 //copy old data across
55 for (int i = 0; i < myLogsListTemp.logs.Length; i++)
56 {
57 myLogsList.logs[i] = myLogsListTemp.logs[i];
58 }
59 //add new data
60 myLogsList.logs[myLogsListTemp.logs.Length] = myPlayerLogs;
61 //write data
62 outputJSON();
63 }
64

65 public void outputJSON()
66 {
67 string strOutput = JsonUtility.ToJson(myLogsList);
68 File.WriteAllText(Application.dataPath + "/PlayerGameLogs.json",

strOutput);
69 }
70 }

Listing A.1: MakeJsonLogs

1 using System;
2 using System.Collections;
3 using System.Collections.Generic;
4 using System.IO;
5 using UnityEngine.SceneManagement;
6 using UnityEngine;

2



7 using UnityEngine.EventSystems;
8 using UnityEngine.UI;
9

10 public class menuutama : MonoBehaviour
11 {
12 public Button warna;
13 public Button kenalbangun;
14 public Button ayobersikap;
15 public Button keluar;
16 public Button kembali;
17 public Button bantuan;
18 public Canvas panelbantuan;
19 public MakeJsonLogs mj = new MakeJsonLogs();
20 void Start()
21 {
22 warna = warna.GetComponent <Button >();
23 kenalbangun = kenalbangun.GetComponent <Button >();
24 ayobersikap = ayobersikap.GetComponent <Button >();
25 keluar = keluar.GetComponent <Button >();
26 mj.AddRecord("Player is in main menu", "");
27 }
28

29 public void exit()
30 {
31 mj.AddRecord("Player goes to closing scene", "");
32 SceneManager.LoadScene("end");
33 }
34

35 public void color()
36 {
37 mj.AddRecord("Player goes to coloring scene", "");
38 SceneManager.LoadScene("warna");
39 }
40

41 public void shape()
42 {
43 mj.AddRecord("Player goes to study shape menu", "");
44 SceneManager.LoadScene("kenal bangun");
45 }
46

47 public void behave()
48 {
49 mj.AddRecord("Player goes to acts scene", "");
50 SceneManager.LoadScene("bersikap");
51 }}

Listing A.2: Example of calling MakeJsonLogs from main menu class
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1 using UnityEngine;
2 using UnityEngine.Audio;
3 using System.Collections;
4

5 public class dragdrop : MonoBehaviour {
6 public MakeJsonLogs mj;
7 Vector3 initialPosition1;
8 public GameObject soal, Jawab;
9 public AudioSource benar;
10 public AudioSource salah;
11 public Canvas myCanvas;
12 private int x;
13 Camera camera;
14 Vector3 screenPos;
15 Vector2 pos;
16

17 void Start () {
18 initialPosition1 = soal.transform.position;
19 }
20 // Update is called once per frame
21 void Update () {
22 screenPos = camera.WorldToScreenPoint(Jawab.transform.position);
23 }
24

25 public void Drag()
26 {
27 mj = new MakeJsonLogs();
28 mj.AddRecord("Player is dragging asset", "");
29 RectTransformUtility.ScreenPointToLocalPointInRectangle(myCanvas.

transform as RectTransform , Input.mousePosition , myCanvas.worldCamera ,
out pos);

30 soal.transform.position = myCanvas.transform.TransformPoint(pos);
31 }
32

33 public void Drop()
34 {
35 mj = new MakeJsonLogs();
36 float distance1 = Vector3.Distance (soal.transform.position , Jawab.

transform.position);
37

38 if (distance1 < 10) {
39 soal.transform.position = Jawab.transform.position;
40 benar.Play ();
41 salah.Stop ();
42 mj.AddRecord("Player is dropping asset", "success");
43 } else {
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44 soal.transform.position = initialPosition1;
45 benar.Stop ();
46 salah.Play ();
47 mj.AddRecord("Player is dropping asset", "fail");
48 }
49 }
50 }

Listing A.3: Example of calling MakeJsonLogs for scene with task completion
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B APPENDIX: LIST OF TASKS

Following is the full list of tasks and activities for of GVT usabilities:
• Desktop app

T1 Configure GVT
- You are a serious game developer, wants to validate your game using GVT
- You want to entry the player’s name that ready to test your game using GVT

- You want to locate your game using GVT
A1.1 Modify GVT entries

- Youwrongly input the player’s name and game path, therefore, youwant
to reset the GVT entry columns.

A1.2 Starting GVT
- You want to start GVT

A1.3 Stopping GVT
- You want to start GVT

• Web App
T2 Evaluate Single Analysis page
A2.1 Monitoring single player’s records

- You have only one player ready to test and validate your game
- Use GVT web app to monitor the player’s records

A2.2 Download Monitoring Data table
- You want to download Monitoring Data table for further documentation

A2.3 Analyse single player’s records
- You want to see the more detailed analysis with the time spent value and
time accumulation from the game testing records by GVT

A2.4 Filter and sort Single Analysis Table
- You want to filter and sort the Single Analysis table to show you your
desire table

- You want to sort the table based on the time in ascending order
- You want to sort the table based on the time in descending order
- You want to sort the table based on the scene’s name in ascending order

- You want to sort the table based on the scene’s name in descending order

- You want to sort the table based on the asset’s name in ascending order
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- You want to sort the table based on the asset’s name in descending order

- You want to sort the table based on the events’ name in ascending order

- You want to sort the table based on the events’ name in descending order

- You want to sort the table based on the time spent in ascending order
- You want to sort the table based on the time spent in descending order
- You want to sort the table based on the time accumulation in ascending
order

- You want to sort the table based on the time accumulation in descending
order

- You want to sort the table based on the stress level in ascending order
- You want to sort the table based on the stress level in descending order
- You want to filter the table to only show the records which the task com-
pletion is “success”

- You want to filter the table to only show the records which the task com-
pletion is “fail”

A2.5 Download Single Analysis table
- You want to download a table with the Time Spent and Time Accumu-
lation values

A2.6 Grouping the records based on scene
- You want to see all the records based on their scenes (not the individual
records), so that you can analyse the total time spent in each particular
scene and the average stress level in each scene

A2.7 Download records based on scene
- Youwant to download all the grouping records by their scene, for further
documentation

A2.8 Show the analysis as a Graph
- You want to see the analysis result as a graph
- Youwant to see a line graph that shows the relation between Stress Level
and Scene

- You want to see a bar graph that shows the relation between Stress Level
and Scene

- You want to see a line graph that shows the relation between Total Time
and Scene

- You want to see a bar graph that shows the relation between Total Time
and Scene
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- Youwant to see a line graph that shows the relation between Stress Level
and Total Time

- You want to see a bar graph that shows the relation between Stress Level
and Total Time

A2.9 Read the Glossary for single analysis
- You want to know how GVT done the analysis from the records and
what formula GVT used to calculate and produce the result

T3 Evaluate Multi Analysis page
A3.1 Do Multi Analysis

- After done testing your game with only one player, you now have mul-
tiple players ready to testing your game

- You want to see the final result of your game feasibility from all the
records you gathered from many players.

A3.2 Show the result as a table
- You want to see the result in more detail as a table

A3.3 Download Result Detail table
- You want to download the detailed result table as xls file for further
documentation

A3.4 Show the Result Detail table as a graph
- You want to show the Result Detail table as a graph
- You want to see a line graph that shows the relation between Avg Stress
Level and Scene

- You want to see a bar graph that shows the relation between Avg Stress
Level and Scene

- You want to see a line graph that shows the relation between Avg Total
Time and Scene

- You want to see a bar graph that shows the relation between Avg Total
Time and Scene

- You want to see a line graph that shows the relation between Avg Stress
Level and Total Time

- You want to see a bar graph that shows the relation between Avg Stress
Level and Total Time

A3.5 Compare the multi user’s records in a chart
- You want to see a multi-line graph that shows the relation between Avg
Stress Level and Scene to compare multi user’s records
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- You want to see a multi-bar graph that shows the relation between Avg
Stress Level and Scene to compare multi user’s records

- You want to see a multi-line graph that shows the relation between Avg
Total Time and Scene to compare multi user’s records

- You want to see a multi-bar graph that shows the relation between Avg
Total Time and Scene to compare multi user’s records

A3.6 Read the Glossary for multi analysis
- You want to see the formula to calculate the multi analysis result
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C APPENDIX: QUESTIONNAIRE - LIST OF QUESTIONS

Two questions and one entry suggestion were presented in the GVT desktop app. The ques-
tions are as follows:

• Is the configuration of GVT desktop app manageable?
• Are you satisfied with the GVT desktop app?
• Please give your further comment about GVT desktop app

The list of questions for evaluating GVT web app are as follows:
• Home

- Is the Home manageable?
- Are you satisfied with the Home page?
- Please give your further comment about this page

• Single Analysis
- Is the Single Analysis page manageable?
- Are you satisfied with the Single Analysis page?
- Is Monitoring Data table easy to understand?
- Are you satisfied with the Monitoring Data table?
- Is Single Analysis table easy to understand?
- Is Single Analysis table manageable?
- Are you satisfied with the Single Analysis table?
- Is Analysis Based on Scene table easy to understand?
- Are you satisfied with the Analysis Based on Scene table?
- Is Graph Representative easy to understand?
- Is Graph Representative manageable?
- Are you satisfied with Graph Representative?
- Is the Glossary easy to understand?
- Are you satisfied with the Glossary
- Please give your further comment about this page

• Multi Analysis
- Is the Multi Analysis page manageable?
- Are you satisfied with the Multi Analysis page?
- Is the Assessment Result easy to understand?
- Are you satisfied with the Assessment Result?
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- Is the Result Detail table easy to understand?
- Are you satisfied with the Result Detail table?
- Is the Result Graph Representation easy to understand?
- Is the Result Graph Representation manageable?
- Are you satisfied with the Result Graph representation?
- Is the Detailed Graph Representation - Multi Players easy to understand?
- Is the Detailed Graph Representation - Multi Players manageable?
- Are you satisfied with the Detailed Graph Representation - Multi Players?
- Is the Glossary easy to understand?
- Are you satisfied with the Glossary?
- Please give your further comment about this page

• About
- Is About page easy to understand?
- Are you satisfied with the About page?
- Please give your further comment about this page
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D APPENDIX: GVT SOURCE CODE

The full source code of the GVT can be found in the github repository: GVT

https://github.com/arrriiiniii/GVT
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