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Evaluating the effectiveness of game-based learning for teaching refugee
children Arabic using the integrated LEAGUÊ-GQM approach
Rabail Tahir and Alf Inge Wang

Norwegian University of Science and Technology, Trondheim, Norway

ABSTRACT
Game-based learning (GBL) is widely utilised in various domains and continues to receive interest
and attention from researchers and practitioners alike. However, there is still a lack of empirical
evidence concerning its effectiveness, making GBL evaluation a critical undertaking. This paper
proposes an integrated approach for planning and executing GBL evaluation studies and
presents its application by evaluating the effectiveness of a GBL approach to improve the
Arabic reading skills of migrant refugee children in an informal learning setup. The study
focuses on how children’s age group, learning modality preference, and prior mobile experience
affect their learning, usability, and gameplay performance. A quasi-experiment with a one-
group pretest-posttest design was conducted with 30 children (5–10 years old) from migrant
refugee backgrounds. The results show a statistically significant improvement in their reading
assessment score. The results also outline a clear impact of children’s age groups on their
learning gain, usability score, and total levels played. Moreover, learning modality preference
and prior mobile experience both had a statistically significant effect related to usability and
gameplay performance parameters. However, no effect was found on learning gain. Based on
the findings, some design recommendations are suggested for more inclusive design focusing
on user characteristics.
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1. Introduction

In recent years, educational games have become more
prevalent, and game-based learning (GBL) is now a
well-established and growing research area that receives
substantial attention from researchers and practitioners
(Salah et al. 2016; Backlund and Hendrix 2013; Ariffin
and Sulaiman 2014). Although GBL is considered an
alternative learning tool for education and training
and is widely utilised in various settings and domains
(Prensky 2003), there is still a need for more empirical
studies to prove its effectiveness (Ariffin and Sulaiman
2014; Boyle et al. 2016). Thus, it is essential to evaluate
educational games’ effectiveness before being used in a
real context (Becker 2013).

With the increase in complexity and cost of learning
game design, evaluating them is essential (Becker 2013;
Wouters, Van der Spek, and Van Oostendorp 2009).
Although plenty of resources are available for the design
of educational applications, approaches to guide the
evaluation are not (Becker 2013; Schleyer and Johnson
2003; Kafai, Franke, and Battey 2002). Mohamed and
Jaafar (2010) identified three challenges in educational

game evaluation: evaluation criteria, evaluators, and
the evaluation process. The evaluation criteria are
important as they address the essential elements that
need to be evaluated in the educational game to fulfil
the evaluation goal. According to the literature on
GBL evaluation (Calderón and Ruiz 2015; Tahir and
Wang 2017), educational games are evaluated at differ-
ent development stages and depending on the evalu-
ation goal, different characteristics are assessed by
selecting different criteria. The GBL evaluation litera-
ture also shows that different methods, techniques,
and procedures have been used to evaluate learning
games. However, when assessing the impact of learning
games, the main interest mostly is to determine the edu-
cational effectiveness (learning outcomes), usability,
and the user experience of the game. Most authors
prioritise the evaluation criteria with respect to evalu-
ation goals and verifying that the game has satisfied its
specified objectives (Calderón and Ruiz 2015). Patton
(2008) and other researchers pointed out that there is
no single universal approach for designing an evaluation
study (Diamond, Horn, and Uttal 2016). Therefore, we
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can say that each evaluation study is distinct and unique.
When developing the evaluation plan, it is important to
select the criteria and measures specific to the evaluation
goal to guide the learning game’s assessment. Calderón
and Ruiz (2015) proposed a taxonomy of models useful
for evaluating different quality characteristics. Hence, a
guiding approach for developing an evaluation plan
would be useful for planning and designing an evalu-
ation study, from articulating the purpose/goal to select-
ing evaluation characteristics/criteria and establishing
evaluation questions to specify metrics and analysis
methods to guide the assessment of our learning game
(Diamond, Horn, and Uttal 2016).

Several researchers have highlighted the importance
of GBL in language learning to improve students’ per-
formance and make learning more active, mainly focus-
ing on classroom practice (Godwin-Jones 2014; Ju and
Adam 2018; Sahrir and Yusri 2012). Language learning
becomes even more important for migrants, as it is cru-
cial to learn the language to integrate into a new society
(Lou and Noels 2020). The Syrian crisis (Yazgan, Utku,
and Sirkeci 2015) deprived over 2.25 million Syrian chil-
dren of school education both within Syrian and other
countries. Refugee children have to cope with high
levels of stress and traumas affecting their learning abil-
ity, and little means of education were available for these
children. It is important to teach these children basic lit-
eracy skills in Arabic (Wofford and Tibi 2018) for
further integration into schools, or we might end up
with a whole generation that cannot read or write in
their mother tongue. Since smartphones are commonly
used among migrants to stay connected (Gordano Peile
and Ros Hijar 2016; Ros 2010), this can be a means for
language learning purposes (Gaved and Peasgood 2017;
Castaño-Muñoz, Colucci, and Smidt 2018). In their
research, Bradley et al. (2020) focused on mobile literacy
of Arabic-speaking migrants and the use of mobile tech-
nology to support migrants’ language learning process
and integration in Sweden. Researchers (Sahrir and
Yusri 2012) have highlighted a lack of research regard-
ing instructional and learning support in Arabic. Many
have made an effort to improve this situation by focus-
ing on Arabic language learning games and indicated
positive results concerning GBL effectiveness for stu-
dents’ acquisition of Arabic language skills. However,
here also, the focus has been mostly on classroom teach-
ing (Sahrir and Yusri 2012; Eltahir et al. 2021; Sahrir and
Alias 2012). According to Boyle et al. (2016), investi-
gating informal learning in games can provide impor-
tant insights into game mechanisms that can improve
learning game design.

Moreover, limited educational gaming research has
focused on user characteristics and their influence on

performance outcomes and game experience in GBL
environments (Orvis, Horn, and Belanich 2009). Lear-
ner characteristics affect online learning (Lim and Kim
2003), and the growing use of learning technologies
demands a sound understanding of learner character-
istics that affect learning with technology (Nakayama,
Yamamoto, and Santiago 2007). However, this relation
is less explored in learning games since the greater
focus has been on learning effectiveness and usability
(Calderón and Ruiz 2015; Tahir and Wang 2017).

This paper outlines the simple and effective inte-
grated LEAGUÊ-GQM approach to create an evaluation
plan for assessing learning games’ effectiveness by estab-
lishing the goals, defining questions, and identifying
measures for the evaluation process with the LEAGUÊ
evaluation guide. The main novelty of the presented
approach is its simplicity and the GBL-specific gui-
dance. The proposed approach is applied in practice
for planning and conducting an evaluation study on
the Arabic language learning game Feed the Monster
(FTM). With the backdrop of the Syrian crisis and the
‘EduAppSyria’ initiative project focusing on Arabic
language learning games for Syrian refugee children
(Nordhaug 2019), this user study’s main objective was
to evaluate the effectiveness of the GBL approach for
migrant refugee children to learn Arabic reading skills
in an informal learning environment. The study
employed a quasi-experimental design with 30 children
(5–10 years old) and collected quantitative and qualitat-
ive data to answer five research questions. The research
questions focused on the learning gain using GBL inter-
vention; age-group differences between younger and
older children; the correlation between learning
modality preferences of children and their learning
gain, usability score and gameplay performance; and
the correlation between mobile usage experience of chil-
dren and their learning gain, usability score and game-
play performance, and usability issues faced by children
when playing with the learning game for the first time.
This study used mixed methods including pre/post-
test, questionnaire, interview, game logs, observation
checklist, and notes to analyse the learning gain with
GBL and the effect of user characteristics (age group,
learning modality preferences, and mobile usage experi-
ence) on the learning gain, usability, and game
performance.

The contribution of this paper is two-fold. First, it
proposes an integrated approach (LEAGUÊ-GQM) for
planning a GBL evaluation. Second, it presents impli-
cations and design recommendations for effective learn-
ing game design based on the evaluation study results
on the potential of using game-based language learning
for teaching refugee children Arabic reading skills in an
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informal learning setup. The rest of this paper is organ-
ised as follows: Section 2 presents an overview of the
related work. Section 3 describes the methodology that
includes the proposed integrated LEAGUÊ-GQM
approach for planning GBL evaluation and its appli-
cation to the user study (evaluation of Arabic language
learning game-Feed the Monster) presented in this
article. Section 4 presents the results from the quasi-
experiment concerning five research questions. Section
5 discusses the results, design recommendations, and
limitations of the study. Lastly, Section 6 concludes
the article and gives directions for future research.

2. Related work

This section presents the related work describing the
potential of GBL identified by relevant research studies,
importance of GBL evaluation and challenges in edu-
cational game evaluation. Further it highlights the scar-
city of empirical research concerning the effectiveness of
digital game-based language learning (DGBLL) in gen-
eral and a lack of DGBLL studies in Arabic language
learning. Moreover, this section also underlines the
need for research concerning learner characteristics to
understand the mitigating factors (such as age, gender,
learning styles, prior knowledge etc.) that influences
learning with serious games.

2.1. Game-Based learning effectiveness
evaluation

Game-based learning (GBL) refers to games for edu-
cation and learning purposes (Tang, Hanneghan, and
El Rhalibi 2009). Many researchers have investigated
the potential of learning games, and mixed results are
obtained regarding the evidence about its impact
(Salah et al. 2016). Some research studies found positive
effects, whereas others found no significant effect of
using games for learning (Boyle et al. 2016; Wouters,
Van der Spek, and Van Oostendorp 2009). López-Fer-
nández et al. (2021) based on their research finding
reported that students who used educational games
for learning were more motivated and experienced
fun. Moreover, majority of students prefered GBL
over traditional teaching approach. Similarly, Eltahir
et al. (2021) also found in their study that students
using GBL showed more improved knowledge of con-
cepts and higher motivation compared to students
taught with traditional strategy. Akçelik and Eyüp
(2021) investigated the effects of educational games on
vocabulary knowledge and found that students enjoyed
learning vocabulary with games and learned more
easily. Although many researchers have reported that

games can increase motivation and interest, there is
still a need for more empirical studies to assess the edu-
cational effectiveness of learning games as most of the
studies base their claims on subjective judgment and
personal encounters (Ariffin and Sulaiman 2014).
According to the systematic review conducted by Kalo-
giannakis, Papadakis, and Zourmpakis (2021) digital
technologies such as gamification has the potential to
heavily influence the learning process. However, the
review outlined that mostly small longitudinal studies
revealing mixed results have been conducted highlight-
ing the need for more research exploring long-term
effects to clarify the impact of such technology on edu-
cation. Boyle et al. (2016) reported an increase in the
empirical evidence concerning positive outcomes of
playing games. However, they suggested that detailed
experimental studies are crucial for future research to
systematically explore the game features most effective
in supporting learning. Behnamnia et al. (2020) investi-
gated whether digital game-based learning application
can improve creativity skills in preschool children.
The study focused on the components of creativity
and learning levels when using Digital Game-Based
Learning (DGBL) for children under the age of six
and found that DGBL can potentially affect young chil-
dren’s’ ability to develop creative skills, knowledge
transfer, critical thinking, acquisition of digital experi-
ence skills and a positive attitude for deep and insightful
learning. According to Bellotti et al. (2013), educational
games must be able to show that necessary learning has
occurred like any other education tool. Therefore, to
affirm their impact, it is crucial to systematically evalu-
ate them (Marciano, de Miranda, and deMiranda 2014).
Moreover, the costly and time-consuming development
of educational games demands for continued assess-
ment of their efficacy and a need to identify principal
criteria (De Freitas and Oliver 2006; De Freitas and Liar-
okapis 2011). The diverse GBL characteristics make its
evaluation a difficult task (Djelil et al. 2014). Mohamed
and Jaafar (2010) identified that establishing evaluation
criteria and process are the main challenges in edu-
cational game evaluation. Although different aspects
important for GBL have been highlighted by previous
research, an overreaching approach is required to
guide evaluation and design iterations (De Freitas and
Liarokapis 2011; Van Staalduinen and De Freitas 2011;
Oprins et al. 2015). Depending on the evaluation goal,
educational games are evaluated at different develop-
ment stages, and different criteria are selected for asses-
sing different characteristics (Calderón and Ruiz 2015;
Tahir and Wang 2017). Patton (2008) and other
researchers pointed out that there is no single approach
for designing an evaluation study (Diamond, Horn, and
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Uttal 2016). However, All, Castellar, and Van Looy
(2021) evaluated the feasibility of previously defined
best practices for assessing DGBL effectiveness and
focused on research design components providing
insights into feasible experimental designs to further
guide design of DGBL effectiveness studies. Dondi and
Moretti (2007) pointed out that identifying criteria is a
time-consuming and complex process, and not many
approaches are available to guide the evaluating process
of learning games (Becker 2011). Ak (2012) emphasised
the need to define critical aspects of educational games
that make them effective. These aspects could serve as
evaluation criteria and guide the evaluation process.
Calderón and Ruiz (2015) proposed that having a taxon-
omy of models could be helpful for evaluating different
quality characteristics. Moreover, according to Zourm-
pakis and Kalogiannakis (Zourmpakis, Papadakis, and
Kalogiannakis 2022), teachers play a key role to under-
stand the individual needs of students and provide them
with proper learning material and evaluate the complete
learning process. Therefore, it is also important to
explore how teachers design and integrate gamified
environments into education and teaching.

2.2. Educational games in language learning,
refugee context and arabic language

The use of learning games for language acquisition is
not new, and many researchers have focused on digital
games for language and second language learning
(Hung et al. 2018; Poole and Clarke-Midura 2020;
McKiddy 2020). Most studies have investigated the fol-
lowing categories of language acquisition using games:
alphabets, listening, reading, speaking, writing, vocabu-
lary, grammar, pronunciation, and mixed or integrated
skills, focusing mainly on formal education (Hung et al.
2018; Kocaman and Cumaoglu 2014; Neville, Shelton,
and McInnis 2009; Jalali and Dousti 2012; Chen and
Yang 2013). Despite the increase in the emerging litera-
ture on digital GBL and its educational value, empirical
evidence is scarce concerning its effectiveness in
language education (Godwin-Jones 2014). Chen and
Yang (2013) investigated the effects of using an adven-
ture game for college students’ foreign language learn-
ing. They found no significant difference in the
vocabulary score of the two groups. However, the stu-
dents perceived the game to be helpful in improving
their motivation and language skills. Jalali and Dousti
(2012) explored the impact of educational games on
grammar and vocabulary gain of elementary students
and found no significant differences between the two
groups (experimental and control).

The devastating impact of the Syrian conflict on refu-
gee children and their education led researchers to focus
on literacy education interventions for serving Syrian
refugee children (Wofford and Tibi 2018; Al Janaideh
et al. 2020). A review study juxtaposing refugee needs
with mobile learning apps characteristics found that
mobile learning is beneficial for refugees (Drolia et al.
2020). The study concluded that mobile learning pro-
vides access to education and also improves the quality
of education provided to refugees. Drolia et al. (2022)
highlighted in their study that mobile learning research
focusing on social groups such as refugees, learner with
disabilities or learning difficulties is very limited. The
review study focused on existing mobile learning appli-
cations for refugees and their characteristics, and the
most important characteristics included refugees’ cultural
features and interwoven psychological and educational
features. Many researchers have focused on language
learning tools for refugees and identifying the language
learning needs (Castaño-Muñoz, Colucci, and Smidt
2018; Abou-Khalil et al. 2019). Akçelik and Eyüp
(2021) found that educational games are effective for
teaching vocabulary and improved refugee students’
Turkish vocabulary knowledge. According to Hung
et al. (2018), English as a second language is most tar-
geted in digital game-based language learning (DGBLL)
literature, whereas other languages like Arabic are lack-
ing. Although the research has highlighted the need for
Arabic language and literacy skills for the academic
achievement of refugee students (Baddour 2020), very
few DGBLL initiatives focus on Arabic literacy skills
(Czauderna and Guardiola 2019). Azizt and Subiyanto
(2018) investigated the effects of digital GBL on high
school students’ Arabic reading skills. They found it use-
ful to increase students’ academic performance (exper-
imental group scored significantly higher) in Arabic
learning. Kenali et al. (2019) investigated the impact of
using smartphone language games on Arabic speaking
skills in non-native speakers by conducting an exper-
iment with university students. The findings showed a
significant positive effect on the speaking skill of students.
Sahrir and Alias (2012) found a positive perception of
learning Arabic using online games among university
students. Moreover, Putri et al. (2021) in their study
reported that educational games are effective in increas-
ing Arabic vocabulary in the higher education by increas-
ing learning motivation and making it easier for students
to understand the content. Eltahir et al. (2021) also inves-
tigated the impact of GBL on an Arabic language gram-
mar course in higher education and found that students
using GBL showed more improved knowledge of Arabic
grammar concepts and higher motivation compared to
students taught with traditional strategy. According to a
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review by Murtadho (2021), there is increased interest in
digital tools among Arabic language educators. However,
its availability and usage are still limited in Arabic class-
rooms and require more successful management, acqui-
sition and use.

Moreover, as highlighted by Masrop et al. (2019),
there is a lack of DGBLL studies in Arabic language
learning, and only a few Arabic learning games are dedi-
cated to children. According to bin Zainuddin et al.
(2021) digital game-based language learning appli-
cations for Arabic Language are much needed for pri-
mary school children to improve their Arabic
language proficiency. Ali Ramsi (2015) analysed the
Arabic learning games for children and found that
they are generally simplistic, revolve around the same
trivial idea, lack a systematic design process, and do
not have quality animation, colours, graphics, and
voice-over. Similar results were reported by Masrop
et al. (2019) from their analysis of existing games. In
addition, they found that Arabic language learning
games are mostly limited to alphabet content and lack
engaging features in the game. The majority of studies
in DGBLL focused on higher education/university stu-
dents, and only a few studies have explored the individ-
ual differences of learners and how it affects their
learning and content knowledge (Hung et al. 2018).
The younger age-groups, informal learning setups,
and learner characteristics are less explored areas and
need attention.

2.3. Learner characteristics

Previous research indicates that all students do not per-
form equally in technology-enhanced learning environ-
ments due to factors related to learner characteristics
(such as learning styles, prior knowledge) or/and the
learning environment itself that influences student suc-
cess (Terrell and Dringus 2000; Birch and Bloom 2002;
Wojciechowski and Palmer 2005). With the growing use
of learning technologies, there is an increased demand
for research concerning learner characteristics
(Nakayama, Yamamoto, and Santiago 2007; Wojcie-
chowski and Palmer 2005). The review on serious
game research byWouters, Van der Spek, and Van Oos-
tendorp (2009) identified the lack of understanding of
mitigating factors (such as age, gender) that affect learn-
ing with serious games. Nakayama, Yamamoto, and
Santiago (2007) emphasised the need to better under-
stand learner characteristics that influence learning
and an effective design that customises the learning
activities to serve individual characteristics and learning
needs of different users. Bontchev and Paunova
(Bontchev, Terzieva, and Paunova-Hubenova 2021)

focused on principles for personalisation of gameplay
and learning content in serious games based on player
and learner-related aspects of the student’s profile.
The research findings highlighted the importance of
characteristics such as student’s age, goals, level of
knowledge, and learning style to be included in the stu-
dent model for personalisation of learning content in
serious games for learning. Belay, McCrickard, and
Besufekad (2016) emphasised the need to consider par-
ameters such as technology exposure, computing lit-
eracy, and level of help required for user classification
and cater to these differences in the design. Ariffin
(2013) found that none of the 16 identified game evalu-
ation frameworks concentrated on learner background
(such as culture, spoken language, and ethnicity). How-
ever, Kanwar et al. (Jossan, Gauthier, and Jenkinson
2021) investigated the impact of culture (cultural inte-
gration and cultural associations) on students’ views
and acceptability of GBL while adjusting for exposure
to video gaming and gender. The study found differ-
ences between individuals associating with different cul-
tural groups providing insights into cultural
considerations for GBL design and evaluation for inter-
national populations. The study suggested that culture
should be assessed more broadly as culturally aware
design of GBL can further support learning. Moreover,
Osman and Bakar (2012) also stressed that factors
related to learners’ background should be included in
the educational game design model. It helps to provide
effective learning experiences and further refine the
game design.

The learner characteristics researchers focus most on
are gender, prior experience, age, background, and
learning style (Nakayama, Yamamoto, and Santiago
2007; Chen and Huang 2013). Sundqvist and Sylvén
(2014) explored the English language-related activities
and digital game playing of learners outside of school
and found significant gender differences in gaming
habits between girls and boys, the latter being more fre-
quent gamers. Sundqvist and Wikström (2015) investi-
gated the relationship between the students’ English
learning performance in school and the frequency of
out-of-school gameplay. The results indicated that, par-
ticularly for male students, the English learning
measures are correlated with their gameplay experience.
Similar results were found by Erfani et al. (2010). In
addition to gender, they also found a significant influ-
ence of age on performance. Chen and Huang (2013)
demonstrated that prior knowledge (prior digital
games experience and digital games playing frequency)
has positive effects on GBL but only for the context of
declarative knowledge. On the contrary, results from
(Kim and Chang 2010) showed that individual
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differences in computer experience, prior mathematics
knowledge, and English language skills had no signifi-
cant effect on students’ achievement when using a com-
puter game. Ariffin and Sulaiman (2014) investigated
the effectiveness of GBL in higher education, focusing
on learner’s background (culture, ethnicity, and
language) and GBL environment. They found a strong
correlation between learners’ background and learners’
motivation and between the learner’s motivation and
learner’s performance. The research proposed that the
learner’s background parameters affect the learner’s
learning performance and should be integrated within
the GBL environment. Numerous research studies
focus on students’ learning modality preferences and
how they affect learning (Alkhasawneh et al. 2008;
Aslaksen et al. 2020). Although many research studies
show that modality does not affect learning, some
researchers think that different media may afford differ-
ent instructional methods. Therefore, different instruc-
tional media’s distinctive characteristics and functional
capabilities might be relevant to the learning process,
which determines their effectiveness (Moreno 2006;
Rummer et al. 2011). Moreover, based on the results
from studies focusing on learning style, many research-
ers advocate the notion of multimodal learning (Aslak-
sen et al. 2020).

3. Materials and methods

This section presents the methodology adopted for this
research study. To define the study dimensions and
develop a GBL evaluation plan, the authors propose
an integrated approach as a guide for planning a GBL
evaluation. The approach is inspired by the LEAGUÊ
(Learning, Environment, Affective–cognitive reactions,
Game factors, Usability, UsEr) framework (Tahir and
Wang 2020) and the GQM (Goal Question Metric)
model (Caldiera and Rombach 1994). The LEAGUÊ-
GQM approach is used to identify and select the GBL
evaluation criteria with respect to evaluation purposes
to verify the specified objectives of a learning game. In
this way, the approach guides the researchers and prac-
titioners interested in evaluating learning games in
different domains. Calderón and Ruiz (2015). The
next sections describe the approach and its application
in a user study to develop an evaluation plan and
demonstrate its use.

3.1. Integrated LEAGUÊ-GQM approach for GBL
evaluation

The proposed approach facilitates the GBL evaluation
process by providing GBL-specific evaluation criteria

on three levels to create a strategy and plan for evaluat-
ing learning games. The proposed integrated LEAGUÊ-
GQM approach is made up of two parts (Table 1) and
provides a LEAGUÊ-GQM evaluation guide (Table 2)
for guiding the steps in the approach. The two parts
are as follows:

(1) P1) Define the evaluation type and data based on
GBL development stage and rationale behind the
evaluation

(2) P2) Develop a LEAGUE tree and evaluation plan
using a three-step parallel process based on the
LEAGUÊ-GQM evaluation guide.

Educational games are evaluated at different develop-
ment stages with different purposes/rationale (Calderón
and Ruiz 2015; Tahir and Wang 2017). The type of GBL
evaluation is linked with the educational game

Table 1. Integrated LEAGUÊ-GQM approach.
P1: Define evaluation type and data based on GBL development stage
and evaluation rational

Evaluation Type Evaluation Data

Pre-prototype evaluation (pre-production
phase: evaluating learning game idea)

Qualitative

Formative evaluation (production phase:
evaluating learning game prototype or
versions)

Quantitative

Summative evaluation (post-production
phase: evaluating developed or launched
learning game)

Qualitative and Quantitative

P2: Develop a LEAGUE tree and evaluation plan with the three-step
parallel process using the LEAGUÊ-GQM evaluation guide

1) Conceptual
Level (objects/
goals)

2) Operational
Level (assessment/
questions)

3) MeasurementLevel
(subjective-objective/
measures)

Plan evaluation goal
choosing
dimensions with
LEAGUÊ evaluation
guide.

Plan evaluation
questions choosing
factors/sub-factors,
relations, and select
data sources with
LEAGUÊ evaluation
guide.

Plan evaluation measures
using metric types and
select analysis methods
with LEAGUÊ evaluation
guide.

Integrated process
of selecting
LEAGUÊ
dimensions to
identify, define
and finalise the
GBL evaluation
goal(s)

Integrated process of
picking and
choosing LEAGUÊ
factors/subfactors
and relations (if
targeted) to
identify and
formulate GBL
evaluation
questions/
hypotheses and
define data sources
that outline the
goal completely
and quantifiably

Integrated process of
selecting LEAGUÊ metric
types (based on required
subjective or objective
data) to identify and
define the specific
measure(s) and analysis
method(s) that need to be
collected and analysed to
answer the questions and
track the goal

LEAGUÊ tree (chosen LEAGUÊ components (dimensions, factors, relations,
metric types) for specific GBL evaluation).

Final Evaluation Plan (finalised evaluation goal, questions, data sources,
measures, and analysis methods).
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Table 2. LEAGUÊ-GQM evaluation guide.
Conceptual level
(objects/goals)

Operational level
(assessment/questions)

Measurement level
(subjective objective/ measures)

Plan evaluation
goal choosing
dimensions

Plan evaluation questions choosing factors/sub-factors, relations, and select data sources Plan evaluation measures and select
analysis methods choosing metric

types

Dimensions Factors Sub-factors Relations Metrics types

Learning Learning
Objectives

Prior knowledge, learning, and retention,
Potential transfer

Learning & Game Factors Objective:

Learning
Strategies

Learning style, learning theory or model,
learning task/activity

Game Factors & ACR Scores

Learning
Content

Educational material, instructional support,
difficulty levels

ACR & Learning
(integration of
gameplay and
learning) & ACR

Time

Learning
Outcome

Knowledge/skills/attitudes enhancement
competencies, performance

Usability & (Learning,
Game factors, ACR)

Number of occurrences
Rating
Subjective:
Reviews/ responses/ opinions

Game Factors Game
Definition

Game goals, Game Rules, Game tasks Usability & Environment Analysis Methods

Game Narrative Player Characters, storyline, fantasy/fiction Usability & User Qualitative analysis methods:
Game
Mechanics

Game Interactions, Game Controls User & Environment Measures of central tendency (mean,
median, quartile, mode)

Game
Resources

Game tutorial and Help, Rewards & resources,
Game Customisability

User & (Learning, Game
factors, ACR)

Measures of dispersion (standard
deviation, range)

Game
Aesthetics

Multimedia elements, Game visualisation Environment &
(Learning, Game
factors, ACR)

Measures of dependency (Pearson
correlation coefficient, Spearman
rho)

Game Play Challenge, Strategy, Pace & adequate levels,
Game feedback

Graphical visualisation (histograms,
frequency diagrams, line charts, box
plots, scatter plots, pie charts)

Hypothesis testing (t-test, Mann-
Whitney, F-test, Z-test, Wilcoxon
matched-pairs test, ANOVA, Kruskal-
Wallis, ANCOVA)

Affective-Cognitive
Reactions (ACR)

Enjoyment Immersion, social interaction, Challenge, Goal
clarity, Feedback, Concentration, Control,
Knowledge improvement

Data sources Qualitative analysis methods
Content analysis
Grounded theory approach

Engagement Immersion, Control, Challenge, Purpose, Interest Questionnaires
Motivation Attention, Relevance, Confidence, (learner)

Satisfaction
Observation with
checklist

Flow Challenge, Clear goals, Feedback, Playability,
control, Rewarding experience,
Concentration, Loss of self-consciousness,
Time distortion

Observation or field
notes

Interviews
Pre/post-test
Screen recording
Game-logs
Expert evaluation
Video recording
Challenges, tasks, or
exercises

Learner diaries/reports
Usability Interface Feedback (interface), Metaphor and Objects,

User control and settings, Consistency, Error
presentation, Navigation, Adaptivity and
Accessibility, Screen design, help, and support

Learnability
Satisfaction

User Learner Profile Biodemographic, Experience, Personality
(preferences, styles)

Cognitive
Needs

Cognitive stage (Piaget’s theory), Cognitive load
(Mental effort)

Psychological
Needs

Psychosocial Stage (Erikson’s Theory),
Psychosocial Well Being

Environment Technical
Aspects

Technology type, Technology related issues,
Meet technical requirements and
specifications

Context Place, Settings
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development stages and rationale behind the evaluation
(Steiner et al. 2015; Connolly, Stansfield, and Hainey
2009; Zaibon and Shiratuddin 2010). Likewise, when
designing an evaluation study, it is important to select
the criteria and measures in line with the evaluation
rationale, type, and data to guide the learning game’s
evaluation process (Calderón and Ruiz 2015) as there
is no single approach for designing an evaluation
study (Patton 2008; Diamond, Horn, and Uttal 2016).
Each evaluation study is distinct, as highlighted by
Dondi and Moretti (2007) and identifying criteria for
GBL evaluation is a time-consuming and complex pro-
cess. Hence, a guiding approach like LEAGUÊ-GQM
outlines the important criteria in three levels that can
guide planning and designing an evaluation strategy
from articulating the goal, formulating questions and
deciding data sources, and specifying measures and
analysis methods. The process is useful for creating a
GBL evaluation strategy and plan to guide the evalu-
ation of learning games for both the analytical (single
aspect) and global (holistic) evaluation process depend-
ing on the required evaluation type. The LEAGUÊ fra-
mework (Tahir and Wang 2020) serves as a GBL
theoretical foundation in the proposed approach, pro-
viding core GBL components (Tahir and Wang 2020).
It presents the GBL criteria listing six dimensions,
twenty-two factors, seventy-four sub-factors, ten
relations, and five metric types that are incorporated
in the LEAGUÊ-GQM evaluation guide (see Table 2)
for developing a LEAGUÊ tree. The LEAGUÊ tree pro-
vides the structure for the evaluation plan listing the
selected GBL evaluation criteria. GQM, on the other
hand, provides three measurement levels (conceptual,
operational, and measurement) for defining the evalu-
ation plan. Moreover, the evaluation guide also presents
data sources (adopted from Petri and von Wangenheim
2017; Tahir and Wang 2019) and analysis methods
(adapted from Petri and von Wangenheim 2017) for
guiding the steps in the LEAGUÊ-GQM approach.
The complete approach is presented in Table 1, and
the evaluation guide is presented in Table 2.

In the first part (P1), the type of evaluation (Steiner
et al. 2015) (pre-prototype, formative, summative) and
the kind of data that will be collected (Petri and von
Wangenheim 2017) (qualitative, quantitative, both)
are determined depending on the learning game’s devel-
opment stage (Zaibon and Shiratuddin 2010) and evalu-
ation rationale (the purpose behind the GBL evaluation)
(Steiner et al. 2015; Connolly, Stansfield, and Hainey
2009). Three main types of evaluations can be con-
ducted over the GBL development life-cycle, and identi-
fying the type can help make better decisions by
providing the right kind of data at the right time

(Aslan and Balci 2015; Faizan et al. 2019). Pre-prototype
evaluation is conducted before the development stage
begins for the purpose to incorporate and assess design
ideas (for example, through participatory design
Danielsson and Wiberg [2006] or user acceptance test-
ing of pre-prototype Davis and Venkatesh [2004]) and
to collect benchmark data for subsequent comparative
analyses concerning the impact on game project outputs
(Steiner et al. 2015). Formative evaluation is conducted
during the development process for the purpose of high-
lighting any weaknesses or ambiguity in the learning
game prototype or different versions (Steiner et al.
2015; Connolly, Stansfield, and Hainey 2009). Summa-
tive evaluation is conducted at the end of the game
development process or after the game has been
launched for the purpose of evaluating the potential of
the end-product (Steiner et al. 2015; Connolly, Stan-
sfield, and Hainey 2009).

In the second part (P2), a three-step parallel process
is used to incrementally develop a LEAGUÊ tree and
an evaluation plan, using the elements from the LEA-
GUÊ-GQM evaluation guide (see Table 2) and follow-
ing the GQM levels, as described in Table 1. The
evaluation guide for the integrated LEAGUÊ-GQM
approach (presented in Table 2) specifies the GBL
evaluation criteria of the three GQM levels, and eva-
luators can pick and choose components for each
step. Depending on what is to be evaluated, dimen-
sion, factors/subfactors, relations, data sources, metric
types, and analysis methods can be selected for pre-
prototype evaluation to verify the idea, formative
evaluation to identify issues to inform design changes,
and summative evaluation for determining the effec-
tiveness of the developed game. The three steps of
the approach correspond to one of the three levels of
GQM: conceptual, operational, and measurement.
There are two simultaneous activities at each level:
development of the LEAGUÊ tree and development
of the evaluation plan. The development of the LEA-
GUÊ tree is done by selecting relevant dimensions,
factors/sub-factors, relations, and metrics types from
the evaluation guide for the specific evaluation study.
The development of the evaluation plan is carried
out by elaborating on the LEAGUÊ tree elements in
each step (which act as a guide) for establishing the
goal, questions, data sources, specific measures, and
analysis methods.

The first step is related to the conceptual level in
which the preliminary evaluation purpose is defined,
selecting dimensions in the LEAGUÊ-GQM evaluation
guide to outline the study dimensions into the
final evaluation goal. The second step is the
operational level in which this goal is broken down
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using factors/ sub-factors and defined using relations (if
required) in the evaluation guide for formulating quan-
tifiable and assessable questions to assess the goal. The
data source(s) for collecting the required data for evalu-
ation is also specified at this level using the evaluation
guide. The third and final step is the measurement
level, where for each question, measures and analysis
methods are defined by selecting metric types from
the evaluation guide. Each metric type is elaborated
with specific measures based on the selected data
sources. The specific evaluation measures are easy to
define considering the selected data sources and metric
types. For example, the specific measures for metric type
‘score’ can be easily defined based on the selected data
sources ‘pre/post-test’ and ‘usability checklist’ as pre/
post-test score, usability checklist score (illustrated in
the user study, see Table 3). Since the metric types are
categorised into objective and subjective, it directs to
select relevant analysis methods. The data analysis
methods can be selected from the evaluation guide
based on qualitative or quantitative data to provide

information, answer the formulated questions, and
accomplish the goals set in the previous steps. At this
point, the evaluation guide incorporates only two quali-
tative analysis methods based on our experience in GBL
evaluation. However, it would be helpful to incorporate
a list of different qualitative methods used for GBL
evaluations in the LEAGUÊ-GQM guide in the future.

3.2. User study: evaluating a language learning
game using integrated LEAGUÊ-GQM approach

This section illustrates how the integrated LEAGUÊ-
GQM approach was used to develop an evaluation
plan for the user study on evaluating the potential of
the Feed the Monster (FTM) GBL application for read-
ing skills of migrant refugee children.

3.2.1. Feed the monster: Arabic language learning
game
Feed the Monster (FTM) is an Arabic language learning
game developed as part of the EduApp4Syria project for

Table 3. User study: FTM.
Summative evaluation of FTM using quantitative and qualitative data

1) Conceptual level
(objects/goals)

2) Operational level
(assessment/questions)

3) Measurement level
(subjective objective/ measures)

Evaluation goal for this study Evaluation questions and data sources for this study Evaluation measures and analysis methods for this
study

Chosen Dimensions: Learning, Game factors,
Usability, and User

Chosen Factors/ Subfactors: Learning Outcome,
Game Play, Interface (Feedback (interface),
Metaphor and Objects, User control, and settings,
Consistency, Error presentation, Navigation,
Screen design, Help and support), Learnability,
Satisfaction, Learner Profile (Bio-demographics,
Experience, preferences)

Chosen relation: User & (Learning, Game factors,
Usability)

Chosen Metrics: Scores, Time, Number of
occurrences, rating, Reviews/responses/
opinions

Final Evaluation Goal: The purpose of this study
is to evaluate the effect of using GBL for Arabic
reading skills with respect to learning, game
factors, usability, and user characteristics from
the point of view of migrant refugee children in
the context of informal learning set up

Final Evaluation Questions:
RQ1: What are the learning outcomes of GBL for
Arabic reading skills of migrant refugee children
in an informal learning setup?

RQ2: What are the differences between younger
and older children’s learning outcome, usability,
and gameplay performance using GBL for Arabic
reading skills in an informal learning setup?

RQ3: How is the learning modality preference of
migrant refugee children related to their learning
outcome, usability, and gameplay performance
using GBL for Arabic reading skills in an informal
learning setup?

RQ4: How is the mobile usage experience of
migrant refugee children related to their learning
outcome, usability (learnability), and gameplay
performance using GBL for Arabic reading skills in
an informal learning setup?

RQ5: What are the usability issues faced by migrant
refugee children when playing with the language
learning game for Arabic reading skills?

Data sources: Pre/Post Test (EGRA), game log data,
observation checklist for usability, observation
notes and follow-up interview, demographic
questionnaire and learning modality preference
questionnaire (VARK)

Final Evaluation Measures:
Score: Pre/post-test score, score in a play session,
usability checklist score, VARK score.

Time: Time played.
Number of occurrences: Number of levels
completed, number of wrong answers, number
of sessions played, age group.

Rating: rating for mobile usage experience, years
of mobile use, frequency of mobile use,
dependency in mobile usage, time spent on
mobile.

Reviews/responses/opinions: interview responses
and observation reviews.

Analysis method:
Quantitative analysis: Wilcoxon Matched Pairs
Test (RQ1), Mann-Whitney test (RQ2), Spearman
correlation (RQ3&4) and, Qualitative analysis:
grounded theory approach (RQ5)
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refugee children to improve their literacy skills in Ara-
bic. FTM is about helping the kind monsters grow
and prosper by feeding them letters, words, and sen-
tences. The storyline illustrates a world where an evil
character ‘Harboot’ destroys and conquers the land of
the friendly monsters who are sent to exile, and he
cast a magic spell that turned these friendly monsters
into eggs. The player needs to feed these eggs with Ara-
bic letters, syllables, and words in each game level to
help them grow and evolve. The storyline was designed
to mirror the experience of refugee kids to nurture hope
and harness their native language acquisition. The
‘friendly monsters’ are used as the game characters to
cope with one’s fears. In the game, the players act as
the Monsters’ main caregivers, helping them grow and
manage their emotions. The players can unlock new
monster friends’ with in-game progress.

The main game mechanism is feeding the Monster
with the correct answer (letters, syllables, words)
based on the level activity. The game divides the Arabic
alphabets into small clusters (letter grouping) of five to
six alphabets. Each cluster introduces four or five visu-
ally distinct letters and one vowel. Every cluster starts
with letters (shape and sounds); then players practice
vowels variation (shape and sounds); letter in a syllable
segment (written form and sound); letter sequence
within a word; lastly, words (made of letters already
learned in the cluster) and its sound. The small clusters
make learning Arabic easy and practical for children
because they start learning full words just after the
first 5–6 letters, making it fun and engaging. In each
task/activity, the player must feed the Monster the cor-
rect letter, vowel variation, syllable segment, or letter
sequence in the correct spelling order, either based on
matching the letter to a copy of the letter or matching
the letter to its sound. Each cluster takes 15–20 min to
complete, and then the player moves to the next cluster
(letter grouping). The player can earn one to three stars
in each level depending on performance (the number of
correct answers and time taken to answer). Correct
answers make the Monster happy. Players earn scores
in each level, and periodically the Monster grows bigger.
Incorrect answers make the Monster sad, but the child
can pet the Monster to make it happy. Instructive feed-
back is provided by the Monster spitting out the incor-
rect answer. There are also three mini-games of drawing
letters, a memory game, or collecting gifts.

This GBL application is designed for out of school
children as a supplementary resource to play at home
with minimum adult supervision. The GBL design
aimed to provide effective literacy learning opportu-
nities to Arabic-speaking refugee children to improve
their literacy skills and psychosocial well-being.

Therefore, the game elements used in this GBL appli-
cation focused on three pillars: ease of use and engaging
game experience, Arabic reading acquisition and
improvement in psychosocial well-being. The game
design uses an intriguing storyline and character of
friendly monster to engage children by providing a jour-
ney of friendship and discovery. Keeping refugee chil-
dren in mind the game’s storyline presents a fantasy
world designed to nourish hope. The character of mon-
ster and simple interactions such as feeding are used to
build association with children while keeping the game
easy to use.

3.2.2. Evaluation plan using the leaguê-GQM
approach
We started by defining the evaluation type and data and
planned to conduct a summative evaluation of the final
released version of the FTM game with target users
using quantitative and qualitative data to test the
hypothesis and explore user behaviour and experience
in-depth. Next, we used the integrated LEAGUÊ-
GQM evaluation guide and followed the three-step par-
allel process to develop the LEAGUÊ Tree and evalu-
ation plan. Table 3 presents the complete evaluation
plan.

The rationale of this evaluation related to the
Eduapp4syria project (Nordhaug 2019), was to evaluate
the effectiveness of GBL approach (the FTM game) for
teaching Arabic skills to refugee children in informal
learning setup and without the need of parents’ help.
The dimensions in LEAGUÊ evaluation guide directed
us to choose learning, game factors, usability and user
characteristics that matched with initial rationale and
defined our evaluation goal. Further, the LEAGUÊ
evaluation guide made is easier to formulate assessment
plan by outlining the factors, relations and metric types
that were relevant for our selected dimensions and
motivated by the employed game. Each level is elabo-
rated below.

For the conceptual level, the dimensions learning,
game factors, usability, and user were selected from
the LEAGUÊ evaluation guide, which helped define
the evaluation goal using the GQM template as shown
in Table 3. For the operational level, the factors/subfac-
tors selected from the evaluation guide are listed in
Table 3. Besides, we also targeted the relation: User &
(Learning, Game factors, Usability) to formulate five
evaluation questions (see Table 3). The data sources
for collecting the relevant data were selected keeping
in mind the selected factors/subfactors: Pre/Post Test
for obtaining children’s’ learning gain (learning out-
come) with the game; game log data for recording game-
play performance; observation checklist, observation
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notes and short interview for collecting data related to
the usability (interface, learnability, satisfaction); demo-
graphic questionnaire for collecting the bio-demo-
graphics and experience data, and learning modality
preference questionnaire (VARK) for recording chil-
dren preferences related to learner profile. Finally, for
the measurement level, we selected four metric types
from the evaluation guide: Scores, Time, Number of
occurrences, and Reviews/responses/opinions focusing
on both objective and subjective data. Each metric
type was used to identify the specific measures for the
defined data sources (from the previous step), as
shown in Table 3. Finally, four analysis methods (quan-
titative and qualitative) were selected to answer the for-
mulated questions.

3.2.3. Sampling
During Spring 2018, 30 children aged 5–10 years old
from refugee migrant background, who speak Arabic
but did not have reading or writing skills in Arabic, par-
ticipated in our study. All participants had no previous
experience with the FTM game. These participants were
selected because FTM is an Arabic language learning
game specifically designed for refugee children to
improve their literacy skills in Arabic. Therefore, it
was important that participants did not have Arabic lit-
eracy skills or previous experience with this game to get
accurate results for effectiveness of GBL. The sample
comprised 14 girls (mean age: 7.14, SD: 1.875) and 16
boys (mean age: 7.125, SD: 1.746).

In this study, the participants were recruited and
contacted through teachers of the weekend class at Mus-
lim Society Trondheim (MST). The study was organised
in nine sessions over one month with migrant refugee
children selected through this weekend class program
at MST, Norway. The weekend program is an initiative
organised at MST, a non-profit, religious, and cultural
organisation in Trondheim, Norway. The sessions
took place before the weekend class program, and 3–5
children participated in each session. A translator was
also present in each session. The study was conducted
in two rooms assigned by an MST representative.

3.2.3.1. Ethical issues in research with refugee children.
Some of the ethical issues when researching with refugee
children included gaining access, privacy, language
barrier and consent as participants are mostly reached
thought trusted NGOs qualification programs or, reli-
gious societies. The details are presented in our previous
study (Tahir and Wang 2019). Petousi and Sifaki (2020)
highlighted in their research the need for building trust
and confidence. Therefore, the research study was
thoroughly explained to the MST representatives and

teachers at weekend school to gain their trust before
obtaining informed consent from children and parents.
Later, the researcher contacted the participants’ parents
to obtain consent from the legal guardian for the data
collection. The researcher also affirmed the child’s con-
sent to participate in the study.

The study had been notified to the Data Protection
Official for Research, Norwegian Centre for Research
Data (NSD) and ethical approval was obtained. The
parents were required to give consent on behalf of
their children if they are willing to let their children par-
ticipate in the research, and they could request to see the
observation checklist/pre/post questionnaire and inter-
view guide. The parents were asked to sign the written
informed consent form. The consent form provided
the background and purpose of research along with
the information to enable parents to understand what
participation in the project implies and voluntarily
decide whether to give permission to participate. If
parents agree, assent was orally obtained from the
child. The researcher explained the research activity
and asked if they wish to participate, and the child
decided whether the research (as he/ she understands
it) is an activity in which he or she wanted to participate.
In case the child said no, they were free to withdraw
from the research. However, as the research involved
young children and their decisional capacities may
fluctuate, researcher came back to a child who said
‘no’ after some time to see whether he/she may feel
differently later. The participation in the research was
voluntary and they could withdraw their consent at
any time without giving any reason and their data will
be removed. Moreover, there were no negative conse-
quences if they chose not to participate or later decided
to withdraw. They were also informed that all infor-
mation will be anonymised. The personal data will be
processed confidentially and in accordance with data
protection legislation. The personally identifiable infor-
mation will be removed, re-written or categorised and
participants will not be recognisable in the publication.

3.2.4. Study design
A quasi-experiment with a one-group pre–post-test
design was used for this study. The experiment was
designed to be one-week-long and comprised two
parts: a playtest session (40–55 min duration) and
one-week play at home. Children and their parents
were invited to MST (for the playtest session and
instructions for playing at home). Two rooms were
specified for this study, where children played the
FTM game using smartphones provided by the
researchers. The children’s demographic and learning
modality preferences data were collected from parents
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using questionnaires. Children played the game indivi-
dually with one or two observers. The user study was
conducted with children without (or with a minimum)
Arabic reading and writing skills. A translator and two
to three observers (two GBL experts and one novice)
were present throughout the intervention focusing on
observing, taking notes, and managing the user study’s
overall execution. A translator (with Arabic and English
fluency) was required as most of the parents were not
fluent in English.

The first part of the user study (playtest session) had
three main sections: (1) A pre-test (10–15 min) to
examine the previous knowledge of children with Ara-
bic reading skills; (2) a gameplay session (20–25 min
duration), where children will play the game; and (3)
a short interview (10–15 min) to ask children follow-
up questions regarding their game experience and issues
encountered while playing. Each child individually
played the FTM game with one observer. The observer
was responsible for taking notes using an observation
checklist and helping the child if he/she got stuck. An
example observation checklist form and guidelines for
filling out the observation checklist were provided to
all observers before the study to have the same under-
standing. Children were free to leave playing the game
before the session was finished if they did not like it.
In the follow-up interview, children were asked to do
few simple tasks (pause game, replay, turn music on/
off, return to level screen), if they did not explore
these features during gameplay session, and ask some
questions related to their experience. After the playtest
session, smartphones with FTM installed were handed
to the parents to let children play the game at home
daily for one week (for at least 20 min per day). Finally,
a post-test was conducted with children when the
parents returned the smartphone after one week.

3.2.5. Data sources
The data sources used in this study were (listed in Table 3):

. Pre/Post Test: Early Grade Reading Assessment
(EGRA) was used (before and after playing the
FTM game) to test Arabic reading skills focusing
on the following five tasks: Arabic print orientation
knowledge, Arabic letter knowledge, Arabic syllable
knowledge, recognise initial sound in Arabic word
and Arabic word segmentation. Considering the
short duration (only one week) of the experiment,
we only focused on the Arabic alphabets in the
game’s first two clusters (see Section 4.2.2 for game
clusters). Therefore, the EGRA test was adapted to
include only 10 Arabic letters, syllables, and possible
words focusing on these clusters.

. Game Log Data: The main data in the game log files
included the following details: Session Start, Profile
ID, Level Start, Question Start, Answer Response,
Wrong Answer, Level End, Rewards Gained, Level
Score, Session End. The game logs data were
recorded for both gameplay session and one week
play at home.

. Observation checklist: An observation checklist was
developed to record all the actions, behaviours, and
expressions of children while observing them playing
the game. The design of the checklist is adapted from
the LEAGUE framework (Tahir and Wang 2020) to
our research context. It contained 36 items (con-
structed using positive phrasing [Diah et al. 2010])
focusing on factors/subfactors of usability dimension
mapped to the functionalities of the game and the
order in which the players are supposed to perform
activities/tasks in the ideal scenario (Diah et al. 2010).

. Demographic questionnaire: This included ques-
tions related to bio-demographics (such as age, gen-
der, education of the child, level of education of
parents, digital literacy, refugee background, country,
and spoken language) and mobile usage experience
(mobile usage expertise, dependency, frequency,
time spent and years of use).

. Learning modality preference questionnaire:
VARK for littles was used to collect the learning
modality preference of children. VARK stands for
visual (11 questions), audio (13 questions), read/
write (11 questions), and kinesthetic (11 questions).
The parents were asked to fill this form based on
what matches their child’s activities and preferences
for each category. Each category has a score, and
the highest score is considered the preferred
modality.

3.2.6. Data analysis
For the quantitative data analysis (RQ1–4 in Table 3),
the IBM SPSS Statistics v27 software was used. We con-
ducted Wilcoxon Matched Pairs Test to test any poten-
tial difference in the Arabic reading assessment (EGRA)
score of refugee children following a GBL intervention.
To investigate differences between younger and older
children, we split the sample using the age of six as a
threshold following Piaget’s theory of cognitive develop-
ment (Huitt and Hummel 2003) and focusing on pre-
operational (younger children) and concrete oper-
ational (older children) stages. We conducted the
Mann–Whitney test to examine any potential differ-
ences in the children’s age group and their learning
gain, usability score, and gameplay performance.
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Spearman correlation was used for identifying any
potential correlations: between children learning
modality preference and their learning, usability score,
and gameplay performance, and between mobile usage
experience and their learning, usability score, and game-
play performance. Furthermore, the grounded theory
approach proposed by Gioia, Corley, and Hamilton
(2013) was used to analyse and interpret the qualitative
data (collected through observation notes and inter-
views) to present data structure for usability issues.

4. Results

This section presents the results from the quasi-exper-
iment concerning the five research questions. The first
four questions concern quantitative data analysis using
statistical tests. We reported the differences in the learn-
ing outcome; looked at differences in children’s age
groups; identified the effect of learning modality prefer-
ence and mobile usage experience on learning gain
(LG), usability score, and gameplay performance. Lastly,
the fifth question concerns qualitative analysis and
looked at the usability issues faced by migrant refugee
children when playing the game, the first time.

4.1. Learning outcome with game-based learning
(RQ1)

This research question focused on the potential learning
gain (difference in pre and post-test of Arabic reading
assessment scores) of migrant refugee children after
using a game-based language learning approach in an
informal learning setup. Our null hypothesis was that
there is no difference in the Arabic reading assessment
score of migrant refugee children from playing the
FTM language learning game for one week at home.

A Wilcoxon Matched Pairs Test was conducted to
evaluate if there a difference in the pre and post-test
scores of refugee children following a GBL intervention.
The results revealed a statistically significant positive
change in Arabic reading assessment score following
playing the Arabic language learning game (‘Feed the
monster’), z =−4.7821; p-value is < .00001. The result

is significant at p < .05, with large effect size (r = 0.873)
according to Cohen (1988) criteria.

4.2. Differences in age groups (learning gain,
usability score, and gameplay performance)
(RQ2)

This research question investigated how the children’s’
learning gain (LG), usability score, and gameplay per-
formance from using a learning game differs between
two age-groups: younger (5–6 years old) and older chil-
dren (7–10 years old). Our null hypothesis was that
there are no differences between younger and older chil-
dren’s learning gain, usability score, and gameplay per-
formance with the FTM language learning game.

A Mann–Whitney test was used to examine the
differences between younger and older children. The
independent variable was the children’s age (younger
or older). The dependent variables were learning gain,
usability score, and gameplay performance parameters
(total levels, total time, total wrong, total sessions,
score in gameplay session). This test is appropriate for
our quasi-experiment as it is a nonparametric test
used to compare differences between two independent
groups where the samples can be of different sizes and
when the dependent variable is either ordinal or con-
tinuous. The results from the Mann–Whitney Test are
shown in Table 4.

Table 4 shows significant differences in learning gain
(with medium effect size r = 0.4365) and usability score
(with large effect size r = 0.5895) of younger and older
children. The younger children had higher learning
gain compared to the older children, while the older
children had better usability scores than the younger
children. Observations from the playtest session
confirm these differences between younger and older
children. Most younger children had difficulty recognis-
ing some icons/buttons/concepts and performing ges-
tures (such as extended drag). In comparison, the
older children thought that the game was too easy
with no option to increase the difficulty. The results
showed a statistically significant difference in total levels
played (with medium effect size r = 0.4325) by younger

Table 4. Mann-Whitney test results.
Younger children Median (n = 14) Older children Median (n = 16) U Z P r = z/√N

Learning gain 0.2 0.1 54.500 −2.391 0.0168* 0.4365
Usability score 25.5 33.5 34.500 −3.229 0.001* 0.5895
Total levels 75 131 55.000 −2.369 0.0178* 0.4325
Total time 184 264.5 69.000 −1.788 0.0738 0.3264
Total wrong 77.5 56.5 89.000 −0.956 0.3388 0.1745
Total sessions 10.5 9.5 106.500 −0.229 0.8186 0.0418
Score in game play session 20880.50 30151.00 69.000 −1.788 0.0738 0.3264

Significance level, *p < .05.
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and older children. The older children played more
levels than younger children. However, there was no sig-
nificant difference in the total time played, total sessions
played, and total wrong answers between the two groups
(p≥ 0.05).

4.3. Effect of learning modality preferences
(learning gain, usability score, and gameplay
performance) (RQ3)

This research question investigated the effect of learning
modality preference on the learning gain, usability
score, and gameplay performance of migrant refugee
children when playing the language learning game
(FTM). Descriptive statistics showed that 33.33% of
children had multimodal learning preference, 30% pre-
ferred aural, 23.33% preferred kinesthetic, and 13.33%
preferred visual. Interestingly, none of the children pre-
ferred read/write as a distinct preference, as it was
always preferred within multimodal learning
preference.

A series of spearman’s correlations were conducted
to identify any potential correlation between the chil-
dren’s learning modality preference parameters (visual,
read/write, kinesthetic, and aural) and their learning
gain (LG), usability score, and gameplay performance
parameters (total levels, total time, total wrong, total
sessions, score in gameplay session). Spearman corre-
lation is about the strength and direction of the relation
between two variables and is a nonparametric alterna-
tive of Pearson correlation. Spearman was used as the
assumptions for Pearson correlation were not met. All
results for spearman’s correlations are presented in
Table 5.

The two-tailed test of significance indicated no sig-
nificant relationship between the four learning modality

preference variables and children’s learning gain. It
means that the preferred modality of learning does
not affect children’s learning with the educational
game. However, regarding the association between the
four learning modality preference variables and the
usability score, spearman’s test verified a relatively
strong relationship between one of the four learning
modality variables, as indicated in Table 5. There was
a significant positive relationship between the prefer-
ence for the read/write learning modality and children’s
usability score. It shows that children who had a higher
preference for read/write modality had higher usability
score. The observations from the playtest session also
revealed that many children were uninterested in textual
instruction provided in the game and would try to skip
them without reading.

Lastly, the spearman’s test for the correlation
between the four learning modality preferences and
the four gameplay performance variables indicated a
significant positive relationship between three out of
the four learning modality preferences with two out of
four gameplay performance variables as shown in
Table 3. Children’s total time playing the learning
game was positively related to their preference for
visual, read/write, and aural learning modalities. More-
over, children’s total levels were positively related to
their preference for read/write and aural learning mod-
alities. On the other hand, no significant relation was
found between preference for kinesthetic learning
mode and gameplay performance variables. Overall,
the results showed that usability and gameplay perform-
ance was higher for children who prefer the read/write
and aural modality for learning. These results are rel-
evant in the employed game context (FTM) as the
game highly emphasised these two modalities of
learning.

Table 5. Spearman correlation results for learning modality preference.

LG
Usability
score

Total
levels

Total
time

Total
wrong

Total
sessions

Score in
gameplay

Spearman’s
rho

Visual Correlation
Coefficient

−.077 .281 .361 .425* .045 .318 .088

Sig. (2-tailed) .685 .133 .050 .019 .812 .087 .644
N 30 30 30 30 30 30 30

Read/write Correlation
Coefficient

−.320 .570** .527** .397* −.078 −.044 .350

Sig. (2-tailed) .084 .001 .003 .030 .682 .818 .058
N 30 30 30 30 30 30 30

Kinesthetic Correlation
Coefficient

−.038 −.035 −.041 −.011 −.022 .117 −.052

Sig. (2-tailed) .841 .852 .831 .956 .906 .537 .786
N 30 30 30 30 30 30 30

Aural Correlation
Coefficient

−.169 .357 .370* .421* .192 .243 .215

Sig. (2-tailed) .373 .052 .044 .021 .310 .196 .254
N 30 30 30 30 30 30 30

*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).

14 R. TAHIR AND A. I. WANG



4.4. Effect of mobile usage experience (learning
gain, usability score, and gameplay
performance) (RQ4)

This research question investigates the effect of mobile
usage experience on the learning gain, usability score,
and gameplay performance of migrant refugee children
when playing the language learning game (Feed the
Monster). Again, spearman’s correlation was used to
identify any potential correlation between the children’s
mobile usage experience parameters (mobile usage
expertise, years of mobile use, dependency in mobile
usage, frequency of usage, and time spent on mobile)
and their learning gain (LG), usability score and game-
play performance parameters (total levels, total time,
total wrong, total sessions, score in gameplay session).
The results are presented in Table 6.

Spearman’s test indicated no significant relationship
between learning gain and any of the four mobile
usage experience parameters. It means that their experi-
ence in using mobile technology does not affect chil-
dren’s learning with the educational game. On the
other hand, spearman’s test revealed a significant posi-
tive relationship between usability score and two of
the four mobile usage experience variables, as indicated
in Table 6. It shows that children who had more mobile
usage expertise and more years of mobile use had high
usability scores when playing the learning game for
the first time. Regarding the association between mobile
usage experience and gameplay performance par-
ameters, spearman’s test revealed a significant positive
relation between mobile usage dependency and the
total sessions played by children, and between years of
mobile use and score in play session. Interestingly,

children who had higher mobile usage dependency
(i.e. they do not use the mobile alone, but someone
else mostly plays with them) played a greater number
of sessions. In comparison, children with greater mobile
experience (years of use) performed better in the game
(higher score).

4.5. Usability issues faced by migrant refugee
children (RQ5)

The last research question investigated the issues faced
by migrant refugee children when playing the learning
game (FTM) for Arabic reading skills. In addition to
the usability observation checklist score, we also col-
lected the qualitative data from observation notes and
short interviews with children. As reported by Creswell
and Creswell (2017), it is important to analyse the quali-
tative data of the research to deepen the understanding
of research participants’ critiques. Therefore, the results
reported here (Figure 1) are based on the observations
(children’s behaviour in the playtest session) and the
interview responses. The interview gathered children’s
feedback regarding what they learned from the game
(learning objectives, retention, learning task), their
understanding of the game (game definition, narrative,
gameplay, rewards), what they liked or disliked about
the game, favourite part of the game (game aesthesis,
enjoyment, engagement motivation), what difficulties
they faced (interface), and if they want to change any-
thing (satisfaction and attractiveness).

We followed the procedure described by Gioia, Cor-
ley, and Hamilton (2013) for data analysis and present-
ing the issues found in the learning game. We came up

Table 6. Spearman correlation results for mobile usage experience.

LG
Usability
score

Total
levels

Total
time

Total
wrong

Total
sessions

Score in play
session

Spearman’s
rho

Mobile usage expertise Correlation
Coefficient

−.259 .362* .243 .266 −.231 .123 .222

Sig. (2-tailed) .166 .049 .196 .156 .219 .516 .238
N 30 30 30 30 30 30 30

Years of mobile use Correlation
Coefficient

−.251 .513** .290 .306 −.040 −.126 .372*

Sig. (2-tailed) .180 .004 .120 .100 .833 .506 .043
N 30 30 30 30 30 30 30

Dependency in mobile
usage

Correlation
Coefficient

−.018 −.069 .127 .219 .264 .527** −.235

Sig. (2-tailed) .927 .719 .504 .244 .159 .003 .211
N 30 30 30 30 30 30 30

Frequency of usage Correlation
Coefficient

−.075 .237 .082 .049 −.079 .025 .115

Sig. (2-tailed) .694 .206 .667 .797 .679 .894 .547
N 30 30 30 30 30 30 30

Time spent on mobile Correlation
Coefficient

−.089 .157 .134 .137 −.225 .180 .102

Sig. (2-tailed) .641 .409 .480 .472 .232 .342 .592
N 30 30 30 30 30 30 30

*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).
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with the data structure with three levels (shown in
Figure 1): the first level with the issues highlighted in
the raw data (from observations and children interview
responses), the second level identified the themes for
these issues and, the third level distilled these themes
into categories of usability issues. The LEAGUE frame-
work (Tahir and Wang 2020) and usability model
(Tahir and Arif 2015) was used to analyse and combine

the groups of codes to generate themes and compared
them against each other to form categories.

According to qualitative analysis (presented in Figure
1), the learnability category problems were related to
cognitive/motor skills and learning material and activi-
ties. Many children could not recognise the icons/but-
tons/concept, or it was difficult for them to perform a
gesture. Learning material and activities were not

Figure 1. The qualitative analysis of observation and interview data.
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suitable for all users, not comprehensive enough, and not
many opportunities. Especially older children found
them too easy. Deeper analysis showed that most chil-
dren with cognitive or motor skills-related issues
belonged to younger children age-group (5–6), which
is in line with the quantitative results from RQ2. More-
over, issues related to learning material and activities
and adaptivity were also age-related, where older chil-
dren (7–10) wanted the game to be more difficult.

The interface category issues were related to screen-
design, tutorial and help, game feedback, adaptivity,
and customisability. For screen design, mostly younger
children experienced some confusion and difficulty hold-
ing mobile while playing the game. For tutorial and help,
the qualitative data from observation and interview
showed that children most liked the visual and audio
instruction; however, some children faced difficulties
understanding the audio used in the game when they
had a different dialect. On the other hand, many children
were either uninterested or did not know how to read the
textual instructions. Therefore, they would try to skip the
instructions. The instructional support provided through
hints such as vibrating letters was not noticed by many
children. Moreover, some tasks and activities were not
completely understood by children on their own as details
were not provided with audio instruction. For game feed-
back, most children did not notice the time bar or score.
For adaptivity, the game’s pace was not suitable for many
children (especially older), and they thought it was not
challenging enough, and there is no variation in the
game in terms of difficulty level and customisability. In
addition to the need for different difficulty levels, many
children wanted customisable options to change different
characters, colours, and scenarios in the game.

Lastly, the satisfaction category issues were related to
the following themes: storyline, lose interest, and bor-
ing. Many children were not engaged in the story of
the game and did not remember it. For most children,
the game kept their interest for a shorter duration
only. Moreover, the game was boring for some children
due to little variation in gameplay, and they thought
they had other better options (games) to play.

5. Discussion

This section discusses the results from the previous sec-
tion, presents design recommendations learned from
the main findings and discusses some limitations of
this evaluation study.

5.1. Discussion of the results

In this section, we discuss the results from our evalu-
ation study with migrant refugee children (5–10 years

old), in which we examined the effectiveness of GBL
approach for the Arabic reading skills when used in
an informal learning context using quantitative and
qualitative data (see Section 3.2.1 for evaluation plan).

5.1.1. Impact on learning gain
The findings from this research study suggest that GBL
is an effective learning tool for informal learning setups
to increase the Arabic reading skills of refugee children
(RQ1). The test showed a statistically significant positive
difference in the Arabic reading assessment score of
children after playing with the game (Feed the Monster)
for one week at home, which is in line with similar
research by (Salah et al. 2016; Azizt and Subiyanto
2018; Kenali et al. 2019) conducted for formal teaching
setup that showed an increase in learning gain.

5.1.2. Age-group differences and need for
adaptivity in educational games
To investigate differences between children’s age-
groups when using GBL, we divided the sample into
younger children (5–6 years) and older children (7–10
years) following (Huitt and Hummel 2003). The key
motivation was to analyse the difference in learning
gain, usability, and gameplay performance across age
groups that can suggest design improvements for chil-
dren’s learning games. Surprisingly in this study, the
younger children outperformed the older children in
terms of learning gain. The qualitative analysis revealed
that the main reason for this difference was linked to the
educational material and difficulty level of the game,
which was too easy for older children, and thus they
had lower learning gain and felt boring. According to
a study by Greenberg et al. (2010), the strongest motiva-
tor for 5th-grade children is the perceived challenge.
Therefore, the learning game should provide children
with challenges (related to the main task) balanced
with their skill level (Kiili et al. 2012; Csikszentmihalyi
2000). The research findings indicate the need for adap-
tivity in the learning game (Streicher and Smeddinck
2016; Plass and Pawar 2020; Peirce, Conlan, and
Wade 2008). The game should increase the difficulty
level in relation to player skills, and the game designers
should ensure that the challenges should become more
difficult when the player’s skill level increases (generate
game levels tailored to player’s knowledge) (Steiner et al.
2012; Kickmeier-Rust 2012; Lopes and Bidarra 2011;
Andersen 2012).

However, as expected, the older children had a bet-
ter usability score than the younger children. It led us
to explore further any differences between age-groups
in terms of their mobile usage experience, which
could be the reason for better usability with older
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children (supposedly having more mobile experience).
Therefore, we conducted another Mann–Whitney test
and found no significant differences in mobile usage
experience between the two age groups, which
confirmed that differences in usability score between
younger and older children were due to age-related fac-
tors and not because of higher mobile usage experi-
ence. These results are also in line with the findings
from qualitative data, where younger children faced
difficulty in performing complex gestures (such as
extended drag), recognising icons/buttons/concepts,
and some also found the screen design to be a bit con-
fusing. According to Piaget’s theory of cognitive devel-
opment (Huitt and Hummel 2003), these issues are
related to cognitive and motor skills that are not fully
developed in younger children. Furthermore, the
results revealed a statistically significant difference in
the number of levels played between younger and
older children, where older children played more levels
than the younger. It can be linked to the nature of
older children being more motivated by competition
as claimed by Greenberg et al. (2010) and want to
win the game by completing all levels.

To conclude, it appears that the children’s age can be
associated with their learning gain, usability, and game-
play performance (RQ2). Therefore, adaptivity is
important in learning game to adapt to each child indi-
vidually for improved effectiveness (Andersen 2012;
Vandewaetere et al. 2013).

5.1.3. Learning modality preferences and
multimodal learning approach
We found no significant correlation between children’s
learning modality preferences and their learning gain,
consistent with the previous research in this area,
which debunked the theory that presenting material in
preferred modality can improve learning (Lodge, Han-
sen, and Cottrell 2016). Although many research studies
showed that modality does not affect learning, some
researchers think that different media may afford differ-
ent instructional methods and be effective for the learn-
ing process (Moreno 2006).

We found positive and significant correlations
between the children’s preference for the read/write
learning mode and their usability score. The children
who had a higher preference for read/write learning
modality had higher usability score. According to the
results, the older children (0.63) had a higher mean
score for read/write modality than younger children
(0.33). Therefore, we conducted a Mann–Whitney test
and found that read/write preference in the older
group was statistically significantly higher than,
the younger children group (U = 40.0, Z =−3.0139,

p = 0.00257). The qualitative data from observation
showed that most children (especially younger) skipped
or tried to skip the textual instructions provided in the
game because either they were uninterested or did not
know how to read the instructions. On the other
hand, some children also had difficulty understanding
the audio instructions provided in the game, mainly
because of the spoken dialect. However, the majority
understood and followed the visual instructions.
According to Harskamp, Mayer, and Suhre (2007), the
principle of modality is more likely to occur when
instructions aim to promote learner understanding.
Therefore, the game instructions must be delivered
through different media (Moreno 2006). The research
by Harskamp, Mayer, and Suhre (2007) recommended
accompanying graphics by concurrent narration instead
of on-screen text. With the use of auditory media to
process the words, the children are not forced to divide
the limited visual working memory (between pictorial
information and on-screen text), thus expanding the
capacity of effective working memory (Moreno, Low,
and Sweller 1995).

Finally, we also found that total time played was posi-
tively related to preference for visual, read/write, and
aural learning modalities. Similarly, total levels com-
pleted was positively related to preference for read/
write and aural modalities. These results were predict-
able since the game (FTM) was for Arabic reading skills
and hence had more audio and text focusing on sound
and written form of alphabets and words. Therefore,
children with a higher preference for read/write,
video, and aural modalities played the game more as
opposed to those with a higher preference for kines-
thetic. It was also evident from observation of playtest
sessions where some children were bored after 15 min
and instead wanted to play other more physical
games. Therefore, it is recommended to provide differ-
ent learning activities incorporating multiple modalities
for the game to be effective for most children (Alkha-
sawneh et al. 2008; Ward et al. 2017). Overall multimo-
dal learning is also supported by theoretical
development as opposed to the modality-specific learn-
ing style theory (Aslaksen et al. 2020). Although learners
might prefer a modality in certain situations but overall,
a more multimodal approach is plausible. According to
the results of this study, many children represented a
multimodal learning preference, which is similar to
the results by Alkhasawneh et al. (2008).

To conclude, children’s learning modality prefer-
ences are not associated with their learning gain, but it
impacts their usability score and gameplay performance
parameters (RQ3). It means that children’s learning
with educational games is not affected by their preferred
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modality of learning; however, different media’s func-
tional capabilities can be used to enable effective learn-
ing methods based on learning theories and research
(Moreno 2006). The use of a multimodal approach
can enhance the usability and gameplay experience for
most users (Aslaksen et al. 2020).

5.1.4. Mobile usage experience and need for
customisability
Similar to learning modality preferences, we found no
significant relation between children’s mobile usage
experience and their learning gain using FTM, which
is in line with the previous research by Kim and
Chang (2010). However, these non-significant findings
contrasted with Sylvén and Sundqvist (2012) that
reported a positive relationship between the time
spent playing games and language proficiency. In
another study by Chen and Huang (2013), ANOVA
results indicated significant differences in the learning
performance of groups with different prior knowledge
(frequencies of playing game and experience of playing
game). However, the effect of prior knowledge (positive
or negative) depended on the nature of knowledge (i.e.
declarative or procedural knowledge) delivered by the
game, and significant differences were found in only a
few groups. Thus, one explanation of this could be
that prior experience affects the learning outcome
when that experience/knowledge is used in the game
to solve tasks that induce learning.

Consistent with prior research (Orvis, Horn, and
Belanich 2006), this study outlined that mobile usage
experience parameters (usage expertise and years of
use) are positively related to the usability score when
playing the learning game for the first time. The chil-
dren with more years of mobile use and who require
less help to use mobile are already familiar with many
of the interface characteristics from the prior experience
shared in the current game (Salanova et al. 2000).
Therefore, researchers argue that experience parameters
(such as technology exposure, computing literacy, and
level of assistance required) must be considered when
designing the user interface (Belay, McCrickard, and
Besufekad 2016). According to the research investi-
gating expertise in various domains (Ericsson 2002),
the performance difference between experts and novice
is because of the deliberate practice accumulated over a
period of time. According to MacDorman et al. (2011),
it is important to note that an effective interface is not
necessarily the one that is easiest to use for novices as
an interface with a steep learning curve is much more
efficient to perform the task fast after sufficient experi-
ence. Bunt, Conati, and McGrenere (2007) rec-
ommended providing customisation suggestions

tailored to user characteristics, expertise, use patterns,
and features of the interface to maximise user perform-
ance. Many researchers supported user interface custo-
misation, Burkolter et al. (2014) showed that it enhances
user acceptance and reduces errors, whereas Jorritsma,
Cnossen, and van Ooijen (2015) pointed that users
work more efficiently when provided with customisa-
tion support.

Finally, we also found an association between mobile
usage experience and gameplay performance par-
ameters. Dependency in mobile usage is positively cor-
related to the total sessions played by children, and years
of mobile use is positively correlated to score in the
gameplay session. The latter is in line with the previous
research on video game experience, which showed that
learners with greater experience performed better
(Orvis, Horn, and Belanich 2006, 2008). Previous
research suggested that different instructional tech-
niques are effective for novice and high experience
users to maximise performance and motivation
(Kalyuga 2009; Schnotz and Rasch 2005; Baig and
Kavakli 2018). Therefore, to reduce the difference
between novice and high experience, the game develo-
pers should allow the users to select the desired level
of content and practice in the learning game according
to different user needs and provide an adequate amount
of preparatory practice (Orvis, Horn, and Belanich
2008). Customised GBL will lead to positive perceptions
and enhanced performance (Ku, Hou, and Chen 2016).
Moreover, allowing the players to customise game char-
acters’ behaviour increases user engagement that comes
from the sense of personal ownership (Kleinsmith and
Gillies 2013).

Surprisingly, the children with higher mobile usage
dependency (need someone else to play with them)
played more sessions. One plausible explanation for
this could be that the additional engagement is driven
by social interaction because these children are mostly
playing with family or friends. As indicated by previous
research that co-participation and availability of adults
in play can increase the duration of children’s play
(Pursi and Lipponen 2018; Singer et al. 2014; Siraj-
Blatchford 2009).

To conclude, children’s mobile usage experience does
not affect their learning gain, but it impacts their usabil-
ity and gameplay performance (RQ4).

5.2. Design recommendations

In this section, we present design recommendations
based on the qualitative analysis of observation notes
from the playtest session and interview responses of
children that identified usability issues (RQ5) and the
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lessons learned from the main findings of the quantitat-
ive data (RQ1–4). The design recommendations are
summarised as follows.

5.2.1. Age-appropriate design
It is essential to consider children’s age-group differ-
ences in the learning game design as they impact their
learning gain, usability, and gameplay experiences. Chil-
dren in different age groups belong to different cogni-
tive developmental stages (Huitt and Hummel 2003).
The younger children have less developed cognitive/
motor skills that can affect their educational game learn-
ability when using it the first time. On the contrary,
older children might find the learning material and
activities too easy, wanting the game to be more challen-
ging. Therefore, it is vital to design the interface (icons,
buttons, concept, and gestures), learning material, and
activities suitable for all users considering their cogni-
tive and motor skills. It should be comprehensive
enough for younger children but at the same time pro-
vide more opportunities for the older children.

5.2.2. Customisability
Educational games must provide customisation oppor-
tunities to different users based on their prior
experiences.

Customisation is referred to a manual process of
user-controlled adaptation that provides features for
users to allow them to make adjustments and variations
by themselves. This process usually occurs before the
actual activity, where users adjust the parameters pro-
vided by the game to shape the experiences and content
according to their choice (Feng et al. 2020; Orji, Oyibo,
and Tondello 2017). In the present study, many children
wanted customisable options to change different charac-
ters, colours, difficulty levels, and scenarios in the game.
Children with more mobile usage experience are already
familiar with many of the interface characteristics (Sal-
anova et al. 2000). Therefore, there is a performance
difference between experts and novices due to the prac-
tice and experience accumulated over time (Ericsson
2002). Therefore, the interface should provide the
users with customisation options in the learning game
(Orvis, Horn, and Belanich 2008).

Previous research has suggested different customisa-
tion suggestions. Providing options tailored to user
expertise, characteristics, features of the interface, and
use patterns can maximise user performance (Bunt,
Conati, and McGrenere 2007). Allow users to select
the level of content and practice according to their
needs and desire and providing an adequate amount
of basic practice to reduce the difference between novice
and experienced users (Orvis, Horn, and Belanich

2008). As different instructional techniques might be
effective for different users (novice and high experience)
to maximise motivation and performance (Kalyuga
2009; Schnotz and Rasch 2005; Baig and Kavakli
2018). Many researchers supported user interface custo-
misation. Burkolter et al. (2014) showed that reconfi-
guration user interface is promising for enhancing
user acceptance. Jorritsma, Cnossen, and van Ooijen
(2015) pointed that user interface customisation sup-
port (suggestions) was useful in a natural work environ-
ment. Moreover, researchers have highlighted many
positive effects of providing customisation: lead to posi-
tive perceptions and enhanced performance (Ku, Hou,
and Chen 2016), increases user engagement that
comes from the sense of personal ownership (Klein-
smith and Gillies 2013), users work more efficiently
when provided with customisation support (Jorritsma,
Cnossen, and van Ooijen 2015), enhances user accep-
tance and reduces errors (Burkolter et al. 2014).

5.2.3. Adaptivity
Adaptivity is an autonomous process of system-con-
trolled adaptation requiring minimal to no effort from
the user. It assesses users’ learning progress and compe-
tencies by monitoring their performance to make adap-
tations dynamically. The most prevalent adaptation
includes the balance of game difficulty (Feng et al.
2020; Kelley 1969; Kickmeier-Rust and Albert 2010).
The GBL designers should ensure that the game chal-
lenges become difficult with increasing players’ skills
by generating game levels tailored to players’ knowledge
(Steiner et al. 2012; Kickmeier-Rust 2012; Lopes and
Bidarra 2011; Andersen 2012; Malone 1981; Sweetser
and Wyeth 2005). In the present study, the game pace
was not suitable for many children. Especially older
children thought that the game is not challenging and
there is no variation in terms of the game’s difficulty
level.

5.2.4. Meaningful feedback
A learning game should provide meaningful feedback to
the users (Sweetser and Wyeth 2005). Use engaging ani-
mations for providing hints and feedback to make them
noticeable. In the present study, most children did not
notice the time bar, score, and hints (provided by the
correct letter’s slight vibration). However, the instruc-
tional support, such as feedback on answers (provided
by the monster spitting out the incorrect answer and
eating the correct one), was understood and liked by
most children. Therefore, it is crucial to design mean-
ingful feedback. Visual feedback with hand gestures
was most appropriate for children as most young chil-
dren did not understand the written feedback. Use of
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exciting rewards such as gifts and actions (such as mon-
ster growing bigger) was found more useful rather than
simple score. Researchers have suggested that the use of
adaptive feedback can facilitate learning, attitude, and
immersion (Kickmeier-Rust et al. 2008).

5.2.5. Adequate help and tutorial
It is important to provide adequate help and tutorials in
the educational game to support learners. According to
Kiili (2005), it is possible to extend the flow channel and
keep players interest in the game by providing guidance.
The research has found that the use of tutorials increases
playtime in more complex games (Andersen et al. 2012).
Moreover, researchers argue that the experience par-
ameters (level of assistance required, technology
exposure, and computing literacy) must be considered
when designing the user interface (Belay, McCrickard,
and Besufekad 2016). An effective interface is not
necessarily the easiest one, but the one with a steep
learning curve is much more efficient to perform the
task fast after sufficient experience (MacDorman et al.
2011). The designers should keep users’ different
needs in mind and provide the appropriate amount of
preparatory practice and tutorials (Orvis, Horn, and
Belanich 2008). It will reduce the difference between
novice and high experience. Moreover, additional help
and details are required for difficult and different
game tasks at least the first time. In the present study,
some children did not understand that for some game
tasks, they had to give letters in the correct order
when feeding the monster with letters.

5.2.6. Pedagogic feedback for reinforcement
learning
Educational games are effective if they impart the
required learning to the users. Therefore, educational
games must provide opportunities to self-correct in
order to reinforce learning. It can be done by providing
pedagogic feedback and correct answers. In the present
study, there were not many options provided to children
to self-correct. The game does not demonstrate the cor-
rect answer when children gave an incorrect one and do
not explain why the selected choice was incorrect. Chil-
dren understood that the answer is correct or incorrect
depending on whether the monster eats the letter or
throw it. However, they did not know why their answer
was incorrect or what is the correct answer. It is impor-
tant to demonstrate the correct answer to reinforce
learning. However, in the present game, children can
progress in the game even if they feed incorrect letters
to the monster. Researchers have found corrective feed-
back useful in educational games (Cornillie, Clarebout,
and Desmet 2012). According to Tzetzis, Votsis, and

Kourtessis (2008), corrective feedback increases self-
confidence and outcome scores over time. Moreover,
cognitive feedback provides the account for cognitive
immersion and learning as it relates to cognitive pro-
blem-solving. It stimulates game players to reflect on
their solutions and experiences to further develop
their playing strategies and mental model, focusing
player attention on relevant information intended for
learning objectives (Kiili et al. 2012; Van Merriënboer
and Kirschner 2017).

5.2.7. Engaging game tasks and learning activities
Educational games should provide variation in the game
and learning tasks and offer tasks and activities with
adequate levels of difficulty for different users to keep
their interest (Malone 1981). Research suggests provid-
ing users with different learning activities in the game
incorporating multiple modalities to be effective for
most children (Alkhasawneh et al. 2008; Ward et al.
2017). Users enjoy playful tasks and put more effort
into learning and exploring the new tasks. Playful
tasks also foster creativity (Prensky 2001). In the present
study, some children were bored after 15 min and
instead wanted to play other more physical games.
The game was boring for some children due to little
variation in gameplay activity. They did not like the
same task every time and wanted something different.
Moreover, most children would become active and
engaged in the different mini-games (level breaks with
different activities) and repeated them several times.
Many researchers have focused on designing tasks
with different difficulty levels (Ibrahim and Jaafar
2009). However, it is also vital to design interesting
and engaging tasks (such as role-playing, interacting
with multimedia, or gaming aids) as they keep students’
focus (Abdul Jabbar and Felicia 2015).

5.2.8. Empathy and connection
It is important to create empathy and connection with
users in the educational game. In the present study, chil-
dren felt an association with the game character. They
liked feeding the character (monster) and making it big-
ger. Therefore, educational game designers should use
animations and game characters that connect with
users. Moreover, it is also possible to create empathy
through game story scenarios to emotionally connect
players (Neuenhaus and Aly 2017). Bachen et al.
(2016) suggest that educational game designers should
prioritise focus on stimulating empathy and immersive
presence in users. In-game empathy predicts increased
interest in learning about the game topics (Bachen
et al. 2016).
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Research has found an association between game
character and affective reactions. Sierra Rativa, Postma,
and Van Zaanen (2020) reported that facial expressions
and virtual animals’ appearance in a simulated environ-
ment leads to higher levels of players’ empathy and
immersion. Therefore, the game character’s appearance
is important as it can influence the user experience con-
cerning empathy and immersion. Bailey, Wise, and
Bolls (2009) indicated that game avatar customisation
could affect both psychophysiological indicators of
emotion and subjective feelings of presence during
gameplay, making children’s gameplay experience
more enjoyable. The customisation of the avatar can
incite identification with the avatar (Birk et al. 2016).
Researchers have also explored the use of player-avatar
identification. It is a process where players view them-
selves as a game character and feel the same emotional
attachment (Wang et al. 2020). Wang et al. (2020)
found that player-avatar identification impacts user’s
behavioural intention. The greater avatar identification
translates into motivated behaviour in a task and fosters
immersion, experienced autonomy, enjoyment,
invested effort, and positive affect (Birk et al. 2016). It
also has implications for educational game design to
help change players’ behaviour. The options to facilitate
identification include increasing similarity, sense of
embodiment, and wishful identification with an avatar
representing player’s ambitions (Birk et al. 2016).

5.2.9. Effective use of multimedia for multimodal
learning
GBL should incorporate effective use of multimedia by
offering learning activities integrating multiple modal-
ities for multimodal learning approaches (Ward et al.
2017) to enhance usability and gameplay experience
(Aslaksen et al. 2020). Therefore, it is important to
identify different media’s functional capabilities and
their relevance to the learning process to facilitate effec-
tive instructional and learning methods for the game to
be effective for most users. In the present study, overall,
most children liked the visual and audio instruction.
The majority of children understood and followed the
visual instructions. However, there were some difficul-
ties in understanding the different spoken dialects in
audio instruction. On the other hand, most younger
children were uninterested in textual instructions or
did not know how to read. Therefore, visual and
audio instructions should be used more often than writ-
ten instructions, especially when designing for children.
It is important to use a clear voice and dialect familiar to
the target users when using audio instructions in learn-
ing games. Moreover, sometimes it is important to use
voice instructions within visual tutorials for providing

extra details, especially if the visual tutorial cannot
emphasise the minor details and extra information is
needed. In the present study, some tasks and activities
were not completely understood by children, and they
needed help from observers as details were not provided
with audio instructions. Previous research also found
that it is more effective to accompany graphics with con-
current narration rather than using on-screen text
(Harskamp, Mayer, and Suhre 2007). The use of audi-
tory media expands the capacity of effective working
memory as children are not forced to divide the limited
visual working memory between pictorial information
and on-screen text (Moreno, Low, and Sweller 1995).
It was also found that interesting sounds of Arabic
letters attract attention and help children remember
the letters. Children picked the letter sounds from the
game and enjoyed repeating them. The instructions in
learning games must be delivered through different
media (Moreno 2006) as the principle of modality is
more likely to occur when instructions aim to promote
learner understanding (Harskamp, Mayer, and Suhre
2007). However, designers must consider the multime-
dia learning issues in correspondence with the cognitive
load theory when incorporating different media in edu-
cational game design.

5.2.10. Intriguing storyline
It is important that the storyline of an educational game
is interesting and engaging for different user groups.
The story can embody fantasy and generate emotions
(Malone 1981; Prensky 2001) to keep users interested
by sustaining their intrinsic motivation, curiosity, and
plausibility instigated by the game environment (Dickey
2011). In the present study, some children were not
engaged in the game’s story and did not remember it,
which affected their satisfaction with the game. Park
et al. (2010) discovered that players enjoy the game
more when exposed to a pre-game story. Fantasy plays
an important role in children’s play to ‘assimilate’
experience in the existing structures in children’s
mind and can be very important in making the instruc-
tional environments more motivating, interesting and
educational (Malone 1981; Piaget 1952). Therefore, it
can be useful to incorporate fantasies in the storyline
to make the educational game environment more inter-
esting; however, it is crucial to carefully choose fantasies
that appeal to the target users (Malone 1981). Moreover,
narrative game mechanics can be used to create an enga-
ging story focusing on evoking empathy through rep-
resentation, creating moral dilemmas via player
choices, and building tension via spatial conflict (Dub-
belman 2016).
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5.3. Limitations of the study

We recognise that our work entails several limitations.
One such limitation is that there was no control group
to compare the learning gain. Since the employed learn-
ing game teaches Arabic reading skills to refugee chil-
dren in an informal learning setup where no other
means like traditional education are available, therefore,
a quasi-experiment was used without any control group
considering the context of use. However, tomitigate this,
we performed a matched-pairs study with one group
pre-test–post-test design using the Wilcoxon Matched-
Pairs Signed-Ranks Test to examine the difference in
value before and after the intervention from the same
subjects (MacFarland and Yates 2016). Since the pre
and post-test used similar questions, one could argue
that the pre-test might have affected the post-test out-
come. However, the post-test was conducted after a
one-week gap and was not exactly the same, which coun-
ters the testing threat. Although the post-test followed
the same pattern, and the questions were based on the
same ten alphabets, syllables, and words, they were
rearranged and reordered. The sample used in this
evaluation study was not randomised. We used selective
sampling since only children with refugee backgrounds
(limited in number and availability) could serve as the
primary data sources due to this study’s objective. How-
ever, the selection was based on defined criteria, and the
gender distribution was fairly equal, thus reducing the
effect of selection bias (Sharma 2017). Finally, the results
reported in this article were based on the evaluation of a
particular learning game with migrant refugee children.
Although the results should be applicable for GBL for
various subjects, we acknowledge that the results might
not be transferable to any user population. It is possible
that similar analyses with other user groups might pro-
duce different results in terms of age differences. The
proposed LEAGUÊ-GQM approach is still in early
stages and will be further refined by applying in GBL
evaluation studies at different development stages. One
limitation of the proposed LEAGUÊ-GQM approach
and evaluation guide is that it provides only two qualitat-
ive analysis methods in the current version and a link
between first and second part of the approach is missing.
For example, it does not guide which criteria to prioritise
for different evaluation types, evaluators have to pick
and choose themselves. The extended version will incor-
porate these changes.

6. Conclusion and future work

In this paper, we proposed and employed an integrated
LEAGUÊ-GQM approach to plan and evaluate the

potential of a GBL approach for Arabic reading skills
of migrant refugee children, discover any differences
in their performance (learning outcome and gameplay
performance) and experience (usability) concerning
their user characteristics (age group, learning modality
preferences, and mobile usage experience), and identify
any usability issues in the learning games. We con-
ducted a quasi-experiment using one group pre and
post-test design with 30 children aged 5–10 and col-
lected quantitative and qualitative data using multiple
methods including pre/post-test, questionnaire, inter-
view, game log, observation checklist, and notes.
Based on our findings, we present the following
conclusions:

. The GBL approach has great potential as an edu-
cational tool in informal learning setups to improve
refugee children’s Arabic reading skills.

. Educational game designers, educators, and research-
ers should consider the existence of differences
between different age-groups of children and realise
its impact on learning, usability, and gameplay.

. GBL should incorporate effective multimodal learn-
ing approaches (Ward et al. 2017) by offering differ-
ent learning activities integrating multiple modalities
to enhance usability and gameplay experience.
Therefore, it is important to identify different media’s
functional capabilities and their relevance to the
learning process to facilitate effective instructional
and learning methods for the game to be effective
for most users.

. Educational games should assess users’ prior experi-
ences and provide different users (novice and experi-
enced) with customisation opportunities.

The paper presents some recommendations for the
design of GBL applications for refugee children based
on data analysis and the identified usability issues that
are also applicable for the learning game design in
general. The future work will focus on employing
the integrated approach to plan various GBL evalu-
ation studies, exploring the potential of the approach
with different study designs, evaluation stages, and
learning domains. The future work will also focus
on exploring the relationship between user character-
istics and affective reactions, such as focusing on the
relation between parent–children play that increases
engagement. Future studies could also compare the
results of the GBL approach in an alternative context
of use and obtain deeper insights from a longitudinal
collection of learning and psychosocial data for
language learning games.
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