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ABSTRACT: Learning through designing digital games has recently emerged as a potential approach for school
learners to boost their literacy development and learning in and across disciplines. However, existing knowledge on
this relatively new approach is still fragmented, and little is known about its implementation features, associated
learning opportunities, and possible challenges experienced by students. As such, the present review seeks to
synthesize relevant research in terms of the three aspects stated above to better understand the concept of student
game design as a literacy practice. A total of 30 peer-reviewed research articles published between 2010-2020 are
included in this research synthesis. Findings reveal that there is considerable variation in how the literacy learning
approach of student game design is currently implemented, with respect to the school learners involved and game-
making tools adopted. Despite its diverse nature, the feasibility of literacy learning by game-making is confirmed
across the reviewed studies, with the disciplinary literacy in computer science and 21st century literacy being most
prominent. This review has also brought to light the potential of introducing students to content-based game design
to foster interdisciplinary learning. In order to provide a balanced portrait, this review further identifies major
challenges of learning with the game-making approach from students’ perspectives.

Keywords: Digital games, Game design, Literacy learning, Literature review

1. Introduction

There has been widespread recognition of the need for educators to re-conceptualize what it means to be literate, and
how literacy learners can be educated to succeed in the 21st century (Mills, 2010; Trilling & Fadel, 2009). While the
traditional notion of literacy centers on print-based practices of reading and writing, recent understanding of literacy
is tightly linked to a repertoire of practices for functioning well in context-specific settings, which are mediated and
shaped by technology in some way in this digital era (Gilster, 1997; Kress, 2003; Lankshear & Knobel, 2003).
Arguably, literacy is now best understood as a broad range of socially organized practices that extend the traditional
reading and writing skills. 1t follows that literacy can be practiced in varying forms for different purposes in a variety
of sociocultural contexts, hence new literacies (Street, 1998) or multiliteracies (Cope & Kalantzis, 2000). Some
notable examples addressed in this study are 21st century literacy (Trilling & Fadel, 2009), new media literacy with
respect to digital game design (Buckingham & Burn, 2007), and disciplinary literacy in various subjects, such as
computer science and social studies (Shanahan & Shanahan, 2008).

In line with the reconceptualization of literacy, educators and researchers are continually looking for innovative ways
to help students learn effectively with digital technologies. Among the various options, digital games have been
suggested as promising catalysts. In the book entitled “What video games have to teach us about learning and
literacy,” Gee (2003) identifies 36 principles from cognitive science that are situated in games. For example, the
active learning principle states that all aspects of the digital game-based learning environment are designed to
encourage active student learning. Over the years, research interest in digital games has grown, and many of Gee’s
(2003) claims about the affordances of learning through game-playing have been supported by empirical studies.
Research has shown that exposing students to well-designed gaming environments with appropriate instructional
support can enhance their learning motivation (Hawlitschek & Joeckel, 2017), vocabulary acquisition (Franciosi,
2017), problem solving (Eseryel, Law, Ifenthaler, Ge, & Miller, 2014), and disciplinary literacy (Chen, Wong, &
Wang, 2014). This strand of research promotes the approach to learning by playing digital games, which is taken as
an initial effort to explore game-related applications in education (Boyle et al., 2016; De Freitas, 2018; Hung, Yang,
Hwang, Chu, & Wang, 2018).

Building further on the educational potential of game use from a different perspective, a recent trend has seen the
introduction of a game-making approach “in which games are designed by students (rather than professionals) for
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learning benefits” (Kafai & Burke, 2015, p. 314). This approach is rooted in constructionist learning theories (Papert,
1980, 1991). It highlights the role of students as active learners as they take part in the process of constructing their
own digital games (Prensky, 2008), and thereby constructing meaningful knowledge and experience for themselves
(Kafai & Resnick, 2012). Various benefits of learning with the game-making approach have been shown in empirical
studies, such as enhancing student game designers’ creative thinking (Navarrete, 2013), improving their computer
science knowledge and programming skills (Denner, Werner, & Ortiz, 2012), and actively engage them in the
process of learning by design (Topalli & Cagiltay, 2018). Although there appears to be an increasing number of
studies on student game design in recent years, this body of research is still small (Reynolds, 2016). Scholars have
therefore called for more studies and reviews in order to more fully grasp the value of the game-making approach
(Kafai & Burke, 2016; Kordaki & Gousiou, 2017). The present study is an endeavor in response to this call.

The purpose of this study is to provide a scoping review of empirical studies that adopt the game-making approach in
educational contexts, using a content analysis of multiple aspects. Of central interest to this review are literacy
practices of school learners across different levels of education, ranging from kindergarten to university (also known
as K-16). Therefore, the first aspect analyzed here is student game designers’ educational levels. This information is
helpful to determine suitable settings for future implementations. Another related aspect is the existing tools for non-
experts to design digital games for the sake of schooling. This is the practical information that allows educators to
choose appropriate game design tools that best suit their target learners’ needs. In addition to contextual features,
researchers are generally interested in understanding what learning opportunities are available to students and what
learning challenges are facing students as they are involved in the creation of digital games. While empirical
evidence on the contributions and constraints related to the game-making approach is still inconclusive, review
results of these aspects are intended to enhance the current knowledge base. Accordingly, the following research
questions are analyzed in this review.
e  What is known about the student game designers’ educational levels and game design tools when learning with
the game-making approach?
o What is known about the opportunities offered by the game-making approach for literacy learning?
e What is known about the challenges of learning with the game-making approach from students’ point of view?

2. Related work

Several previous reviews informed this work. Li and Tsai (2013) reviewed 31 empirical studies published between
2000 and 2011 regarding the use of digital games in science education. The sample was identified through the
databases of SCOPUS and Web of Science. The results revealed that most of the studies adopted the game-playing
approach to facilitate students’ science learning, and only two studies utilized the game-making approach for the
same purpose. Learning gains in scientific knowledge were found to be the most dominant outcome, followed by
problem solving skills.

Another related review by Kordaki and Gousiou (2016) was conducted in the context of computer science education.
One of its main purposes was to examine the effects of a specific genre, digital card games, on student learning. Of
the 24 articles spanning 2003-2013 that were located by database searches (e.g., ACM, ERIC, and IEEE), two-thirds
asked students to learn by designing their own games, and one-third exposed students to game-playing environments
for learning. Positive effects of both game uses were reported, with most centering on the acquisition of
programming knowledge and skills.

In a follow-up study, Kordaki and Gousiou (2017) expanded the scope of their prior review from the domain-specific
context of computer science to various application domains. A similar methodology was utilized to sample a total of
50 articles with varying game uses (game-making: n = 14; game-playing: n = 35; both: n = 1). The results provided
evidence to support applications of digital card games in education in general, with computer science, language, and
science being the most common disciplines.

Focusing on the learning benefits of the game-making approach, Kafai and Burke (2015) carried out a literature
review to analyze research evidence on student game design in terms of personal, social, and cultural dimensions in
K-12 education. The literature search sources included electronic databases, journal archives, and conference
archives. Based on the review results of the 55 articles published in 1995-2015, it was found that the game-making
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approach contributed most to one’s growth in the personal dimension. Leading the way were studies that documented
students’ learning of coding, followed by the learning of other content areas, such as mathematics and science.

The four reviews mentioned above, although differing in focus, all agree in suggesting the feasibility of integrating
digital games in education through the game-making approach. They have raised attention to the still evolving
concept of student game design in various disciplinary contexts. To advance in this direction, the present review was
motivated to synthesize research findings on the use of digital game design as a literacy practice for school learners.

Kafai and Burke’s (2015) review is of particular relevance to this study. They synthesized research findings
published up to 2015, and proposed a useful framework for organizing learning benefits of student game design
along three different dimensions: personal, social, and cultural. Reflecting the continuing interest in the game-
making approach, the present review attempts to provide a more up-to-date understanding of the relevant studies
published during the past 10 years (2010-2020). Furthermore, what this review adds is a tighter focus on learning
outcomes related to the personal dimension, but with a broader perspective of literacy learning in K-16 education.
This review is especially propelled by new literacy studies (e.g., Gee, 2003; Kress, 2003; Mills, 2010), and thus is
concerned with the emerging forms of literacy and the interdisciplinary learning potential beyond (traditional)
learning of coding. More importantly, this review seeks to address the research gap identified by Kafai and Burke
(2015), stating that more documentation on possible challenges pertaining to student game design is needed in the
literature. With these thoughts, the present review is therefore conducted to offer a more balanced understanding by
attending to some contextual, positive, and negative aspects of student game design, as specified in the previously
stated research questions.

3. Method
3.1. Search keywords and sources

The search keywords for the present review included (“game design” OR “game construction” OR “game making”
OR “game development”) AND (learning OR learners OR students). They were developed according to the purpose
of this study, with reference to the previously discussed reviews. The keywords were searched for in titles, abstracts,
and author-specified keywords as a preliminary to locating potential articles from a large body of literature in a set of
prescribed sources, as specified below.

Three sources of data for the literature search were involved in this review, including electronic databases, journal
archives, and reference lists of relevant literature. The methodological decision to go for these search sources was
made by consulting relevant publications on guidance for undertaking systematic reviews (Horsley, Dingwall, &
Sampson, 2011; Petticrew & Roberts, 2008).

In the digital era, it is commonly believed that searching electronic databases is the most efficient approach to collect
data for review studies. Because ScienceDirect is one of the largest and most heavily used databases in Taiwan (Ke,
Kwakkelaar, Tai, & Chen, 2002), where the authors conducted this study, it was selected as the primary search
source for data retrieval.

With an understanding that not all journals are covered by ScienceDirect, several refereed journals were also
searched. These included: British Journal of Educational Technology, Educational Technology Research and
Development, and Educational Technology & Society. They were collectively utilized as the secondary search source
due to their reputation as leading journals in the field of education and educational technology, and also for the
reason that prior reviews on digital game-based learning (e.g., Hwang & Wu, 2012) have chosen these journals to
form their datasets.

Checking reference lists of relevant literature is another avenue to increase the yield of data in review studies, as
exemplified by Kafai and Burke’s (2015) research synthesis on student game design. Therefore, the reviewed studies
cited in the references of the aforementioned reviews (i.e., Kafai & Burke, 2015; Kordaki & Gousiou, 2016; Kordaki
& Gousiou, 2017; Li & Tsai, 2013) were manually searched in a snowballing manner as a supplement to the other
two search sources of this review.
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3.2. Inclusion criteria

Five inclusion criteria were applied during full-text reading of potentially relevant articles to further determine the
relevance of a reported study to the present review.

e  The study was published during the review period of January 2010 to April 2020.

The study was reported in a peer-reviewed journal with the Social Science Citation Index (SSCI).

The study had to be presented as a full-length research article with a robust methodology.

The study involved K-16 students as the primary participants or game designers.

The study focused on the use of the game-making approach to facilitate students’ literacy learning in some way.

Common examples of excluded articles were those not published during the designated period, those not reported in
SSCI journals, those without clear indications of well-designed empirical studies, those focusing on game design by
teacher learners or professional game developers rather than school learners, and those addressing other approaches
of game use, such as student learning through digital gameplay.

3.3. Coding categories

The coding category of student game designers’ educational levels documented the participating students’ grade
levels based on the K-16 educational system. This was divided into four sub-categories: kindergarten, primary school
(grades 1~6), secondary school (grades 7~12), and tertiary or higher education (grades 13~16). A sub-category of
mixed was used for studies that recruited participants with different educational levels across settings.

The coding category of game design tools referred to the specific authoring technologies through which the
participating students created their own digital games in the reviewed studies. This was not prescribed but allowed
for bottom-up emergence in the reviewed studies. A total of 16 game design tools were observed. For those studies
without a clear indication of game-making tools, a separate sub-category of unspecified was applied.

The coding category of literacy forms were open coded given the diverse focus of literacy research and the
multifaceted nature of literacy. A total of five sub-categories were identified in this review, including (1) basic
literacy, (2) intermediate literacy, (3) advanced or disciplinary literacy, (4) 21st century literacy, and (5) new media
literacy with respect to digital game design.

The first three sub-categories of literacy forms reflected the traditional understanding of literacy development within
disciplines (Shanahan & Shanahan, 2008). Basic literacy, typically acquired in early childhood, referred to the most
fundamental skills for being literate in a language, such as reading, writing, and numeracy. Intermediate literacy was
defined as the more complex cognitive skills beyond the basic level, which involved domain-specific developmental
abilities (e.g., computational thinking in computer science) or domain-general abilities (e.g., analyzing, evaluating,
and deep learning strategies). Advanced or disciplinary literacy was considered as specialized knowledge and skills
in various subjects or content areas, such as mathematics and science.

The last two sub-categories of literacy forms reflected the contemporary understanding of literacy learning. The so-
called 21st century literacy referred to a set of higher-order thinking skills that could be learned and applied across
disciplines (Boltz, Henriksen, Mishra, & Deep-Play Research Group, 2015; Conklin, 2011; Trilling & Fadel, 2009).
These included, but were not limited to, problem solving, perspective taking, creative thinking, and critical thinking
skills. Another relatively new form of literacy that emerged in this review was new media literacy, or more
specifically, game design literacy. It was viewed as the ability to properly use and design digital games to express
themselves and make meaning out of their learning experiences (Buckingham & Burn, 2007).

As for the coding category of literacy learning orientation, a distinction was made between monodisciplinary and
interdisciplinary to understand whether multiple specialized branches of knowledge and skills were embodied in
literacy learning and development (Ashby & Exter, 2019). The former referred to a literacy learning orientation that
centered on the acquisition of a single branch of knowledge and skills within its disciplinary tradition. An example is
teaching students to program a game as a means of helping them develop the targeted computational thinking and
programming skills in a computer science course. The latter was an orientation of literacy learning that involved
more than one branch of knowledge and skills across traditional disciplinary boundaries. For example, students in a
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game design course may design a content-based digital game for history learning, through which to develop their
disciplinary literacies in history and computer science.

In answering the last research question, the reviewed studies were initially coded according to whether or not they
reported students’ perceived challenges when learning with the game-making approach. Details of this category were
then inductively coded and analyzed using a thematic analysis approach (Nowell, Norris, White, & Moules, 2017) in
order to identify major themes of interest that emerged from the students’ point of view. As it turned out, five sub-
categories pertaining to the major themes of student perceived challenges were formed.

3.4. Triangulation of literature selection methods

To enhance the research credibility, this study generally followed Petticrew and Roberts’ (2008) guidelines for
conducting systematic literature reviews in social science, and used multiple methods for data triangulation. First, the
keyword-based selection method was adopted to obtain potential articles from the three major sources of data
(described in Section 3.1), and 371 articles were initially identified. Next, the criterion-based selection method was
utilized to screen the full-texts of all the potentially relevant articles against the five inclusion criteria (described in
Section 3.2), and 52 of them remained. Last, the coding-based selection method was employed to assess the
eligibility of the shortlisted articles. Two researchers (co-authors of the study) performed this task individually to
content analyze each article by applying the coding categories (described in Section 3.3). The inter-coder reliability
of the initial analytical results was high (85%). Any coding conflicts were resolved by involving a third researcher
through discussion to reach consensus among the research team. Eventually, a final sum of 30 articles were
systematically reviewed and reported in this work.

4. Results and discussion

The 30 studies on learning by game-making were included as the review sample, involving a combined total of 2,366
student participants (see Table 1). It was observed that these studies were distributed across various journals, with
Computers & Education (n = 13) being the most common publication venue, followed by Educational Technology
Research and Development (n = 7).

4.1. Contextual features of the game-making approach

Table 2 outlines the two contextual features of the game-making approach analyzed in this review. The analytical
results pertaining to learners’ educational levels indicated that this approach was most frequently applied in
secondary education (n = 14), followed by elementary education (n = 6). As expected, this approach was least used
with kindergarten students (n = 1) due to its prerequisite of access and ability to learn with technology. Among the
five studies with mixed learner groups from different educational levels, one study (Strawhacker & Bers, 2018)
recruited children in kindergarten through second grade as participants, and the others (Bossavit & Parsons, 2018;
Cakir, Gass, Foster, & Lee, 2017; Papavlasopoulou, Giannakos, & Jaccheri, 2019; Reynolds & Caperton, 2011)
recruited participants mostly from middle/high schools. Taken together, most of the reviewed studies involved
secondary school learners. Such a finding is contradictory to previous reviews (Kordaki & Gousiou, 2016; Kordaki
& Gousiou, 2017) that suggested the frequent use of game-making approach in tertiary or higher education contexts.
This is probably due to the difference of years included in this review (2010-2020) and in the previous reviews
(2003-2013). It can be inferred that, under the overarching influence of educational digitalization, the game-making
approach has been gradually reaching out to younger populations in recent years compared with in the past.

Based on the evidence obtained in this review, teaching and learning with the game-making approach appears more
suitable for secondary school learners (and beyond), as they have mastered fundamental literacy skills before moving
onto the complex tasks of digital game creation (Kafai & Burke, 2016; Moje, 2015). This finding suggest that when
working with younger learners, such as elementary and even kindergarten students, teachers may consider
simplifying the technology component in game design so as to lessen students’ cognitive load.
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Researchers’ selection of game-making tools was very diverse, given the 16 different tools identified across the 30
reviewed studies. The most popular tools among the pool were Scratch (n = 6) and Kodu (n = 5), followed by high-
end game development engines, including RPG Maker (n = 2), Flash (n = 2), and Neverwinter Nights (n = 2). Other
game-making tools were comparatively less popular (n = 1 for each). It further appears that a game design tool is
more likely to be selected over others if: (1) it is made available free of charge, and even specifically designed for
instructional purposes, as in the cases of Scratch by MIT Media Lab (Ke, 2014) and Kodu by Microsoft (Akcaoglu,
2014); (2) it supports object-oriented visual programming techniques, which is considered more friendly and
intuitive for novice learners/programmers (Topalli & Cagiltay, 2018); and (3) it allows for 3D creations, which is
deemed more appealing to students (Akcaoglu & Green, 2018).

Among the wide array of the game design tools observed in this review, Scratch and Kodu are comparatively more
affordable technologies for learners across different age groups. It is because these two tools are freely accessible,
visually appealing, and easy to use. As a result, Scratch and Kodu are suggested as good starting points for educators
and researchers interested in the game-making approach, particularly when working with learners with limited or no
programming background.

Table 1. List of the reviewed studies and their sample sizes

Study ID Reviewed studies Number of participants
S01 Akcaoglu (2014) 18
S02 Akcaoglu and Green (2019) 35
S03 Akcaoglu and Koehler (2014) 44
S04 Allsop (2016) 30
S05 An (2016) 12
S06 Bossavit and Parsons (2018) 6
S07 Cakir et al. (2017) 21
S08 Carbonaro, Szafron, Cutumisu, and Schaeffer (2010) 50
S09 Denner et al. (2012) 59
S10 Dishon and Kafai (2020) 16
S11 Feng and Chen (2014) 232
S12 Gallagher and Grimm (2018) 53
S13 Hava, Guyer, and Cakir (2020) 15
S14 Howland and Good (2015) 55
S15 Hwang, Hung, and Chen (2014) 167
S16 Kalmpourtzis (2019) 34
S17 Kao, Chiang, and Sun (2017) 126
S18 Ke (2014) 64
S19 KovacEvi¢, Minovi¢, Milovanovi¢, de Pablos, and Star¢Evi¢ (2013) 125
S20 Molins-Ruano et al. (2014) 80
S21 Navarrete (2013) 12
S22 @ygardslia and Aarsand (2018) 9
S23 Papavlasopoulou et al. (2019) 157
S24 Reynolds and Caperton (2011) 199
S25 Robertson (2012) 25
S26 Ruggiero and Green (2017) 11
S27 Strawhacker and Bers (2019) 57
S28 Topalli and Cagiltay (2018) 322
S29 Vos, van der Meijden, and Denessen (2011) 235
S30 Yang and Chang (2013) 67
Total 30 2,366
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Table 2. Student game designers’ adopted tools and educational levels identified in the reviewed studies

Study Game design tools Student game designers’ educational levels

ID Kindergarten Elementary  Secondary Tertiary Mixed
S01 Kodu X

S02 Kodu X

S03 Kodu X

S04 Alice X

S05 Gamestar Mechanic X

S06 Microsoft Kinet X
S07 Unity X
S08 Neverwinter Nights X

S09 Stagecast Creator X

S10 Scratch & Makey Makey X

S11 Scratch X

S12 Portal X

S13 Kodu X

S14 Flip programming language X

S15 Kodu X

S16 Adobe AIR X

S17 Crayon Physics Deluxe X

S18 Scratch X

S19 Unspecified X

S20 C programming language X

S21 Flash X

S22 RPG Maker X

S23 Scratch X
S24 Flash X
S25 Neverwinter Nights X

S26 Unspecified X

S27 Scratch X
S28 Scratch X

S29 Memory Spelen X

S30 RPG Maker X

Total 16 1 6 14 4 5

4.2. Literacy learning opportunities offered by the game-making approach

Table 3 displays the associated opportunities for literacy development and learning resulting from the use of the
game-making approach. A glance at the literacy learning orientations makes it clear that this approach is more
achievable as a monodisciplinary (n = 20) than interdisciplinary (n = 10) literacy practice, with computer science
being the core disciplinary literacy. Among those studies conducted in monodisciplinary contexts, the development
and learning of computer science literacy is generally targeted at the advanced level. In previous reviews (Kordaki &
Gousiou, 2016; Kordaki & Gousiou, 2017), similar frequency patterns were observed. It was actually not surprising
to find that the development of disciplinary literacy in computer science was the most common literacy learning
opportunity available to students due to the nature of digital game design concerning computer skills and domain-
specific knowledge of basic programming concepts. One typical example was the study by Howland and Good
(2015), in which 55 secondary school students spent eight weeks learning to design their own 3D role-playing games
using a simplified programming language, Flip. Comparison of the individual students’ pre- and post-tests was used
to determine their development with respect to programming knowledge and skills. The results showed that learning-
by-game-design was capable of significantly improving the students’ disciplinary literacy in computer science.

Delving into the progression of literacy development within disciplines, several studies investigated students’
intermediate level of thinking and learning skills (n = 4). For instance, the game-making approach was found to
facilitate the students’ domain-specific abstraction and reading skills in computer science (Carbonaro et al., 2010;
Strawhacker & Bers, 2019) and various domain-general thinking skills, such as organizing, evaluating, and deep
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learning skills (e.g., Allsop, 2016; Vos et al., 2011). Only one study (Kalmpourtzis, 2019) applied the game-making
approach through the expert-guided use of Adobe AIR in combination with low-tech prototypes to improve
kindergarten students’ basic level literacy, in this case pre-algebraic patterning.

The review results also revealed the interdisciplinary learning potential of the game-making approach. One-third of
the 30 reviewed studies (n = 10) were classified as literacy research with an interdisciplinary learning orientation
because they integrated literacy practices of computer science and another discipline. These included two studies
each in physics (Gallagher & Grimm, 2018; Kao et al., 2017) and history (Molins-Ruano et al., 2014; @ygardslia &
Aarsand, 2018) as well as one study each in mathematics (Ke, 2014), biology (Yang & Chang, 2013), geography
(Bossavit & Parsons, 2018), science (Hwang et al., 2014), social studies (An, 2016), and foreign language (Vos et al.,
2011). Taking An’s (2016) study as an example, seventh graders were engaged to incorporate social studies content
into their game design projects using Gamestar Mechanic. The students commented that this interdisciplinary
learning experience helped them review what they had previously learned in their social studies class (as design
content) through hands-on realization of computer literacy in the form of digital games (as design artifacts). These
research instances generally reveal that interdisciplinary learning opportunities enabled by the game-making
approach were abundant but selective, as different studies may vary greatly with respect to outcome variables of
interest in specific research contexts.

Table 3. Literacy forms and literacy learning orientations identified in the reviewed studies

(Traditional) literacy forms (New) literacy forms Literacy learning
orientation

Study

D Basic Intermediate  Advanced 21st century Game Mono- Inter-

literacy literacy literacy literacy Idesign disciplinary  disciplinary
iteracy

S01

S02

S03

S04 X
S05

S06

S07

S08 X
S09

S10

S11

S12

S13

S14

S15

S16 X

S17

S18

S19

S20

S21

S22

S23

S24

S25 X
S26 X

S27 X
S28

S29 X
S30

X XXX
X X X X

XX X XXX
X XX XXXXX

XXX XXXX XX XX XXXXX
XXXXXX X X
X X XX X

X X X
X

Total 1 4 19 13 2 20 10
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In addition to the benefits of cultivating students’ traditional literacy development in and across various disciplines,
the review results showed that the game-making approach was applicable to developing the learning of so-called new
literacy practices, including 21st century literacy (n = 13) and game design literacy (n = 2). For instance, learning by
game-making in Yang and Chang’s (2013) study was implemented to develop students’ 21st century literacy with a
focus on critical thinking and their domain-specific academic achievement in biology. In another study that adopted
the same approach (Kao et al., 2017), the students’ learning outcomes were assessed in terms of physics knowledge
acquisition and game design literacy.

Among those studies addressing students’ 21st century literacy, problem solving was most frequently examined, with
eight of the 13 relevant studies being identified (Akcaoglu, 2014; Akcaoglu & Green, 2019; Akcaoglu & Koehler,
2014; Feng & Chen, 2014; Hava et al., 2020; Hwang et al., 2014; Kalmpourtzis, 2019; Ruggiero & Green, 2017).
Other higher-order thinking skills were examined in sporadic studies, including two for creative thinking (Gallagher
& Grimm, 2018; Navarrete, 2013), one for critical thinking (Yang & Chang, 2013), one for perspective taking
(Dishon & Kafai, 2020), and one for systems thinking and the like (An, 2016). A possible explanation for this
finding is that higher-order thinking skills are now gaining increasing attention in literacy education, since such skills
are being recognized as essentials for helping students develop into lifelong learners who are competent in dealing
with the life demands of the 21st century (Conklin, 2011; Trilling & Fadel, 2009).

While previous reviews have documented the positive effects of the game-making approach on literacy learning in
various disciplines (Kafai & Burke, 2015; Kordaki & Gousiou, 2016; Kordaki & Gousiou, 2017; Li & Tsai, 2013),
the present review further extends the potential of this approach to the development of 21st century literacy and new
media literacy (exemplified by digital game design). This finding opens up new possibilities for literacy educators
and researchers to explore various emerging forms of literacy related to the game-making approach. Moreover,
educators need to be aware of the interdisciplinary learning potential of the game-making approach, and seek to
embed it into a wider curriculum beyond the core discipline of computer science. Doing so may proactively prompt
students to ponder the connectivity and interplay between two or more disciplinary literacies, while also nurturing
the development of higher-order thinking and other emerging forms of literacy. Creation of content-based digital
games is a concrete task that can be executed to achieve the desired outcomes. Following on from this point, it is
argued that university students are better candidates than those in lower educational levels. This is largely due to the
strong literacy foundation required to perform a complex and satisfactory task as planned (Ashby & Exter, 2019).

4.3. Students’ perceived challenges of learning with the game-making approach

Table 4 specifies the studies explicitly reporting learners’ accounts of their experience with the game-making
approach according to the major themes of challenges which emerged from this review. While learning by making
digital games has produced positive findings related to literacy practices in and across disciplines, it may also pose
some challenges to participating students, which should not be overlooked. In light of this, each of the reviewed
studies was inductively analyzed for students’ perceived challenges, if any, based on the presence of relevant
dependent variables expressed in the purpose statement and/or research questions. In this review, only a subset of 12
relevant studies out of the entire sample (n = 30) directly examined students’ perspectives in this regard. These
studies utilized mixed or qualitative methods to generate evidence from diverse data sources, such as interviews,
classroom observations, reflection worksheets, open-ended survey questions, and game artifact analyses. As a result
of inductive coding and analysis, five major themes were identified, including (1) technological challenges related to
the operational use of game design tools, (2) unfamiliarity with game design principles and practices, (3) insufficient
time for game design, (4) lack of instructional support during the learning-by-game-making process, and (5) weak or
difficult integration of content knowledge into games. Each of these themes is briefly discussed below.

Half of the 12 relevant studies reported that many of the participating students encountered technological challenges
as they created games using the designated tools (e.g., Navarrete, 2013). Results of a follow-up analysis revealed that
such a technologically-oriented difficulty may be caused by, for example, the daunting task of coding in and of itself
(Ke, 2014), the complexity of professional-grade game-making tools like Unity (Cakir et al., 2017), and learner
differences, particularly children designers or learners who are less competent in computer literacy (Akcaoglu &
Green, 2018). These impeding conditions should be taken into consideration so as to adequately select learner-
friendly game-making tools in support of the game-making approach.
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Another major challenge identified in this review was learners’ unfamiliarity with game design tasks, with five of the
12 relevant studies falling into this category. It is generally agreed in these studies that design by itself is not a simple
task, and undoubtedly the multiplicity of digital game design makes it even harder for students to manage.
Consequently, assisting students in knowing what design is, what games are, and how these two can be
conceptualized together is deemed a necessary first step (Reynolds & Caperton, 2011). Such learner training and
preparation must be supplemented with hands-on explorations to prime students’ systematic application of design
ideas, game mechanics, and creative problem-solving techniques for them to effectively tackle unexpected
difficulties (Akcaoglu & Green, 2018).

Time limitation was one common problem reported in three of the 12 relevant studies. From the students’
perspective, creating digital games was very time consuming, and they were often overwhelmed by the complicated
and iterative task of game design (KovacEvi¢ et al., 2013). To eliminate this problem, enhancing students’ time
management skills may help them realize and implement their game design plans more efficiently. On the research
side, it is recommended to apply the game-making approach in studies with longer durations, rather than one-shot or
short-term investigations (lasting from hours to a few weeks).

Table 4. Major themes of student game designers’ perceived challenges identified in the reviewed studies

Study Explicit The five major themes

ID report: Technological Game design Time limitations  Lack of support ~ Weak content
Yes/No challenges difficulties integration

S01 No

S02 Yes X X

S03 No

S04 No

S05 Yes X X

S06 No

So7 Yes X X

S08 No

S09 Yes X

S10 Yes X

S11 No

S12 No

S13 Yes X

S14 No

S15 No

S16 No

S17 No

S18 Yes X X

S19 Yes X X

S20 No

S21 Yes X

S22 No

S23 Yes X

S24 Yes X X X X

S25 Yes X

S26 No

S27 No

S28 No

S29 No

S30 No

Total 12 6 5 3 3 3

Three out of the subset of 12 relevant studies recognized students’ need for guidance in the learning-by-game-
making process as a priority area for improvement, particularly when adopting the game-making approach with those
who had little or no experience in digital game design. Denner et al. (2012) found that novice game designers were
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less likely to persist in the face of setbacks and challenges, and hence extensive instructional support was needed. On
this point, some researchers (KovaCEvi¢ et al., 2013; Reynolds & Caperton, 2011) have suggested personal
consultations and even co-designing with experts as possible solutions to overcome students’ unfamiliarity with and
uncertainty about what learning-by-game-making might actually entail.

As previously presented, only 10 out of the 30 reviewed studies were implemented with an interdisciplinary learning
orientation, and even fewer (n = 3) explicitly examined students’ difficulties as they learned with the game-making
approach. In such studies, many participating students reported that connecting content knowledge to game design
was the most challenging part of the learning experience. As shown in the cases of math game-making in Ke (2014)
and historical game-making in An (2016), the students often felt perplexed about how to integrate two disciplines of
specialized knowledge and skills in meaningful ways. According to Ke (2014), one strategy to avoid this situation is
to provide focused training of content-specific design thinking so as to better prepare student game designers for this
integrated intellectual challenge.

All in all, it is evident that digital game creation provides rich and ample literacy learning opportunities, while also
bringing some challenges, for students to develop into competent literacy learners who are capable of meeting the
societal expectations in today’s increasingly competitive environment. Therefore, when implementing the game-
making approach for literacy learning in and across disciplines, careful attention should be paid to reduce the
common constraints identified in this review.

5. Conclusion

The present review has sought to contribute to the literature by spearheading the game-making approach that is
beginning to flourish as a literacy practice in K-16 education. Encouragingly, learning by making digital games has
been shown as a promising approach. Prominent reasons are that it is theoretically grounded in constructionist
learning, empirically supported by the reviewed studies here, and practically in line with the digitalization of
education in contemporary times. On the whole, the findings and implications derived from the present review are
anticipated to shed light on the refinement of student game design in future practices.

As with all literature reviews, the sample of this study was limited by the use of search terms, search sources, and
search methods for literature collection. The selection of relevant articles was further restricted to those published in
SSCI journals during the past 10 years. Many potentially relevant works, particularly “grey literature” (e.g.,
unpublished dissertations and conference proceedings), were thus excluded from consideration. To complement the
focus of this review, meta-analyses that synthesize both published and unpublished studies with a quantitative
approach are especially needed to determine the effectiveness of student game design.
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