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Abstract 

This study presents the findings of a systematic literature review on educational computer game development 

activity utilized in learning environments. The main aim of this review is to investigate the effects of game design 

activity on learning outcomes of students. Additionally, there are other factors examined in the review such as 

participant type, publication year, method, and game development tools. A total of 45 research articles published 

in the journals indexed in Web of Science were selected for analysis. The results show that the greatest advantage 

of computer game design activity that it supports students’ programming and problem solving skills. The review 

also revealed that computer game design activity provides an effective way in promoting children’ creative 

thinking skills. It was indicated that the biggest barrier to implementing game design activity in learning 

environments is the lack of expertise of the students and teachers in developing computer games and use of game 

development engines. Keywords: constructivism, game design activity, learning outcomes, learning by design.   

1. Introduction  

The information age has led to a series of skills that individuals should have in work, school and education in 

general such as problem solving, critical, and creative thinking. Unfortunately, today’s educational systems do 

not pay attention helping students as creative thinkers (Resnick, 2007). For this reason, innovative instructional 

methods and techniques that will motivate students are needed in education (Seals et al., 2008). Game-based 

learning is considered as an innovative way that may promote student motivation and engagement with learning 

activities in educational setting. Because, computer games are important part of children’s lives and have a 

potential motivate children. There are two different areas emerged in game based learning (Baytak, 2009). The 

first area explores the effects of educational games on students’ educational outcomes such as motivation, 

academic achievement etc. The second area focuses on game development process in which students are game 

designers and developers. The rest of this introduction will focus on the studies of computer games 

designed/developed by students in educational context.  

1.1. Learning by Game Design 

Higher order thinking skills such as analysis, synthesis, and evaluation play crucial roles for success in modern 

societies (Pragaya & Coffey, 2008). The design process requires the use of a set of skills such as analysis, 

synthesis, evaluation, and review (El-Nasr & Smith, 2006). Design tasks are important for providing learner 

autonomy as well as allowing students to have ownership and control in their learning process (Robertson & 

Howels, 2008). Learning by game design provides students important opportunities to develop their own games 

and new relationships with knowledge in the process (Papert 1993, 1998; Kafai 2006; cited by Li, 2010). 

Developing a game is not a passive experience and it engages learners actively (Robertson & Howels, 2008). 

Therefore, game design activity is beyond information transmission to students (Eow et al., 2010b).  
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1.2. Game Design Activity 

Game design process is an example activity of the constructivist approach. Because design process emphasizes 

learning by practicing the cognitive skills and it has great importance in constructivist learning environments. 

Hence, many educators and researchers have focused on computer game design activity to engage students with 

programming, technology, and different contents (Frydenberg, 2015). Yasmin Kafai is one the first researchers 

who investigates the educational game design process in learning environments. Kafai published a book titled 

“Minds in Play: Computer Game Design for Children’s Learning” in 1995. In her study, the grade 4 students 

developed their own educational games within 6-week implementation process. Within this process, the students 

had different roles such as designer, story writer, and programmer. The results of the study indicated that game 

design activity is an effective and innovative method in the way of students in expressing their personal and 

creative ideas in their artifacts. 

2. Research questions 

The main aim of this study is to analyze the studies conducted about the utilization of game design activity in 

learning environments in terms of implementation process. Within the scope of this analysis, the research 

questions are as follows: 

a. What is the distribution over the years of the in the studies? 

b. What are the learning outcomes of game design process in the studies? 

c. What learner types (types of participants) are commonly selected for in the studies? 

d. Which game development tools are most used for in the research studies?  

e. What are the implementation issues of game design process in the studies?  

3. Data collection 

3.1. Databases searched 

In the study, only research articles published journals that are indexed by Social Sciences Citation Index were 

reviewed. For the review, the Web of Science search tool was used for searching articles. This site is an online 

service that consists of several databases including SSCI indexed journals.  

3.2. Search terms 

While conducting the research in the Web of Science, the advanced search function was used. The search terms 

were identified as the following: (“game design” OR “game development” OR “game designer”, OR “game 

construction”, OR “making games”). The articles were filtered using the categories such as “education & 

educational research,” “education special,” and “education scientific discipline”. 45 articles were accessed at the 

end of the search.  

3.3. Data analysis 

The content analysis was used for the data analysis. All of the articles were coded and analyzed by one researcher. 

The articles were coded using a scheme in an Excel document. The scheme consists of various categories such as 

research method, participants, and game development tool, etc. According to the data, related charts were created 

in Excel software.   

4. Results and discussion 

Research Question 1: What is the distribution of the studies over the years? 

As it is seen in Fig. 1, there has been an increasing interest in game development activity in recent years. 

Especially, the maximum number of these studies in this area were conducted in 2014. There are possible reasons 

for this interest. One of these reasons is that constructivist theories have gained importance since 1990. In addition 

to that, using ICT in learning environments has become widespread. In this direction, various game programming 

tools such as Scratch, and MS Kodu were developed for students to create games. These tools allow children to 



develop computer games without having complex technical and programming knowledge. Additionally, STEM 

education have great importance especially in developing countries. Game development process is considered as 

a way of implementing STEM education. Hence, it is possible that studies based on game development activity 

will increase in upcoming years.  

 

Figure 1. Distribution of the studies over the years 

Research Question 2: What learner types (types of participants) are commonly selected for 

the studies? 

As seen Fig. 2, in nearly half of the studies, elementary students were selected as participant type. Secondary 

students were the most commonly preferred in the studies. There can be two reasons for selecting young students 

as participant type. Firstly, it is essential that students should have digital literacy and creative thinking skills from 

early ages in developed countries. Secondly, it is empowered that children to become individuals producing 

technology rather than consuming technology in these countries. In the review, it was found that mixed learner 

type including middle and high school students were preferred in three studies. Ten studies utilized game 

development activity in higher education. These studies generally focused on programming skills through game 

design activity in engineering and teacher education schools.  

 

Figure 2. Type of participants in the studies 

Research Question 3: Which game development tools are most used for in the research 

studies?  

In many of the studies, different game development tools such as Adventure Author, Script Ease, and Visual C++ 

etc. were used for participants to develop computer games. They were utilized in 15 different studies. Scratch was 

the second tool in the studies in terms of frequency. Scratch is a visual programming tool developed in MIT Media 

Lab to enhance students’ technological fluency (Maloney et al., 2004). Game Maker, Adobe Flash, MS Kodu and 

Alice were also used as game development tools in other studies. MS Kodu is a 3D game engine developed by 
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Microsoft for children to develop digital games simply (Maclaurin, 2011). Therefore, it is expected that MS Kodu 

game engine will be more popular in the near future. Game development tool was not specified in eight studies 

because they focused on only game design processes. 

 

Figure 3. Game development tools in the studies 

Research Question 4: What are the learning outcomes of game design process in the studies? 

To determine the learning outcomes of game design process, only quantitative and mixed studies were reviewed. 

As it is seen in Fig. 4, nearly half of the studies (%49), the articles followed qualitative research methodology. 

Following that, quantitative (%39) and mixed (%12) research methods were used in the articles.  

 

 

 

 

 

 

 

Figure 4. Research methods 

Table 1 shows the results of learning outcomes of game design activity in the studies. Numerous studies have 

indicated that game design activity promoted students’ programming skills (Çağıltay, 2007; Carbonaro et al., 

2010; Denner et al., 2012; Feng & Chen, 2014; Yukselturk & Altıok, 2016; Çakır et al., 2017). Çakır et al. (2017) 

stated that game development activity improved young girls’ attitudes and interest toward computer science.  

The findings also indicated that game design activity supports students’ problem solving (Cheng, 2009; Akcaoglu, 

2014; Akcaoglu & Kohler, 2014; Hwang et al., 2014; Ruggiero & Green, 2017) and creative thinking skills 

(Cheng, 2009; Eow et al., 2014a; Eow et al. 2014b; Navarrete, 2013). There are also other studies indicated that 

game design activity enhances students’ motivation (Cheng, 2009; Vos et al., 2010; Hwang et al., 2014), academic 

achievement (Yang & Chang, 2013; Hwang et al., 2014), and digital literacy skills (Owston et al., 2009; Reynolds 

& Chiu, 2016). In addition to these contributions, there are few studies indicating that game design activity 

developed students’ critical thinking skill (Yang and Chang, 2013), deep learning strategy (Vos et al., 2010), 

disposition toward math (Ke, 204), self-regulation (Feng & Chen, 2014), and knowledge acquisition (Slussareff 

& Boháčková; 2016).  
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Learning Outcomes F General Direction to Effect 

Programming skills 7 Positive  

Problem solving skills 5 Positive  

Creative thinking skills 4 Positive  

Motivation 3 Positive  

Academic achievement 2 Positive  

Digital literacy skills 2 Positive  

Critical thinking skills 1 Positive  

Self- regulation 1 Positive  

Disposition toward math 1 Positive  

Knowledge acquisition 1 Positive  

Deep learning strategy 1 Positive  

Concentration  1 Inclonclusive 

Literacy skills 1 Inclonclusive 

Attitudes toward Computer Sience 1/1 Inclonclusive/ Positive  

Table 1. The learning outcomes of game design activity 

Research Question 5: What are the implementation issues of game design process in the 

studies? 

Although the game design activity has many advantages for students, there are a number of obstacles to the 

implementation of game design activity in the school environment. Firstly, the fixed time intervals of traditional 

learning environments hinder the iterative design process in the activity (Ke, 2014). Secondly, establishing 

laboratories, studios etc. in schools causes incremental costs. Furthermore, the main barrier to utilizing game 

design activity in learning environments is the lack of expertise of the students and teachers to create computer 

games (Owston, 2009). Because, game design activity requires a series of skills such as proposal writing, scripting, 

and programming (Mikami et al., 2010). Especially, the development of a high level computer game is difficult 

because students should posses programming skill (Carbonaro et al. 2010). Therefore, students can have technical 

difficulties to implement their ideas in a game development tool (Baytak et al., 2011). Students should quickly 

learn game development tool to develop their own games (Çağıltay, 2007). It may be not possible to teaching all 

of the lectures in a short time (Mikami et al., 2010). On the other hand, game design activity is not involved in 

one curricular category and that learning is not directly related to individual subject domains (Robertson & 

Howels, 2008). 

 

 

 

 

 

Figure 5. Barriers to the utilization of game design activity in educational setting 

5. Conclusions 

This paper presented a systematic literature review on educational game development activity in learning 

environments. In this context, some factors such as publication year, participant type, and game development tools 

are examined in the review. The findings showed that there has been an increase in the number of the studies on 

this topic in recent years. It was found that elementary students were selected as participant type in nearly half of 
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•Technical difficulties in using of the game development tool
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•Incremental cost for establishing laboratories, studios etc. 

•Game design activity is not involved in one curricular category 



the studies. Additional research could be conducted at diverse populations such as post graduate, and gifted 

students.  

In the review, it was found that different game development tools such as Scratch, Game Maker, and Adobe Flash 

were used in the studies. Researchers could attempt to design and develop game engines for game design activity. 

This study particularly focused on learning outcomes of students whether game design activity had positive effects 

on learning process. It was found that the studies on this topic address a wide range of learning outcomes such as 

high order thinking skills, motivation, and academic achievement etc. Future research may replicate the studies to 

ensure the results.   
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7. Appendix 

Authors Aim of the study Method Participant Conclusions 

Çağıltay 

(2007) 

Investigating the effect of game 

design activity on software 

development performance 

Mixed study  125 students 

(higher 

education) 

Experimental group significantly 

developed their programming skills 

when compared to control group. 

Robertson

& Howells 

(2008) 

Investigating the successful 

learning process through game 

development activity 

Qualitative study  

Design based 

research  

30 students  

(grade 6) 

Game design activity provides cross-

circular learning and is not linked to 

individual subject domains. 

Cheng 

(2009) 

Exploring students' attitudes 

toward game development activity 

Mixed study  25 students  

(post-

graduate) 

Findings showed that game making 

pedagogy supports students’  

motivation, problem solving skills, 

and creativity. 

Owston et 

al. (2009) 

Investigating the effect of game 

development activity on literacy 

skills 

Pre-test/ post-test 

experiential/ 

control group was 

carried.  

18 class  

(grade 4) 

No significant differences were 

found between experimental and 

control groups of the GRADE test. 

Results showed that experimental 

group performed one of the logical 

sentence construction subtest. 

Eow et al. 

(2010a) 

Investigating the effect of game 

design activity associated with 

appreciative learning approach on 

creative thinking skills. 

Pre-test/post-test 

experimental/ 

control group was 

carried.  

69 students 

 (grade 4) 

Significant differences on creative 

thinking skills of experimental 

group. 

Eow et al. 

(2010b) 

Investigating the effect of 

appreciative learning approach 

applied in computer game 

development class on creative 

process  

Experimental 

design was carried.  

69 students  

(grade 4) 

Findings showed that students in 

treatment group gained accelerated 

mean score in creative process 

experienced on the second week and 

stabilized thereafter for the following 

weeks. 

Mikami et 

al. (2010) 

Creating a curriculum framework 

for game development course  

Qualitative case 

study 

Higher 

education 

students  

The issues such as employment, 

necessity of middleware have been 

indicated that prevail with respect to 

practical technology development. 

Carbonaro 

et al. 

(2010) 

Investigating the effect of game 

development activity on 

programming and high order 

thinking skills. 

Quantitative study 50 students 

(high school) 

Findings showed that computer 

game construction is a suitable 

activity for teaching higher-order 

thinking skills. 

Li (2010) Exploring students' experiences in 

game development activity 

Qualitative study 21 

elementary 

students 

Students enhanced their subject 

knowledge and developed problem 

solving skills. 



Thomas et 

al. (2011) 

Examining students' problem 

solving skills in the game 

development activity 

Qualitative study  12 secondary 

students  

Game development process gave 

students to comprehend the 

parameters of a good project. 

Reynolds 

& Caperton 

(2011) 

Examining students' views toward 

the game development course 

Qualitative study 

design based 

research 

199 middle, 

high, and 

college 

students  

The authors can not draw 

conclusions from the data.  

Baytak et 

al. (2011) 

Examining the design processes 

through game development 

activity 

Qualitative study 10 students  

(grade 5) 

All students actively participated in 

game development activity and 

reflected their subject knowledge on 

their games. 

Baytak & 

Land 

(2011) 

Examining the design processes 

through game development 

activity 

Qualitative study 10 students  

(grade 5) 

Students developed high level 

computer games without gender 

differences.  

Vos et al. 

(2011) 

Investigating the effects of game 

design activity on deep learning 

strategy and intrinsic motivation 

Pre-test/ post-test 

experimental/ 

control group was 

carried.  

235 students  

(grade 4) 

Significant differences deep learning 

strategy and intrinsic motivation of 

experimental group. 

Denner et 

al. (2012) 

Investigating the effect of game 

design activity on programming 

skills.  

Qualitative study 59 female 

students  

Game development and design 

activity supports learning of 

programming concepts. 

Li (2012) Investigating the affordances and 

constraints of the teachers when 

they design games 

Qualitative case 

study  

15 teachers Game design activity supported 

teachers to re-conceptualize teaching 

practices. 

Robertson 

(2012) 

Examining the characteristics and 

gender differences in the games 

developed by the students 

Qualitative case 

study 

25 secondary 

students 

Results showed that female students 

were more concerned with peer 

feedback than male students, and had 

a higher overall score in the 

categories of player guidance, play 

intention, choice, character, 

dialogue, and imagination. 

Yang &  

Chang 

(2013) 

Exploring the game development 

activity on academic achievement, 

critical thinking skills, and 

concentration 

Pre-test/ post-test 

experimental/ 

control group was 

carried.  

67 students  

(grade 7) 

Results showed significant 

differences between the academic 

achievement, and critical thinking 

skills of the students in game 

development activity. No significant 

differences in concentration between 

the groups. 

Li et al. 

(2013) 

Investigating pre-service teachers' 

perceptions toward game 

development activity 

Qualitative case 

study 

21 pre-

service 

teachers 

Game development activity impacted 

preservice teachers’ perceptions 

related to challenges, problems 

solving, and attitudes toward gaming 

and design. 

Sheridan et 

al. (2013) 

Investigating how urban students 

enact their role in game 

development activity 

Qualitative study.  

Design based 

research 

415 students 

(between the 

ages 7 to 19) 

The game design program became 

more socially and relevant as 

participants created community of 

learners.  



Reynolds  

& Chiu 

(2013) 

Exploring students' attitudinal 

changes in a game design program 

Quantitative study Elementary 

school 

students  

More research is needed 

to understand what specific program 

structures will support a fuller range 

of participants. 

Navarrete 

(2013) 

Examining the effect of game 

design activity on creative thinking 

skills.  

Qualitative case 

study 

12 secondary 

students  

Game development activity supports 

the creative thinking process.  

Akçaoğlu 

(2014) 

Exploring the effect of game 

development activity on problem 

solving skill 

Pre-experimental 

study was carried.  

18 secondary 

students 

The results indicated that there were 

significant improvements in 

students’ problem-solving skills in 

game development activity. 

Akçaoğlu 

& Koehler 

(2014) 

Exploring the effect of game 

development activity on problem 

solving skill 

Quasi-

experimental 

design 

44 secondary 

students  

Game development activity leads to 

cognitive changes in children' 

problem solving skills. 

Ke (2014) Examining the utilization game 

development activity in math 

learning. 

Mixed study 64 

elementary 

students 

Students developed more positive 

dispositions toward mathematics 

after game development activity. 

Ke & Im 

(2014) 

Examining the cognitive processes 

in a team-based game development 

activity 

Mixed study  64 

elementary 

students 

Collective problem framing, solution 

generation, and design execution 

were determined as three major 

components in a team based game 

development activity.  

Hwang et 

al. (2014) 

Investigation the effect of peer 

based game development activity 

on learning achievement, 

motivation, and problem solving 

skills. 

Quasi-

experimental 

design 

167 

elementary 

students  

Game development activity 

promoted students’ learning 

achievement, learning motivation, 

problem-solving skills. 

Werner et 

al. (2014) 

Investigating the relationship 

between computer game 

programming process and 

computational thinking. 

Qualitative case 

study 

325 

elementary 

students 

Game development activity can be 

used in teaching of programming 

structures. 

Feng & 

Chen 

(2014) 

Investigating the influence of goal 

specify and scaffolding on the 

programming performance and 

self-regulation through game 

development activity. 

Quasi-

experimental 

design 

232 students  

(grade 6) 

Results showed that nonspefic goals 

and structuring scaffolds led to 

superior comprehension of 

programming and nonspecific goals 

were more effective than specific 

goals in the promotion of self-

regulation.  

Pretelín-

Ricárdez,  

& 

Sacristán, 

(2015) 

Investigating university 

engineering students reflecting 

physical system models in their 

computer games. 

Qualitative case 

study 

2  higher 

education 

students  

Students engaged in producing a 

working model that was meaningful 

to them and gained a deeper 

understanding of all the elements 

through computer game development 

activity. 



Sancar-

Tokmak,  

(2015) 

Investigating pre-service teachers' 

TPACK knowledge development 

through computer game design 

activity 

Qualitative case 

study 

21 pre-

service 

teachers 

Participants described initial 

difficulty in designing educational 

computer games since they had 

limited technological knowledge 

(TK), design knowledge (DK), or 

experience designing educational 

computer games. 

Reynolds 

& Chiu 

(2015) 

Investigating the link between 

sociodemographic factors and the 

digital divide, via a year long 

inquiry-based technology 

educational intervention in schools 

involving game design. 

Quantitative study 242 (middle 

and high 

school 

students) 

Results offer evidence that school-

based digital literacy programs can 

attenuate digital divide effects 

known to occur cross-sectional in the 

general U.S. population. 

Allsop 

(2015) 

Exploring students' mental 

activities when making digital 

games. 

Qualitative study 30 

elementary 

students 

Students' mental activities followed a 

sequel pattern. 

Muhoz 

González 

et al. 

(2015) 

Investigating students' views 

toward computer game design 

activity 

Quantitative study 200 pre-

service 

teachers 

Interaction between groups allowed 

the achievement of meaningful 

learning through video games 

beyond pure entertainment. 

Bass et al. 

(2016) 

Identifying design principles for 

game design and development 

process. 

Qualitative study. 

Design based 

research 

146 young 

people 

These strategies are organized in 

three categories: (a) instructor 

recruitment; (b) course design; and 

(c) student engagement and 

retention. 

An (2016) Investigating how participants 

created their own computer games 

on the topic of the communism and 

what they learned from the game 

design and play testing processes.  

Qualitative case 

study  

12 secondary 

students 

Most students were highly engaged 

in the game design task. The 

game design project enabled the 

students to experience what it is like 

to be a game 

designer. 

Leonard et 

al. (2016) 

Using robotics and game design 

activity to develop students' 

computational thinking. 

Quasi-

experimental 

design.   

 Grade 8 

students 

Self-efficacy on video gaming 

increased significantly in the 

combined robotics/gaming 

environment compared with the 

gaming-only context. Student 

attitudes toward STEM did not 

change significantly as a result of the 

study. 

Slussareff 

& 

Boháčková 

(2016) 

Comparing effectiveness of 

knowledge acquisition within two 

educational treatments: learning by 

designing an educational location-

based game (experimental group) 

and learning by playing an 

educational location-based game 

(comparison group). 

Quasi-

experimental 

design 

27 

elementary 

students 

The findings revealed positive effect 

of the active approach (designing 

location-based game) within the 

knowledge acquisition. 



Prigmore et 

al. (2016) 

Exploring how different forms of 

motivation affect the students’ 

response to challenges and their 

intention to complete the project. 

Qualitative case 

study.  

3 higher 

education 

students  

It was indicated that the concepts of 

Self-Determination Theory provide a 

suitable framework for for analyzing 

students’ motivations to undertake 

project work. 

Yukselturk 

& Altıok 

(2016) 

Analyzing the effect of computer 

game programming on students' 

views toward computer 

programming 

Mixed study 151 pre-

service 

students 

There were significant increases in 

the mean of the preservice IT 

teachers’ self-efficacy perceptions 

toward computer game 

programming. 

Mercer et 

al. (2017) 

Creating a novel life cycle 

approach to education for 

sustainable development (ESD) 

where the students become “design 

thinkers” 

Qualitative case 

study 

57 higher 

education 

students 

The students enjoyed the creativity 

involved and the process of 

developing the games. 

Gennari et 

al. (2017) 

The study assesses how children 

perform in game design and 

whether they are engaged in design 

tasks. 

Quantitative study 35 students 

(primary 

school) 

It was indicated that the level of 

children’s enjoyment and boredom 

can contribute to the quality of 

children’s products.  

Çakır et al. 

(2017) 

Investigating the short-term 

influence of game design activity  

on young girls' attitudes towards 

CS 

Mixed study 21 

elementary 

and 

secondary 

students  

The findings suggested that the 

workshop resulted in improvements 

in both young girls' attitudes towards 

CS as well as in their self-reported 

confidence and competence with 

computers. 

Ruggiero 

& Green  

(2017) 

Examining game design activity on 

problem solving skill 

Qualitative  study 11 secondary 

students 

The findings showed that the 

students need with problem solving 

in four areas representative, 

planning, characteristics, and 

evaluation characteristics. 

Fisher & 

Jenson 

(2017) 

Exploring the hegemonic 

discourses of female students’ in 

the process of game development 

activity. 

Qualitative  study  39 students 

(between the 

ages 11 and 

16) 

Feminist intervention can have a 

positive impact on girls’ attitudes, 

behaviors and practices toward 

production activities. 

 

 


