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Abstract 

 

Attributes and Motivation in Game-based Learning: A Review of 

the Literature 

 

Jina Kang, M.A. 

The University of Texas at Austin, 2012 

 

Supervisor:  Min Liu 

 

Since the mid-1980s, various educational games have been developed, and their 

popularity has implications for the use of games in the classroom. Although research over 

many years has shown games to be effective in enhancing motivation and improving 

learner performance, studies that connect specific elements of games and learner 

motivation are lacking. This report is a literature review of relevant articles on motivation 

and attributes in game-based learning, including empirical studies and theoretical articles 

from 2009 to present. Based on the attributes presented by Wilson et al. (2009), the game 

environments in these studies are reviewed, with a focus on recent studies and trends 

related to game-based learning. This review also presents an examination of how the 

recent studies conducted their experiments in order to investigate game attributes and 

motivation. The relationship between the attributes and learner motivation is discussed. 

Because of the current lack of research on the relationship between attributes and learner 

motivation in game-based learning, the results of this literature review can provide 

insight into the potential use of game attributes. 



 
 

vii 

Table of Contents 

List of Tables ......................................................................................................... ix 

List of Figures ..........................................................................................................x 

Chapter 1: Introduction ............................................................................................1 
Outline and Purpose of the Report ..................................................................3 
Defining Games ..............................................................................................5 
Defining Game Attributes ...............................................................................6 

Chapter 2: Method .................................................................................................11 

Chapter 3: Findings and Discussion ......................................................................19 
Game-based Learning Environments in the Content Areas  

and Game Attributes .....................................................................................19 
Computer Science ...............................................................................22 
Economics ...........................................................................................23 
Geography ...........................................................................................24 
History….. ...........................................................................................25 
Language.. ...........................................................................................26 
Pathology……… ................................................................................27 
Science…. ...........................................................................................27 
Summary .............................................................................................31 

Research Issues in Game-Based Learning ....................................................33 
Different Research Designs .................................................................34 
Different Strategies ..............................................................................38 

Summary ..............................................................................................40 
Relationship between Game Attributes and Motivation ...............................41 

 Summary ..............................................................................................46 

 

 



 
 

viii 

Chapter 4: Conclusion and Implication for Future Research .................................49 

Bibliography ..........................................................................................................53 

Vita… .....................................................................................................................59 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

ix 

List of Tables 

Table 1: Game attributes and definition ................................................................8 

Table 2: Empirical studies on motivation and game-based learning ..................13 

Table 3: Game-based learning environments in content areas and attributes .....20 

Table 4: Attributes that affect learner motivation ...............................................48 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

x 

List of Figures 

Figure 1. Screenshot of Trade Ruler ......................................................................24 

Figure 2. Screenshot of Frequency 1550 ...............................................................25 

Figure 3. Screenshot of CRYSTAL ISLAND ..........................................................29 

Figure 4. Screenshot of Alien Rescue ....................................................................30 

Figure 5. Screenshot of Taiga ................................................................................31 

Figure 6. Wordcloud of the frequency of game attributes .....................................33 

Figure 7. Core engagement aspects of computer games ........................................45 

 

 

 

 

 

 

 

 



 1 

Chapter 1: Introduction 

Computer games have grown in popularity since the mid-1980s, when computers 

and gaming consoles were first introduced (Young et al. 2012). The number of children 

and adolescents spending time with games has increased. In the United States, 38% of 

students in K-12, reported playing video games on a day in 1999, 52% in 2004, and 60% 

in 2009 (Rideout, Forerh, & Roberts, 2010). In Singapore, 83% of individuals aged 8-15 

were playing video games at least occasionally in 2011 (Gentile et al. 2011). Beyond 

children, teachers and schools have also been immersed in using online games in the 

classroom. Various educational games have been developed to focus on a particular 

subject matter: history (e.g., Assassin’s Creed, Civilization, Frequency 1550), language 

(e.g., HELLO, Hello You, It’s a Deal!), mathematics (e.g., DimemsionM, ASTRA 

EAGLE), and science (e.g., Alien Rescue, CRYSTAL ISLAND, Quest Atlantis, Surge). 

Obviously, the popularity of educational games among students and teachers has shown 

the significance of games in the 21st century. 

Many scholars have asserted that games have several advantages for learning. 

Games are accessible, reasonably priced, and effective substitutions for traditional 

classroom activities (e.g., Belanich, Sibley, & Orvis, 2004; Driskell, & Dwyer, 1984; 

Rieber, 1996; Smith, Sciarini, & Nicholson, 2007). Others pointed out some barriers to 

effective learning via games, claiming that games do not support in-depth learning and 

that both learners and teachers are skeptical of the value of games in the learning 

environments (e.g., Egenfeldt-Nielsen, 2004; Egenfeldt-Nielsen, 2006; Prensky, 2004). 

Nevertheless, the growing popularity over the past two decades of educational games 

reflects the growing interest in using games. 
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Research over many years suggests that games have been effective in enhancing 

motivation and improving learner performance. Before examining this claim, it is 

necessary to offer a definition of motivation and motivated learners. Skinner and Belmont 

(1993) asserted that motivated learners were easy to describe: they were interested, 

engaged, and immersed in what they were doing. In many studies, intrinsic motivation 

focused on the motives derived when learners performed a task for themselves (Malone, 

1981; Malone & Lepper, 1987). Okan (2003) pointed out that intrinsically motivated 

students were willing to learn a subject and to use what they learned more frequently 

afterwards. In contrast, extrinsic motivation involves an extrinsic reward or threat. Some 

researchers argued that extrinsic motivators could distract learners from learning more 

about curricular content outside of the classroom (Greeno, Collins, & Resnick, 1996; 

Maehr, 1976). Nevertheless, both intrinsic and extrinsic motivation are considered to 

have an impact on determining learner behavior and learning outcomes (Deci & Ryan, 

1985; Garris, Ahlers, & Driskell, 2002).  

Many researchers have conducted research to assess the impact of game-based 

learning on educational effectiveness and students. Although Randel, Morris, Wetzel, and 

Whitehill (1992) found that about 40% of studies were reported to favor games over 

traditional teaching methods, about 56% of studies were reported to favor traditional 

methods. Yet, in the past few years, many studies have shown the positive impact of 

games on motivation and learning and also the need to have elements within game-based 

learning to motivate learners. Dede, Ketelhut, and Nelson (2004) asserted that games 

encourage most students to perform better in academic settings. Jonnavithula and 

Kinshuk (2005) provided evidence that games affect learner motivation in a positive way. 

In addition, there has been an increase in attention given to designing game-based 

learning. For example, Barab, Thomas, Dodge, Carteaux, and Tuzun (2005) suggested 
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that the enthusiasm and motivation should be inherent in the educational games in order 

to support students’ learning.  

Despite attempts to prove the effectiveness of games, studies that connect specific 

elements of games and learning effectiveness are lacking. In particular, there are only a 

few studies regarding the relationship between specific elements and specific 

effectiveness of the elements such as whether the relationship is direct, or whether the 

specific impact of a combination of several game elements affects learning (Wilson et al., 

2009). Although researchers and practitioners in the field of game-based learning have 

examined effective attributes with regard to engaging learners, it is not enough to connect 

the elements of games to types of learning (Wilson et al., 2009). In addition, little 

research has indicated the relationship between learner motivation and attributes 

integrated into the games. 

Wilson et al. (2009) reviewed the studies prior to 2009 and defined the game 

attributes from the studies (See the later section, Defining Game Attributes). In this 

report, Wilson and her colleagues’ attributes (2009) will be used to investigate current 

game-based learning environments, as little research has defined new game attributes 

since 1999. Drawing on the attributes of games, the goal of this report is to conduct a 

literature review of articles from 2009 to present that provides findings and insights for 

researchers who are interested in applying those game attributes to enhance motivation in 

game-based learning.  

 

OUTLINE AND PURPOSE OF THE REPORT 

This report is a literature review of relevant articles on motivation and attributes 

in game-based learning, including empirical studies and theoretical articles from 2009 to 

present. The questions guiding this review are: 
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1. What attributes have been adopted by current game-based learning? 

2. What is the relationship between the game attributes and learners’ motivation? 

3. Which game attributes have the bigger impact on learner motivation toward 

learning? 

 

The report describes previous articles focusing learner motivation in game-based 

learning. The attributes and game environments in the studies are reviewed, with a focus 

on recent studies and trends related to game-based learning. This review also presents an 

examination of how the recent studies conducted their experiments in order to investigate 

game attributes and motivation. The relationship between the attributes and learner 

motivation is discussed. The report concludes with some suggestions for game developers 

and researchers. Direction for future research is also discussed.  

Because of the current lack of research on the relationship between attributes and 

learner motivation in game-based learning, the results of this literature review can 

provide insight into the potential use of game attributes based on each educational 

purpose. The result of this report may also provide researchers with insights into 

conducting research as well as insights for practitioners for developing effective game-

based learning environments.  

This review is constrained by several factors. First, some of the studies reviewed 

in this report only described featured-game attributes; therefore it was difficult to 

examine the full range of attributes. In addition, some of the games lack accessibility; for 

example, they do not have a public online space (e.g., website) or require permission for 

access. Finally, the number of games being reviewed in this report is limited by the usage 

of game attributes and trends in current game-based learning. For example, this report 

claims that most the science-related game-based learning is specifically built in a 3D 
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environment; however, this generalization is based on examination of only four science-

related games. 

 

DEFINING GAMES 

Terminology is one of the main sources of confusion in the literature relevant to 

games. Common terms are game, simulation, simulation game, and digital-learning 

games, which are used interchangeably in the education and training field (O’Neil et al., 

2005; Garris et al., 2002). However, it is important to define these terms since each goal 

and feature is different. According to Hays (2005), a game is “an artificially constructed, 

competitive activity with a specific goal, a set of rules and constraints that is located in a 

specific context” (p. 15). Young et al. (2012) mentioned the six features of a game as 

defined by Juul (2005): “(a) a rule-based formal system, (b) variable and quantifiable 

outcomes, (c) different assigned values for different outcomes, (d) an outcome influenced 

by the efforts that the player exerts, (e) players feeling emotionally attached to the 

outcome, and (f) consequences of the activity that are negotiable” (p. 63). Like a game, a 

simulation allows users to have certain goals in a specific context; however, a simulation 

asks users to “attempt to accurately represent a real phenomenon” (Crawford, 1984, p. 8). 

Gredler (1996) defined a simulation as “a dynamic set of relationships among several 

variables that (1) change over time and  (2) reflect authentic causal processes” (p. 523). 

In terms of goals, games and simulations are distinguished separately. While the goal 

structure is linear in games, it is non-linear in simulations (O’Neil et al., 2005). However, 

simulations can contain the same attributes as games (Gredler, 1996; Garris et al., 2002). 

For this reason, the term, simulation game, is used for a medium that combines the 

characteristics of both games and simulations.  
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In terms of educational purposes, Klopfer, Osterweil, and Salen (2009) defined 

digital-learning games as follows: “target the acquisition of knowledge as its own end 

and foster habits of mind and understanding that are generally useful or useful within an 

academic context. Learning games may be associated with formal educational 

environments (schools and universities, online or off), places of informal learning (e.g., 

museums), or self-learners interested acquiring new knowledge or understanding” (p. 21). 

This report will use the term games under the assumptions that games is a broad category 

containing game, simulation, simulation game, and digital-learning games with 

educational objectives. Additionally, this report uses game-based learning to refer to 

learning with games. 

 

DEFINING GAME ATTRIBUTES 

Several attempts have been made to define desirable game attributes for 

educational games, for example, Juul’s six elements (2003): rules, variable quantifiable 

outcome, player effort, valorization of the outcome, attachment of the player to the 

outcome, and negotiable consequences. Garris et al. (2002) suggested six features: 

“fantasy, rules/goals, sensory stimuli, challenge, mystery, and control. Thiagarajan 

(1999) asserted there are four components: conflict, control, closure, and contrivance. 

Walker and Johnson (1993) used four different features: dynamic visuals, interactivity, 

rules, and a goal whereas Malone et al. (1987) focused on these four elements: challenge, 

curiosity, control, and fantasy” (p. 228-229). Recently, Wilson et al. (2009) provided 

several key gaming attributes necessary for learning: (a) adaptation, (b) assessment, (c) 

challenge, (d) conflict, (d) control, (e) fantasy, (f) interaction, (g) 

language/communication, (h) location, (i) mystery, (j) pieces/players, (k) 

progress/surprise, (l) representation, (m) rules/goals, (n) safety, and (o) sensory stimuli. 
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Brief definitions of each attribute are provided in Table 1. As for the gradually growing 

research into learning and teaching with 3D games, 3D multiuser virtual environments 

have been considered as one of the trends in learning and teaching with technology 

(Omale, Hung, Luetkehans, & Cooke-Plagwitz, 2009). According to Alexander (2001), 

one of the most popular media will be a 3D online learning environment in which 

learners can feel “a sense of belonging” (p. 32). Since a 3D game attribute should be 

considered an important factor for learning, it is also included as one of the game 

attributes (see Table 1). 

 

 



 8 

Table 1. 

Game Attributes and Definitions 

Attribute Definition and Findings Reference 

Adaptation Difficulty level. Games must be designed for various learners who have different skill level. 
Depending on the difficulty levels, a variety of learners can be challenged at the designed time 
for each skill level. 

Prensky (2001) 

Assessment The attribute for measuring the learning achievement embedded in games. Three forms of 
assessments: completion assessment, in-progress assessments, and teacher evaluation. There 
are several ways to measure learners’ achievement: tracking performance, tabling comparisons 
of learners’ performance, and providing feedback to learner. While learners play games, 
feedback can be used to inform their progress or provide results of learners’ actions.  

Wilson et al. (2009) 
Chen & Michael (2005) 

Challenge Learners can be motivated by appropriate challenge embedded in games, which can lead to 
creating “motivational tension.” Uncertainty about whether or not they will accomplish goals 
can make learners feel challenged, which can be affected by learner’s actions, multiple goals, 
hidden information, and randomness. 

Driskell & Dwyer (1984) 
Malone (1981)  
Malone & Lepper (1987) 

Conflict Learners can encounter conflict from the interaction within games. Learners can be challenged 
with obstacles, during the process of achieving their goals. Conflict, one of the intrinsic 
elements, can be categorized: “direct or indirect, violent or nonviolent.”  

Crawford (1984) 

Control Learners personalize the interactions with the control attribute embedded in games; for 
example, learners can choose characters’ appearances within games. Learners with games with 
a control attribute attempted more complex strategies compared to learners with games without 
it. 

Harbeck & Sherman (1999) 
Cordova & Lepper (1996) 
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Table 1 (continued) 
Fantasy Fantasy allows users feel separate from real life, to encounter unrealistic images, and to 

immerse themselves in games. In games with educational objectives, fantasy can enable 
learners to be more interested than traditional teaching methods, which can also encourage 
learners to acquire the subject matter more readily.  

Garris et al. (2002)  
Malone & Lepper (1987)  
Driskell & Dwyer (1984) 
Asgari & Kafman (2004)  
Cordova & Lepper (1996)  
Parker & Lepper (1992) 

Interaction Three types of interaction: equipment, interpersonal, and social interaction. In terms of the 
equipment interaction, games can be readily adaptable to learners’ actions. Learners can be 
motivated and challenged to achievement their goals through interaction and relationship 
between learners. The social interaction can encourage entertaining communal gathering by 
producing a sense of belonging. 

Prensky (2001) 
 

Language/Co
mmunication 

Games can have certain communication rules. Verbal and text can be considered as types of 
communication. 

Owen, 2004 

Location Location is considered as an important factor that could affect learners’ experience in the 
game-based learning. The location the game takes place in could be either real or fantasy in the 
bound, unbound, or augmented space. 

Owen, 2004 

Mystery A sense of mystery when there is a confrontation between their previous knowledge and a new 
context. Researchers suggested some conditions that enhance mystery; for example, “novelty, 
complexity, inconsistency, surprise, incomplete information, and the inability to predict the 
future”. The proper amount of complex information only can lead to motivating learners; 
otherwise, learners can be confused by inconsistent information. 

Wilson et al. (2009) 
Malone & Lepper (1987) 
Garris et al. (2002)  
Kagan (1972) 
Garris et al. (2002) 

Pieces/Players Pieces such as avatars, items or human participants can be embedded in the game scenario. Owen (2004) 
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Table 1 (continued) 
Progress/Surp
rise 

Learners complete goals established in the game through different progress. These elements 
can be randomly embedded in the game. 

Owen (2004) 

Representatio
n 

Representation can be interpreted in an opposite way from fantasy in terms of reality, or how 
games replicate the real world. Representation is the physical and psychological similarity 
between a game and the environment it represents. In terms of psychological fidelity, games let 
learners experience the same cognitive process to complete the given task as the real world; for 
instance, leaners can be motivated by taking on the role of a scientist or pilot. 

Crawford (1984) 
Wilson et al. (2009)  

Rules/Goals In order to complete given goals, games can have several types of rules: system rules, 
procedural rules, and imported rules from real world. 

Owen (2004) 

Safety In order to experience reality for learners, games can provide safety. Through games, learners 
can be protected from any frustration or physical loss. 

Crawford (1984) 
Clark et al. (2011) 

Sensory 
Stimuli 

There are two types of sensory stimuli: visual and auditory stimulations. The sensory stimuli 
can have an impact on enhancing fantasy and can be utilized for providing feedbacks to 
learners’ specific performances. Additionally, tactile stimulations can be considered one of the 
sensory stimulations. 

Malone (1980) 

3D 3D multiuser virtual environments: an animated avatar, 3D space, and a bubble dialogue box. 
Learners can interact or communicate with others using avatars. A bubble dialogue box is used 
for a non-linear forum for online synchronous discussion. In 3D space, a symbol system such 
as charts and diagrams may provide an opportunity for a learner to visualize the causal 
relationship of phenomena and perform a comparative analysis. 3D space could include meta-
attributes such as visionary symbol system. 

Omale, Hung, Luetkehans, & 
Cooke-Plagwitz (2009) 
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Chapter 2: Method 

 

This report reviewed the literature relevant to motivation and game attributes in 

game-based learning. The literature review covers research from 2009 to the present 

since other studies (e.g., Wilson et al., 2009) already conducted a review of literature 

related to game attributes and learning outcomes before 2009. The review employed a 

two-phase search. The initial search surveyed the field using the following library 

databases: 

(1) ERIC 

(2) Academic Search Complete 

(3) Communication & Mass Media Complete 

(4) Computer Source 

(5) Library, Information Science, & Technology Abstracts 

(6) PsycARTICLES 

(7) PsycINFO 

(8) Psychology and Behavioral Sciences Collection.  

 

The second search relied on references from collected articles. To identify relevant 

articles, search terms included game-based learning, game learning, game, simulation, 

motivation, engagement, attributes, 3D, three dimension, learning outcomes, 

effectiveness, and achievement, using and and or operators. The search was also limited 

to peer-reviewed journal articles. To be included in the initial search, an article must 

reference games and assess learner motivation.    
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After the initial search, 49 articles were found that dealt with learner motivation in 

game-based learning. The inclusion and exclusion criteria were applied to determine the 

final set of articles for review. These criteria focused on whether the study could provide 

enough information to answer the research questions stated above, as follows: 

(1) focused on game attributes in game-based learning 

(2) integrated game-based learning into the classroom 

(3) focused on learner motivation or engagement in game-based learning   

Studies that did not satisfy at least one of the inclusion criteria were excluded. After 

examining each abstract, 20 articles were found to meet these criteria and were used for 

this literature review. 

After the culling process, the articles were organized into several categories: 

reference, research focus, methodology, number of participants, grade level, game, and 

conclusion, as outlined in Table 2. In order to investigate games and attributes in the 

games, the relevant information was collected from the articles. In Table 3, specific 

information about the games reviewed in this report is investigated. If studies did not 

mention the development process or detailed information about a game, other resources 

such as a website or other related articles were used to investigate a game. Studies that 

demonstrated student motivation in game-based learning but did not emphasize a game 

itself are not shown in Table 3.  

The methodology of the studies reviewed is discussed and authors’ findings and 

claims are evaluated in order to compare the impact of game-based learning on student 

motivation among the different methodologies. Finally, based on the articles’ findings, 

the specific game attributes that proved to affect student motivation are reviewed. The 

identified attributes are then discussed to better understand a trend of game-based 

learning to support student motivation (see Table 2).     
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Table 2 

Empirical studies on motivation and game-based learning  

Reference Research Focus Methodology No. of Participants 
(Grade level) 

Game Conclusion 

Papastergiou 
(2009) 

The effects of type of 
application used on 
students’ achievement 

Mixed 88 students 
(16-17years old) 

LearnMem1 Compared to the non-gaming 
approach, the gaming approach 
promotes and motivates students’ 
knowledge of learning.  

Suh, Kim, & 
Kim (2010) 

The effectiveness of 
MMORPG-based 
instruction in elementary 
English education 

Quantitative Treatment group: 
118 students with 
an English 
MMORPG 
Control group: 102 
students in a face-
to-face classroom 
(5th-6th grade) 

Nori School Students’ prior knowledge, 
motivation for learning, and 
network speed are required factors 
in order to affect achievement in 
English Learning. 
 

Fu, Su, & Yu 
(2009) 

To develop a more rigorous 
scale that assesses user 
enjoyment of e-learning 
games 

Quantitative 85 students 
(Undergraduate) 

Motherboard-
assembly pairing 
game, Game 
involving a 
description of 
computer parts, 
Hands-on OS 
game, Bear-cub’s 
computer game 

In order to assess students’ level of 
enjoyment, the scale measurement 
provided by the researchers is an 
effective tool. 
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Reference Research Focus Methodology No. of Participants 
(Grade level) 

Game Conclusion 

Chang, Peng, 
& Chao 
(2010) 

To examine various 
effective strategies by 
which instructors can both 
integrate games into 
courses and strengthen 
games’ positive influence 
on students’ learning 
motivations 

Quantitative 139 students 
(Undergraduate & 
Graduate) 

SIMPLE Students’ motivation for learning 
plays an important role of the 
students’ acceptance of game-
based learning.  
Instructors’ teaching strategies 
improve students’ motivation for 
playing game-based learning. 

Clark et al. 
(2011) 

The potential of a game that 
overlays popular game-play 
mechanics with formal 
physics representations and 
terminology to support 
students’ learning 

Mixed 208 students in 
Taiwan (8th – 9th 
grade) 
72 students in the 
States (7th grade) 

SURGE Through game-based leaning, 
students are actively engaged in 
learning science concepts across 
multiple countries. 

Charles, 
Bustard, & 
Black (2009) 

To help students reach their 
potential, which includes 
reducing the student 
dropout rate 

Quantitative 68 students 
(Undergraduate) 

Software 
Development1 
(COM158C1) 
Software 
Development2 
(COM164C2) 

Student engagement and 
performance have increased, 
especially at the weaker end of the 
class. 

Charles, 
Bustard, & 
Black (2011) 

To examine the use of a 
game-based feedback 
system that offers reward-
based feedback in the form 
of points and achievements 
for voluntary and non-
voluntary participation 

Quantitative 18students 
(Undergraduate) 

Software 
Development1 
(COM158C1) 

Student participation and 
performance can be improved by 
providing Game-Based Feedback 
(GBF) to students. 

Table 2 (continued) 



 15 

Reference Research Focus Methodology No. of Participants 
(Grade level) 

Game Conclusion 

within classes 

Rowe, 
Shores, Mott, 
& Lester 
(2011) 

To investigate the impact of 
different coaching 
techniques on learning and 
engagement in the 
CRYSTAL ISLAND 
narrative-centered learning 
environment 

Quantitative 153 students (8th 
grade) 

CRYSTAL ISLAND A strong positive relationship 
between learning outcomes, in-
game problem solving and 
increased engagement were found. 
The relationship between learning 
outcomes and engagement held 
even when controlling for students' 
background knowledge and game-
playing experience. 

Huizenga, 
Admiraal, 
Akkerman, & 
Dam (2009) 

To enhance insight into 
both the motivational and 
learning effects of game-
based learning 

Mixed 458 students 
(Middle School) 

Frequency 1550 Students with the game were 
engaged and gained significantly 
more knowledge. No significant 
differences were found between 
the two groups with respect to 
motivation for History. 

Nuillen-Nieto 
& Aleson-
Carbonell 
(2012) 

To provide evidence of 
some of the factors 
influencing the learning 
effectiveness of a serious 
game 

Mixed 55 students 
(Undergraduate) 

It’s a Deal! The game had a small learning 
effect on intercultural awareness 
and a medium learning effect on 
intercultural knowledge; however, 
it had a large learning effect on 
intercultural communicative 
competence. 

Huang, 
Huang, & 

To examine the relationship 
between motivational 

Quantitative 264 students 
(Undergraduate) 

Trade Ruler Both motivational processing and 
outcome processing need to be 

Table 2 (continued) 
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Reference Research Focus Methodology No. of Participants 
(Grade level) 

Game Conclusion 

Tschopp 
(2010) 

processing and outcome 
processing in game-based 
learning 

considered when designing game-
based learning. There may be a 
potential relationship between 
intrinsic motives and extrinsic 
rewards in game-based learning. 

Admiraal, 
Huizenga, 
Akkerman, & 
Dam (2011) 

To investigate student 
engagement in the process 
of gaming and to explain 
effects on game 
performance and student 
learning outcome 

Quantitative 216 students 
(Middle School) 

Frequency 1550 The fewer students were distracted 
from the game and the more they 
were engaged in group 
competition, the more students 
learned about the medieval history 
of Amsterdam. 

Tarng & Tsai 
(2010) 

To use network and 
multimedia technologies to 
build a game-based learning 
system for junior high 
school students to apply in 
learning "World 
Geography" through the 
role-playing game 
approaches 

Mixed 104 students (9th – 
10th grade) 
 

Role-playing travel 
game 

A game-based learning can 
increase students' motivation and 
interest in learning "World 
Geography". The gender of 
students and their habits in using 
the Internet have no significant 
impact on learning. 

Liu, Cheng, 
& Huang 
(2011) 

To address the relationship 
between the learning 
experience states and the 
problem solving strategies 
by focusing on examining 
whether the learning 
experiences play a role in 

Quantitative 110 students 
(Undergraduate) 

Train B&P The students' intrinsic motivation 
was enhanced when they learned 
with the simulation game. The 
students when learning 
computational problem solving 
with the game were more likely to 
perceive a flow learning 

Table 2 (continued) 
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Reference Research Focus Methodology No. of Participants 
(Grade level) 

Game Conclusion 

the exploratory behaviors of 
the problem solving activity 

experience than in traditional 
lectures. 

Kanthan 
(2011) 

To examine the 
effectiveness of the use of 
specially designed digital 
games for student 
satisfaction and for 
measurable academic 
improvement 

Quantitative 114 students (1st 
year 
undergraduate)  
71 students (2nd 
year 
undergraduate) 

Path to Success 
The Path is Right 

Games-based learning in 
undergraduate pathology courses 
showed improved academic 
performance as measured by 
examination test scores with 
increased student satisfaction and 
engagement. 

Barendregt & 
Bekker 
(2011) 

To examine the in situ use 
of and opinions about an 
educational computer game 
for learning English in three 
schools offering different 
levels of freedom to choose 
school activities 

Mixed 100 students (10-
12 years old) 

Hello You The level of choice as one of the 
important aspects to consider when 
introducing a game in the 
classroom. 

Liu & Chu 
(2010) 

To investigate how 
ubiquitous games influence 
English learning 
achievement and 
motivation 

Mixed 64 students (7th 
grade) 

HELLO Incorporating ubiquitous games 
into the English learning process 
could achieve a better learning 
outcomes and motivation than 
using non-gaming method. 

Barab et al. 
(2009) 

To investigate how game-
based methodologies and 
technologies influence 
students’ learning 

Mixed 51 students 
(Undergraduate) 

Taiga in Quest 
Atlantis 

Students who experienced the 
game (immersive-world condition) 
performed significantly better than 
others on standardized test items. 

Table 2 (continued) 
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Reference Research Focus Methodology No. of Participants 
(Grade level) 

Game Conclusion 

Liu, Horton, 
Olmanson, & 
Toprac (2011) 

To examine students’ 
learning and motivation, 
and the relationship  

Mixed 220 students (6th 
grade) 

Alien Rescue  

 
 

Table 2 (continued) 
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Chapter 3: Findings and Discussion 

 

GAME-BASED LEARNING ENVIRONMENTS IN THE CONTENT AREAS AND GAME 
ATTRIBUTES  

This section addresses the first research question by describing what kinds of 

attributes have been adopted by current game-based learning. One of the key purposes of 

this report is to investigate what kind of game attributes are currently adopted and to 

provide information on each attribute to support development of game-based learning 

with specific educational goals. Therefore, this report first presents the game-based 

learning environments used in the empirical studies and the attributes that researchers 

primarily discussed in the studies. The review phase, however, finds that several studies 

did not specifically refer to their game-based learning environments. In order to 

investigate those learning environments specifically, the game attributes were analyzed 

by visiting their webpages, if the games are public. 

This report presents the kinds of game attributes that were used in the game-based 

learning environments, in order to analyze any distinguishable different usage of 

attributes depending on the content areas. The games reported by the empirical studies 

covered various content areas: computer science, economics, geography, history, 

language, pathology, and science. In order to investigate games and the game attributes, 

this study used the 16 game attributes defined by Wilson et al. (2009) and the 3D game 

attribute (see Table 1). An overview of the games and game attributes that have been 

studied from 2009 to date is provided in Table 3. 
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Table 3 

List of game-based learning environments and attributes in content areas 

Subject Title Description Grade Attributes 

Computer 
Science 

TrainB&P  3D Simulation game 
Study programming 
knowledge 

Undergra
duate 

Piece, Representation, 
Location, Rule, Goal, 
Interaction, Conflict, 
3D 

Computer 
Science 

LearnMem1 Study basic computer 
memory concepts 

High 
school 

Adaptation, 
Assessment, Rule, 
Goal, Fantasy, 
Interaction, Control, 
Mystery, Conflict 

Economics Trade Ruler Online Flash game 
(http://nobelprize.org/e
ducational_games/econ
omics/trade/) 

Undergra
duate - 
Adults 

Assessment, 
Interaction, Location, 
Control, Player, Piece, 
Sensory stimuli, Rule, 
Goal, Representation, 
Progress, Challenge, 
Conflict 

Geography Travel game Role-playing game 
Study world geography 

High 
School 

Fantasy, Sensory 
stimuli, Challenge, 
Mystery, Control, 
Rule, Goal, Location, 
Representation, 
Adaptation, 
Interaction, Piece, 
Conflict 

History Frequency 
1550 

Location-based 
technology 
Study medieval 
Amsterdam 
(http://freq1550.waag.o
rg/) 

Middle 
School  

Assessment, 
Challenge, 
Communication, Goal, 
Location, Piece, 
Player, Fantasy, 
Representation, Rule, 
Sensory stimuli, 
Conflict 
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Subject Title Description Grade Attributes 

Language It’s a Deal! Serious game  
Study business English 

Undergra
duate 

Challenge, 
Assessment, 
Interaction, Piece, 
Player, Control, Rule, 
Goal, Conflict 

Language Nori School Study English 
Learning Management 
System including 
MMORPG game, 
community, and 
learning materials 

Elementa
ry School 

Challenge, Adaptation, 
Assessment, Piece, 
Player, Interaction, 
Communication, 
Language, Assessment, 
Conflict 

Language Hello You Study English Elementa
ry School 

Assessment, 
Interaction, Rule, Goal, 
Piece, Communication 

Language HELLO Ubiquitous computing 
technology 
Study English 

High 
School 

Progress, Sensory 
stimuli, Interaction, 
Communication, 
Language, 
Representation, 
Control, Location 

Pathology Path to Success Study Pathology 
courses 

Undergra
duate 

Interaction, Rule, Goal, 
Progress, Assessment, 
Challenge, Sensory 
stimuli, Conflict 

Science-
Physics 

SURGE Unity 3D game engine 
Conceptually-integrated 
game 
Study Newtonian 
mechanics 

7-9 grade Adaptation, Challenge, 
Control, Goal, Piece, 
Player, Progress, 
Interaction, 
Representation, Safety, 
Sensory stimuli, 3D 

Table 3 (continued) 
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Subject Title Description Grade Attributes 

Science-
Biology 

CRYSTAL 
ISLAND 

Narrative-centered 
learning environment 
3D game platform 
(http://www.intellimedi
a.ncsu.edu/ci8.html) 

Middle 
School 

Adaptation, 
Assessment, 
Communication, 
Interaction, Language, 
Location, Mystery, 
Fantasy, 
Representation, 
Sensory stimuli, 
Conflict, 3D 

Science-
Astronomy 

Alien Rescue  
Unity 3D game 
platform 
 

Middle 
School 

Representation, 
Challenge, Fantasy, 
Interaction, Sensory 
stimuli, Control, Rule, 
Goal, Piece, Mystery, 
Conflict, 3D 

Science- 
Ecology 
 

Taiga, 
Quest Atlantis 
 

Multi-user virtual 
environment 
Study water quality 
concepts 

Elementa
ry – 
Middle 
School 

Interaction, Location, 
Player, Rule, Goal, 
Communication, 
Representation, Piece, 
Sensory stimuli, 
Challenge, 
Assessment, Conflict, 
3D 

 

Computer Science 

Among the articles this report reviewed, two studies dealt with computer science. 

First, LearnMem1 was developed using the game creation tool, Game Maker 6.0 

(http://www.gamemaker.nl/) and designed to introduce high school students to basic 

computer memory (Giakoumakis, Gyrtis, Belesiotis, Xynos, & Stergiopoulou-Kalantzi, 

2002; Papakonstantinou, Tsanakas, Kozyris, Manousopoulou, & Matzakos, 1999). It 

incorporated hypermedia-learning materials in an online game environment, using 

Table 3 (continued) 
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relevant questions with different levels of difficulty. This game incorporates the 

following attributes: adaptation, assessment (e.g., true or false and multiple-choice 

questions), challenge, control, fantasy, interaction, pieces (e.g., bonus items), conflict, 

and sensory stimuli (Papastergiou, 2009). 

 The game, Train B&P (Train: Build and Program it), was designed to help 

undergraduate students gain programming knowledge (Liu, Cheng, & Huang, 2011). The 

learners program a railway model in a simulated 3D environment using their experience 

in the real world. Since the micro-world was developed to help learners understand the 

effects of their actions in the game, learners can get feedback about their actions and 

think about how their actions will help solve the problem. The game integrates the 

following attributes: 3D, pieces, representation, location, conflict, rules, goals, and 

interaction.  

 

Economics 

The Trade Ruler game, developed by the Nobel Prize Foundation, is accessible 

online and compatible with Flash Player 6. The target audiences are both undergraduate 

students and adults. The game aims to teach economic theories and why countries need to 

trade with each other (Huang, Huang, & Tschopp, 2010). Learners take the role of a trade 

ruler of an island that has different conditions such as labors’ abilities. The learners have 

to manage the island’s production (see Figure 1). In order to strengthen the island’s 

welfare, the trade ruler must decide what to trade with other partners. The attributes of 

the game are as follows: assessment, interaction, conflict, location, control, players, 

pieces, sensory stimuli, representation, challenge, and progress. 
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Figure 1. Screenshot of Trade Ruler 

(http://nobelprize.org/educational_games/economics/trade/) 

Geography 

The travel game adopts the input-process-outcome game-based learning model, in 

which “users are engaged in repetitive play and continually return to the game activity 

over time” (Garris et al., 2002, p. 445), as a theoretical basis and also contains a role-

playing approach (Tarng & Tsai, 2010). In the travel game environment, learners travel 

around the world in order to learn world geography (see Figure 2). The learners 

eventually reach the final contest by completing given tasks and collecting items. As self-

travelers, learners’ status can vary according to the game’s rules: experience, food in-

take, sleep, physical strength, and so on. The game includes several game characteristics: 

fantasy, rule/goal, sensory stimuli, challenge, mystery, and control. Beyond these 

characteristics, other game attributes such as location, representation, adaptation, 

interaction, conflict, and piece are also incorporated. 
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Figure 2. Screenshot of Freq 1550 (http://freq1550.waag.org/) 

History 

The Waag Society developed the Frequency 1550 game, in which learners use the 

Internet, smart phones, videophones, and GPS technology to learn about the history of 

medieval Amsterdam (Young et al., 2012). There are two different teams in a group: a 

city team (CT) that explores a city with GPS data and a headquarters team (HQT) that 

collects information and guides the city team. Each group’s success is evaluated by how 

many points it acquires. The highest scoring team is given higher status with different 

rights and status (e.g. a beggar or a merchant). The game attributes adopted in the game 

are as follows: assessment (e.g., multiple-choice questions and quizzes), communication, 

conflict, goal, location, fantasy, pieces (e.g., points and days of citizenship), players, 

representation, rule, and sensory stimuli. 
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Language 

Nori School is a learning management system that consists of a community, 

learning material, and a massive multiplayer online role-playing game (MMORPG). Nori 

School offers 188 modules with numerous English storybooks (Suh, Kim, & Kim, 2010). 

A learner in the role-playing game must save a village by completing tasks such as 

hunting monsters, acquiring items, and solving questions. Nori School adopted several 

game attributes to engage learners’ attention and learning motivation: adaptation, 

assessment, communication, language, challenge, interaction, pieces, players (e.g., 

reward items, and avatars), goals, conflict, and sensory stimuli.   

Malmberg educational publishers launched the Hello You game as an addition to 

Hello You magazine, which helps primary school learners learn English. The Hello You 

game aims to enhance learners’ vocabulary and consists of a variety of activities: quests 

and 21 mini games such as finding hidden words. Learners can navigate in the game and 

collect information to complete given quests by finding objects, such as words or people. 

There are non-player characters who offer mini games, which range from educational to 

non-educational. By playing the games, learners can acquire items needed to complete 

the quests. Hello You adopted the following attributes: assessment, interaction, 

communication, rule, goal, and pieces. 

Another game, HELLO, is a ubiquitous learning environment with sensors, 

augmented reality, the Internet, ubiquitous computing, and information technologies (Liu 

& Chu, 2010). Learners can utilize PDA phones that are wireless- enabled to perform 

learning activities and collect information through Quick Response (QR) code tags (e.g., 

the location of the relevant learning content), which are attached to information boards on 

the wall of the specific learning zone. In order to improve learners’ English listening and 

speaking skills in the ubiquitous learning environment, the game offers several game 
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attributes: progress, sensory stimuli, interaction, communication, language, 

representation, and control.  

The It’s a Deal! game is a business simulation game developed with the 

adventure game engine, Visionaire Studio 3.0. The game is designed for business English 

learners. According to Guille’n-Nieto and Aleson-Carbonell (2012), in the game 

environment, students must know each culture’s rules and practice the rules in terms of a 

business transaction and deal with decision-making and problem solving tasks in a 

realistic business situation. It’s a Deal includes the following attributes: challenge, 

conflict, interaction, assessments (e.g., puzzles), pieces (e.g., items), players (e.g., 

avatars), rule, goal, and control. 

Pathology 

Path to Success was designed for undergraduate students seeking an education in 

medicine. The game is one of a series of three pathology games, which include a 

vocabulary word scramble, multiple choice, and matching and fill-in-the-blank questions. 

In Path to Success, learners are in a virtual life or death situation and need to answer 

questions in order to save the patient’s life. The attributes adopted in Path to Success are 

as follows: interaction, rule, goal, progress, assessment, challenge, conflict, and sensory 

stimuli. 

Science 

Physics 

The SURGE physics game is a conceptually integrated game that integrates actual 

movement and mechanics from popular commercial games such as Tiger Woods PGA, 

Mario Galaxy, and Orbz (Clark et al., 2011). According to Clark and Martinez-Garza 

(2012), learners spend more time interacting with core activities in conceptually 
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integrated games than navigating and exploring inquiry locations to activities in 

conceptually-embedded games. SURGE was built in the Unity 3D game engine and 

embedded the following game attributes (Clark et al., 2011): adaptation, challenge, 

control, pieces/players (e.g., avatars and reward items) progress, interaction, 

representation, safety, and 3D.  

Biology 

CRYSTAL ISLAND is a narrative-centered learning environment built in a 3D 

game platform (see Figure 3), which is designed to support classroom instruction (Rowe, 

Shores, Mott, & Lester, 2011). In the game environment, the learner visits her sick father 

on a remote island and eventually becomes a hero who saves the island’s research team 

members, who are also sick. Learners have to solve the mystery illness in the game and 

can study microbiology while playing the game. The attributes adopted in the game are as 

following: adaptation, assessment (e.g., multiple choice questions), 

communication/language (e.g., dialogue), conflict, interaction, location (e.g., remote 

island), mystery, fantasy, representation, sensory stimuli, and 3D. Beyond these elements, 

one of the interesting elements is disengagement that is designed to characterize 

engagement while learners interact with the game. For example, learners can be 

disengaged when their behaviors are classified as off-task if they are inactive, interacting 

extensively, or climbing on trees or buildings.   
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Figure 3. Screenshot of CRYSTAL ISLAND (http://www.intellimedia.ncsu.edu/ci8.html) 

Astronomy 

Alien Rescue is an online problem-based learning environment, built in a 3D 

game platform. In the game, learners are placed in the international space station to meet 

a group of six alien species that ask learners to find new worlds since their worlds have 

been destroyed. To solve the problem, learners play the role of a scientist. Each species 

has different characteristics. Learners collect information from several places such as a 

probe design room, solar system database, or concept database to figure out which world 

in the solar system could be an appropriate home for each species. After learners collect 

information about each species and solar system, they can send a probe to selected 

planets or moons to see if they made the right choices to save each species. Finally, 

learners can write up recommendations. The game adopted several game attributes in 
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order to immerse learners in the game. The attributes include representation, challenge, 

conflict, fantasy, interaction, sensory stimuli, control, rule, goal, piece, mystery, and 3D.  

 

Figure 4. Screenshot of Alien Rescue (http://alienrescue.net /) 

Ecology 

Taiga is a game-based, multi-user virtual environment, which is one unit in Quest 

Atlantis (http://atlantisremixed.org). Learners need to solve a water quality problem. In 

this game, the population of fish in the river at the Taiga virtual park is decreasing. 

Learners play the role of a field investigator and collect clues to figure out what is 

happening in the river. During the problem solving process, the players interact with 

other players and interview non-game players, such as park visitors and a logging 

company. After they write up their own solutions, they can explore the near future to see 

if their solutions work. There is a final chance to write up a better solution and travel to 

the future in order to see the results of their solution. The attributes integrated into the 

game are as follows: conflict, interaction, location (e.g., Taiga virtual park), player (e.g., 



 31 

avatars), rule, goal, communication, representation, piece, sensory stimuli, challenge, 

assessment (e.g., quizzes) and 3D.  

 

Figure 5. Screenshot of Taiga (http://atlantisremixed.org/) 

 

Summary 

In summary, this section reviewed the game-based learning environments in 

content areas of the current empirical studies from 2009 to present, specifically 

examining the purpose of each game, target users’ grades, and game attributes. Fourteen 

games were included in these empirical studies. The target users ranged from elementary 

to graduate students. Various subject matters were developed to integrate game-based 

learning into the classroom including: computer science, economics, geography, history, 

language, pathology, physics, biology, astronomy, and ecology. Based on this review of 

the literatures, it seems that numerous educational games have been developed in many 
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K-12 subject areas and that researchers and educators have been trying to incorporate 

such games into traditional classrooms.  

In Figure 6, a word cloud that is a visual representation of the frequency of each 

game attribute featured in the games is provided. Interaction, which has the highest 

frequency among the attributes, is considered to be the most important and necessary 

attribute in the development of game-based learning (Prensky, 2001). On the other hand, 

the safety, fantasy, mystery, and language attributes are adopted less often than other 

attributes in the game-based learning environments. The representation attribute is 

incorporated in most games and is strongly asserted by researchers as a main feature. The 

role-playing feature especially, which is adopted in most of the games, allows learners to 

experience the cognitive process to solve given tasks as those in the real world and evoke 

learner motivation and curiosity. The 3D attribute is also adopted for the purpose of 

allowing learners to experience a simulation of the real world. The piece attribute is also 

considered as one of the main motivators; for example, extrinsic rewards or items are 

some necessary elements for the motivation development in game-based learning. In 

general, although some attributes (e.g., fantasy, language, mystery, safety) are adopted in 

only a few games, regardless of the subject matter, most of the attributes were considered 

as important elements for learner motivation across all studies. 
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Figure 6. Word cloud of the frequency of game attributes 

 

RESEARCH ISSUES IN GAME-BASED LEARNING 

This section focuses on describing different issues and findings of the empirical 

studies primarily interested in motivation and engagement. Based on the review of 20 

studies, various research that employed different designs and different strategies were 

identified.  

First, some researchers conducted research with a group of students in game-

based learning and a comparison group of non-game-based learning students. 

Comparisons between game-based learning and traditional classrooms were also 

conducted. Other studies compared students between pre- and post- use of game-based 

learning environments. Second, some studies focused on different strategies. Some 

empirical studies analyzed several teaching strategies in the same context of game-based 



 34 

learning environments. Research considering different levels of choices was examined. 

Therefore, this section presents two categories of different research designs and different 

strategies: first, game-based learning vs. non-game-based learning, game-based learning 

vs. traditional classroom, pre and post experiment, and second, different teaching 

strategies and different levels of choice setting. The purpose of presenting these various 

research issues is to determine the specific setting for particular target learners. 

 

Different Research Design 

Game-based learning vs. Non-Game-based learning 

Papastergiou (2009) compared an application with gaming aspects to an 

application with non-game aspects. The results revealed that learners using the gaming 

application were more engaged, effective, and active than learners using the non-gaming 

application. The author quoted a learner’s saying; “You never get bored as in traditional 

teaching because you concentrate on a goal” (p. 10). Some learners also suggested the 

improvements of the game such as game graphics (e.g. 3D graphics), sounds, music, 

more adventurous plots, and a variety of activities. Papastergious (2009) argued that even 

though the improvements could encourage learners’ motivation, they also might distract 

learners from concentrating on study.  

In Barab et al. (2009), a mixed-method research was used to investigate learners 

assigned to four different groups: an expository textbook condition, a simplistic framing 

condition, an immersive world condition, and a single-user immersive world condition. 

The first group used an electronic textbook on a website in which there were four 

separate activities related to water quality problems. The second group used a website 

that contained the same content as the environment of the third and fourth group, which 
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was an immersive world environment; however, the second group could get information 

in any order they selected, while the other groups could read information sequentially. 

The third and fourth groups used the immersive world, Taiga. As a result of the 

experiment, the third and fourth group showed that not only were the learners absorbed in 

the role of helping the world of Taiga, but also the learners performed significantly better 

on both standardized test items and performance-based tasks than other groups. Barab 

and his colleagues (2009) pointed out the situation of current science education, in which 

learners are passive and memorize scientific concepts and facts and suggested that an 

immersive virtual world could help learners’ achieve deep and transferable learning.      

   

Game-based learning vs. Traditional classroom 

The following studies compared traditional face-to-face classroom learning to 

game-based learning. Suh et al. (2010) found learners in massive multi-player online 

role-playing game outperformed learners in a traditional classroom. In this study, 

motivation was one of the influential factors for effective learning; however, the 

researchers argued that a specific environment (e.g. network speed) was necessary for 

improving learners’ motivation.  

Huizenga, Admiraal, Akkerman and Dam (2009) conducted quasi-experimental 

design research in two groups: a group who played the mobile history game, Frequency 

1550, and a group who attended regular lessons. They found that in terms of motivation 

for learning history, there was no significant difference between the two groups, whereas 

learners who played the game were more engaged and gained more content knowledge. 

They suggested that their definition of motivation could be the reason for the lack of 
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significant difference, which was more focused on the motivation for learning history 

than on engagement or fun. 

Tarng and Tsai (2010) also conducted a quasi-experiment using the counter-group 

pretest-postest design. Both the experimental group and the control group were taught by 

the same teacher with the same teaching material. However, the experimental group used 

a game to review what they learned after school while the control group used their own 

methods. The results showed that most learners who used the game were satisfied with 

the game-based learning as follows: learning motivation and interest (4.0) and reduction 

of learning pleasure (4.03) based on a five-point Likert scale.       

Using the u-learning (ubiquitous-learning) environment, HELLO, Liu and Chu 

(2010) conducted a quasi-experimental study with two groups: a control group with a 

non-gaming environment and an experimental group with a gaming environment. They 

designed different curricula for the two groups; for example, the control group used 

printed materials and audio CDs, whereas the experimental group employed HELLO to 

play games embedded in the environment. They found that there were significant 

differences in learners’ curiosity and interest toward learning between the two groups. 

The results revealed that learners who used the ubiquitous game demonstrated stronger 

motivation for attention, relevance, confidence and satisfaction and indicated a positive 

relationship between learning outcomes and motivation.    

Liu et al. (2011) conducted an empirical study to compare the learning experience 

of traditional lectures with the TrainB&P simulation game. They explored the learners’ 

motivation as associated with the learning activities in the two different environments. As 

a result of the experiment, the learners’ intrinsic motivation toward learning (mean = 

3.95, S.D. = .6) was higher than the traditional environment (mean = 3.73, S.D. = .52). 

The result showed that the learners using the game tended to learn more and to be more 
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intrinsically motivated when they actively solved the problems based on intrinsic 

motivation. 

 

Pre- and Post-Experiment 

 Rowe et al. (2011) conducted pre-curriculum tests and post-experiments including 

questionnaires to measure learners’ in-game action. This action included in-game quiz 

questions, character interactions, overall mystery solution, pathogen labeling activities, 

and a final game score calculated by the CRYSTAL ISLAND software to evaluate 

learners’ progress and efficiency. Learners with more prior content knowledge seemed to 

be more engaged with the game; however, the researchers proposed that the results 

indicated different meanings for the different measures for engagement: presence, 

situational interest, and final game score. Regardless of the prior content knowledge, 

learners who were more engaged in the narrative environment gained more learning 

experience than other learners who were not engaged in the environment. Additionally, 

the researchers suggested that if learners experience greater presence in the game 

environment, they could be more motivated to complete their goals, pay attention to 

learning interactions, and engage deeply in the learning processing.    

 Using the It’s a Deal! game, Guille’n-Nieto and Aleson-Carbonell (2012) 

conducted  mixed-method research with 55 undergraduate learners. They collected 

qualitative and quantitative data from pre- and post-questionnaires and informal 

observations of the learners playing the game. Through informal observations, they found 

that learners were engaged and immersed in the game and also seemed to be very 

enthusiastic. It could be implied that the learners were motivated and fully involved in the 

game experiment.  
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 Liu, Horton, Olmanson, and Toprac (2011) conducted mixed-method research in 

order to investigate the effects of a new media-enriched problem-based learning 

environment on science learning, motivation, and their relationship. They reported that 

most learners were motivated to use Alien Rescue and significantly increased their 

posttest scores as compared to pretest scores after using the game. In terms of the 

relationship between motivation and learning, the researchers found a significant 

relationship between learners’ motivation scores and their science knowledge posttest 

scores. 

 

Different strategies 

Different teaching strategies 

Different teaching strategies were applied to investigate their effects on learners’ 

motivation. Chang, Peng, and Chao (2010) identified four specific principles to help 

teachers integrate games into the classroom and to strengthen their positive influence on 

learners’ learning motivation: 

(1) Challenges: The contents of the game need to be challenging in order 

to arouse learners’ curiosity. 

(2) Competition: So that learners’ motivation remains high, either 

individual learners or groups need to compete with each other. 

(3) Cooperation: The design of the game should help learners to develop a 

sense of ‘work as a team and win as a team’. 

(4) Authentic tasks: The game should incorporate authentic, real-world 

cases, instead of textbook-like materials (p. 322). 
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In the study, different strategies that applied these four principles were used for three 

different courses in which learners played the same game. In two courses, teachers set the 

game to the single-player mode, while the other course was set to the multi-player mode. 

They reported that learners showed higher motivation in the course designed to 

encourage learners’ competition in a cooperative learning environment than in the other 

two courses. On the other hand, they argued that different integration planning between 

courses led to different learner interests toward learning.  

 

Different levels of free choice 

 Barendregt and Bekker (2011) conducted mixed-method research on three 

different levels of free choice: free-choice learning activities, free-choice learning 

activities within boundaries, and no-choice learning activities. To determine choice, the 

first group of learners were asked whether they wanted to play the game and could decide 

to play the game by themselves. The second group of learners were asked if they were 

interested in the game and then scheduled to play the game. The third group of learners 

played the game in the classroom. Learners who were offered only limited-choice (Group 

2) or no free-choice (Group 3) were more interested in playing the game than learners 

who were offered only free-choice learning activities (Group 1). The learners in Group 3 

were the only ones who were eager to keep playing the game outside the classroom. 

Barendregt and Bekker (2011) pointed out that the explorative study had some limitations 

since they used one specific game with small samples of learners; for example, learners 

who are initially less interested in a specific game can become more interested when a 

large group plays.     

 



 40 

Summary 

In order to investigate motivation in game-based learning, this section presents the 

findings based on two categories of different research designs and different strategies, 

using the following subcategories: (1) game-based learning versus non-game-based 

learning, (2) game-based learning versus traditional classrooms, (3) pre- and post-

experiment, (4) different teaching strategies, and (5) different levels of free choice. First, 

compared to learners involved in non-game-based learning, game-based learners research 

suggests that engaged and motivated regardless of the use of computer applications. Even 

though all students were exposed to the computer-based learning environments, students 

who were placed in the game-based learning environments were shown to be more 

engaged and motivated in learning. Second, learners in the game-based learning 

environments research suggests that more motivated and engaged in gaining knowledge 

than learners in the traditional classroom environments. Third, game-based learning 

designed to encourage competition and cooperation can highly motivate learners. Fourth, 

authentic narrative and presence embedded in game-based learning could spark learners’ 

motivation and learning performance; motivation and learning are significantly related to 

each other. Finally, learners’ autonomy or level of choice can affect learners’ motivation. 

In order to encourage learners’ motivation, it might be necessary to have proper 

restrictions or boundaries. Despite the range of topics across these studies, all of their 

results show that game-based learning can engender learner motivation and lead to better 

learning performance. Overall, this result can provide insights that educators and game 

developers can use to figure out what is a proper setting for specific target learners. 
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RELATIONSHIP BETWEEN GAME ATTRIBUTES AND MOTIVATION 

In the previous sections, this report first reviewed the game attributes and game-

based learning environments and then the different issues and findings of the current 

game-based learning research areas related to motivation. This section only discusses 

studies that focus on the connection between game attributes and motivation. The 

primary goal of this section is to connect to the results previously found and to address 

the second research question regarding the relationship between game attributes and 

learner motivation in order to provide implications and recommendations in the 

subsequent chapter. Additionally, this section highlighted the status of current studies on 

motivation in game-based learning; specifically, the number of studies that dealt with the 

relationship between learner motivation and game attributes, the types of current interests 

in game-based learning research, and the specific needs for further studies in game-based 

learning research. 

First, two studies focused on the learner enjoyment of games. Sweetser and 

Wyeth (2005) developed criteria to evaluate learner enjoyment of games, which included 

an evaluation checklist for influential factors such as goal, control, challenge, and 

feedback. Fu, Su, and Yu (2009) applied these concepts to develop more rigorous criteria 

and evaluated learners’ enjoyment cognition with four different types of games that 

contained different levels of content. Eight factors were assigned to assess the enjoyment 

scale (Fu et al., 2009, p. 105):  
 
(1) Concentration: games must provide activities that encourage the player’s 

concentration while minimizing stress from learning overload, which may lower 

the player’s concentration on the game.  

(2) Clear goal: tasks in the game should be clearly explained at the beginning.  
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(3) Feedback: feedback allows a player to determine the gap between the current 

stage of knowledge and the knowledge required for ultimate completion of the 

game’s task.  

(4) Challenge: the game should offer challenges that fit the player’s level of skills; 

the difficulty of these challenges should change in accordance with the increase in 

the player’s skill level.  

(5) Autonomy: the learner should enjoy taking the initiative in game-playing and 

asserting total control over his or her choices in the game.  

(6) Immersion: the game should lead the player into a state of immersion.  

(7) Social interaction: tasks in the game should become a means for players to 

interact socially.  

(8) Knowledge Improvement: the game should increase the player’s level of 

knowledge and skills while meeting the goal of the curriculum.  

Fu et al. (2009) provided evidence that the enjoyment scale was both valid and reliable 

and each game had different enjoyment scales. The results show that no matter how 

technically advanced a game is, if the game had clearly stated goals, learners could attain 

a high score on the knowledge improvement scale. The researchers recommended that 

both competition and collaboration elements were necessary to complete students’ 

learning experience. 

Rowe et al. (2011) stated that if a game integrates content, narrative, and 

gameplay, it could have an impact on the relationship between learning and engagement. 

Specifically, they demonstrated that narrative elements play an important role in the 

relationship between learning and engagement. In the game CRYSTAL ISLAND, the 



 43 

narrative motivated learners to solve their tasks, which were not only simple but also 

sufficient in not distracting learners from the learning goals. Finally, they suggested that a 

well-designed story and elements are necessary in order to lead learners to concentrate on 

games and tasks. 

Tarng and Tsai (2010) showed that game-based learning could reduce pressure on 

learning, which encourages learner interest and motivation. Specifically, in their travel 

game, they investigated several features that promote learners’ positive attitudes such as 

the website design, billboard, problem report, and the challenge tasks. Additionally, they 

suggested that various situations, themes, or narratives in the game environment could be 

considered influential factors contributing to learners’ attitudes.  

Compared to other games reviewed in this report, the Hello You game had fewer 

game attributes: assessment, interaction with system, and pieces. Based on their research 

findings, Barendregt and Bekker (2011) suggested that communication, interaction and 

sensory stimuli attributes that allowed learners to talk to each other and to see other 

players in the game environment would be helpful in sustaining learner interest.  

 Huang et al. (2010) argued that the Trader Ruler game enables learners to be fully 

motivated and to have better learning outcomes because there are interaction components 

that arise between learners, the game itself, and multimedia components. They also 

pointed out that the novel content of the game motivates learners regardless of their prior 

knowledge. Some studies in game-based learning have suggested that the reward system 

enables learners to sustain their motivation; for example, in some studies, learners tended 

to choose a lower level of difficulty in order to acquire rewards or scores. As in the 

previously mentioned studies, learners who played the Trader Ruler game reacted to 

extrinsic motives if they saw the scores of other learners among peer players (Huang et 

al., 2010).  
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 Barab et al. (2009) investigated the level of learner engagement with the game-

based, multi-user virtual environment, Taiga. In this game, learners used avatars to 

interact with other game players, which indicated that avatars led learners to engage with 

their experience in the virtual space. Some learners suggested that having more 

interactivity between a user and a game would have enhanced the learners’ engagement 

with the game. Additionally, learners who played the game reacted to the representation 

attribute integrated into the game; for example, they felt real or authentic while they were 

in communication with other game players in the virtual environment.  

 Liu, Toprac, and Yuen (2009) found that several attributes incorporated in Alien 

Rescue triggered learners’ curiosity and notions of fantasy, specifically, the role-playing 

as a scientist, the challenge of solving problems, the goal of saving aliens, and the 

sensory environment. This finding is related to prior studies that showed that challenge, 

curiosity, control, fantasy, and relatedness can improve learners’ intrinsic motivation. The 

researchers also suggested that the use of optimal just-in-time feedback in a problem-

based learning environment can be helpful for learning. 

Uncertainty is also considered as one of the effective attributes in game-based 

learning. Howard-Jones and Demetriou (2009) conducted research to determine whether 

uncertainty was an important motivational element in the game-based learning. 

Regardless of age, the results showed that when elements of gaming uncertainty were 

included, learners’ affective response to game-based learning was higher, which could 

prove that engagement with the learning is enhanced. The researchers suggested that 

uncertainty attributes could transform the emotional experience of learning to improve 

engagement.     

Feedback was also shown to improve learner motivation in the study conducted 

by Charles, Bustard and Black (2008). They first identified forty engaging and motivating 
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aspects of game design in six core dimensions: structure, identity, challenge, feedback, 

social and fun (see Figure 7). Charles et al. (2010) mentioned that timely feedback was a 

fundamental component that learners need to get during the process of a game in order to 

improve learners’ motivation and engagement. After conducting their research, they 

concluded that avatar attributes and virtual worlds could be used for enhancing 

educational feedback and learners’ engagement. 

 

 

Figure 7. Core engagement aspects of computer game (Charles, Charles, McNeil, 

Bustard, & Black, 2010, P. 640) 

Focusing on an entirely different aspect, Clark et al. (2011) stated that the design, 

which connects intuitive understanding and formal learning, is important. First, they 

integrated physics ideas and terminology into the pre-level and the post-level of SURGE. 

A non-player character played by a teacher and feedback screen were embedded into the 

levels in order to deliver instructions. However, through the research, they found learners 
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could easily skip the levels. Therefore, they recommended making the elements in the 

levels more interactive to encourage learner engagement.   

Huizaenga et al. (2009) pointed out that it was not clear whether the digital part or 

the location part influenced students’ learning in their study, while the Frequency 1550 

game clearly promoted students’ gain of knowledge. They asserted the need of further 

research focusing on the specific effects of each attribute. 

 

Summary 

In summary, the attributes that affect learner motivation are provided in Table 4.  

Among the 14 game-based learning environments, researchers conducted experiments 

involving only seven games to prove the relationship between learner motivation and 

game attributes. Many researchers investigated motivation in game-based learning; 

however, demonstration of the specific impact of specific attributes on motivation is still 

limited. Through the review of the empirical studies, this report found that certain 

attributes can improve learner motivation. Researchers suggested most frequently that 

interaction be considered as an important component of game-based learning. Secondly, 

the results showed that the fantasy and challenge attributes tend to immerse learners in 

the learning process. Some studies also identified the narrative and novelty as some of the 

most effective components to increase learner motivation. The results also showed proper 

extrinsic rewards should be considered in order to motivate learning when designing 

game-based learning. Specifically, designers should include some form of diegetic 

extrinsic reward while also balancing extrinsic types of motivation with intrinsic 

motivation. 

In some of the studies, several attributes were mentioned as important elements in 

designing games; that is, challenge, feedback, goal, interaction, uncertainty, and 3D. In 
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addition, this report found that many studies stated that considering the level of difficulty, 

which is defined as adaptation, is necessary to motivate students who have different 

levels of prior knowledge or ability. However, not many game-based learning 

environments adopted the adaptation attribute to improve learner motivation.  
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Table 4 

Attributes that affect on learner motivation 

Reference Game Attributes Attributes to affect 
motivation 

Huang, 
Huang, & 
Tschopp 
(2010) 

Trade 
Ruler 

Assessment, Interaction, Location, 
Control, Player, Piece, Sensory stimuli, 
Rule, Goal, Representation, Progress, 
Challenge, Conflict 

Interaction 
Challenge 
Adaptation 
Pieces 

Tarng & Tsai 
(2010) 

Travel 
game 

Fantasy, Sensory stimuli, Challenge, 
Mystery, Control, Rule, Goal, Location, 
Representation, Adaptation, Interaction, 
Piece, Conflict 

Sensory stimuli 
Interaction 
Fantasy 
Challenge 

Barendregt & 
Bekker 
(2011) 

Hello You Assessment, Interaction, Rule, Goal, 
Piece, Communication 

Communication 
Interaction 
Sensory stimuli 

Clark et al. 
(2011) 

SURGE Adaptation, Challenge, Control, Goal, 
Piece, Player, Progress, Interaction, 
Representation, Safety, Sensory stimuli, 
3D 

Challenge 
3D 
Sensory stimuli 
Interaction 
Novelty1 

Rowe, 
Shores, Mott, 
& Lester 
(2011) 

CRYSTAL 
ISLAND 

Adaptation, Assessment, 
Communication, Interaction, Language, 
Location, Mystery, Fantasy, 
Representation, Sensory stimuli, 
Conflict, 3D 

Fantasy  
Narrative

1
 

Liu, Horton, 
Olmanson, & 
Toprac (2011) 

Alien 
Rescue 

Challenge, Fantasy, Interaction, 
Sensory stimuli, Control, Rule, Goal, 
Piece, Mystery, Representation, 
Conflict, 3D 

Representation 
Fantasy 
Challenge 
Control 
Interaction 

Barab et al. 
(2009) 

Taiga Interaction, Location, Player, Rule, 
Goal, Communication, Representation, 
Piece, Sensory stimuli, Challenge, 
Conflict, Assessment, 3D 

Player 
Interaction 
Representation 
Communication 
3D 

                                                 
1 The attributes not assigned as one of game attributes in the previous section but specifically mentioned in 
some studies. 
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Chapter 4: Conclusion and Implications for Future Research 

This report reviewed the empirical studies primarily interested in motivation in 

game-based learning from 2009 to present. Firstly, 16 game-based learning environments 

were identified in various content areas: computer science, economics, geography, 

history, language, pathology, and science. This finding shows that there have been many 

attempts to develop game-based learning in most content areas. Although there are still 

some concerns about the use of game-based learning (e.g., the abuse of games or lack of 

evidence about the effectiveness of learning outcomes), the finding indicates that game-

based learning is an immersive tool to support teaching and learning. 

Regarding the first research question, about what attributes have been adopted by 

current game-based learning, the report first highlights the game attributes to enhance 

motivation in the games based on Wilson et al. (2009). It concludes that the game-based 

learning environments have the following attributes that spark learner motivation: 

adaptation, assessment, challenge, conflict, control, fantasy, interaction, communication, 

language, location, mystery, pieces, players, progress, representation, rules, goals, safety, 

sensory stimuli and 3D. Every attribute defined by Wilson et al. (2009) was found to be 

included in the game-based learning environments through the review. This report also 

points out the current trend of attributes. For example, the interaction attribute shows the 

highest frequency, and conflict, goal, assessment, rule, and piece attributes are also often 

used. The result shows that these attributes are considered as critical elements for 

designing game-based learning. Language and safety attributes were rarely adopted. All 

of the science game-based learning environments utilized the 3D attribute, specifically, 

3D space. As mentioned in the research conducted by Barab et al. (2009), most science 

classes are still large lecture format and textbook-based. Therefore, the rich 3D 
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environment could help students understand the complicated science concepts in an 

easier way. As an example, students could benefit by experiencing complex physical 

concepts in the virtual world.  

This report explored various aspects of research related to motivation in game-

based learning: (1) game-based learning versus non-game-based learning, (2) game-based 

learning versus traditional classrooms, (3) pre- and post-experiment, (4) different 

teaching strategies, and (5) different levels of free choice. In terms of topics, many 

studies conducting comparisons between game-based learning and non-game-based 

learning demonstrated the positive effects of game-based learning. Most research 

indicated that game-based learning encourages learner motivation and leads to better 

learning performance than traditional learning methods. In order to apply each setting to 

design or to teach game-based learning, consideration of various settings or environments 

of specific target learners should come first. Results of the studies can provide helpful 

insights for educators and developers in designing games for educational purposed and 

applying them to the classroom.  

Designing optimal and appropriate control treatments or elements is also 

important. This report found that in spite of many researchers’ call for further empirical 

studies, not many researchers have conducted studies to investigate the relationship 

between attributes and motivation. Additionally, this report found some studies 

conducted experiments on game-based learning environments with participants who were 

not the target audiences. As mentioned in Barab et al. (2009), further research must 

conduct experiments with the original target audience, in order to seek to better 

understand with the audience. This indicates that effective research design should be 

considered while conducting an empirical study. 



 51 

Regarding the second research question by describing what the relationship 

between the game attributes and learners’ motivation is, there is limited evidence to 

demonstrate the impact of specific attributes on learner motivation and learning. Many 

researchers have asserted that they have not been able to isolate which attribute promotes 

learner motivation and knowledge gain (e.g., Huizenga et al., 2009) and have suggested 

future research focusing on the relationship between game attributes and motivation. 

Even though the number of studies that investigated game attributes is not enough to 

prove the effectiveness on learner motivation, the results indicate that interaction is the 

most highly used attribute in game-based learning. As mentioned in Huang et al. (2010), 

the optimal level of motivation for learners should also be considered for multiple 

reasons; for example, excessive sensory stimuli elements could disrupt students’ 

concentration on their learning process. Developing the effective measurement tool for 

learners’ motivation is as important as developing well-designed game-based learning. 

Prior to developing games, which factors are effective to motivate learners should be 

considered. This can also help researchers better understand how to improve learners’ 

motivation in game-based learning. In addition, as mentioned in many studies, it is also 

crucial to evaluate how motivation and engagement can be sustained over time with 

game-learning environments and how long-term motivation and engagement are related 

to deep learning and transfer.  

This report suggests that the research areas where further exploration is needed to 

support educators and developers should be more specific, as follows:  

(1) Definitions of more specific attributes and practical examples of current 

game-based learning 

(2) The relationship between specific game attributes and specific subject areas or 

purposes of game-based learning 
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(3) The relationship between game attributes and learner characteristics including: 

age, gender, prior knowledge, literacy level, and attitudinal value 

(4) The comparison between attributes to investigate the greater impact on learner 

motivation 

Regarding the first proposed research area, researchers might consider, for example, the 

relationship between assessment and motivation. Assessment allows learners to clarify 

what they have been learning and how they are doing. Further research may provide 

practical instructions of timely feedback and different levels of assessment will motivate 

different characteristics of learners. Both representation and fantasy affect motivation; 

however, practitioners can utilize each attribute based on the purpose of game-based 

learning. Depending on content areas, a realistic setting is critical to learning; for 

instance, physics games (e.g., SURGE) need to adopt the proper level of the 

representation attribute to allow learners to experience real world situations. In some 

cases, the combination of multiple game attributes can lead to better learner motivation, 

for example, the combination of fantasy and representation in Alien Rescue. Therefore, 

further research first must explore each game attribute, the relationship between each 

attribute, and then the relationship between attributes and purposes of games or learners. 

Finally, the fourth research area is proposed again since this report did not find any 

evidence related to the third research question by describing which specific game 

attributes have the bigger impact on learner motivation toward learning. 
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