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Abstract. Research related to game-based and technology-enhanced learning 
lacks a focused experimental method. The present paper articulates a well-
defined experimental method for studying game-based learning from pre-
learning interventions to post-testing assessment of retention and transfer. 
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1 Introduction 

There is growing interest in the application of video games to teach, educate, and 
train. In the military, for example, researchers are modifying commercial games to 
train soldiers on strategy and interpersonal skills like communication and team coor-
dination [19][26]. In the academic domain, game-based activities are appearing in 
grades from kindergarten through high school. For instance, Muehrer, Jenson, Fried-
berg, and Husain [23] found secondary science students performed better on quizzes 
after playing a science-focused video game in comparison to pre-game scores. This 
evolving area offers an interesting and socially-relevant topic for HCI research. Nu-
merous Journals are already devoted to this topic or focus their content heavily in this 
area (e.g., International Journal of Computer Game Research, Journal of Computer 
Assisted Learning, Computers and Education, Computers in Human Behavior, etc.). 
The underlying assumption of game-based learning research seems to be that: 1) edu-
cational content can be presented within computer games, 2) the context of learning 
within a highly- interactive gaming environment is engaging to the learner, and 3) 
learning outcomes associated with game-based learning will be equal to or perhaps 
superior to traditional presentation of information [7][16][24].  

While some or all of these assumptions may be supported, the research related to 
game-based learning lacks a cohesive experimental focus with which to examine fun-
damental research about relationships between the game-based context of learning 
and performance outcomes associated with it. In 2011, Boot, Blakely and Simons 
drew the same conclusion in a review of the literature examining cognitive outcomes 
associated with gaming [5].  In their paper, Boot et al. made four recommendations 
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to improve the study of gaming outcomes, including enhancing the articulation of the 
methods in future studies. It was found from previous the studies that systematic me-
thods and models addressing the effectiveness of game-based learning are extremely 
limited. This paper presents a systematic and rigorous experimental model for the 
study of game-based learning. This lays out a framework to incorporate the different 
factors in game-based learning experiments and method will allow for greater coordi-
nation of research efforts and the ability to determine when and how game-based 
learning leads to effective educational performance. As shown in Figure 1, our basic 
model for examining game-based learning is simple in design but we believe an im-
portant first step in defining a sound empirical approach to uncovering key relation-
ships.  The remainder of this paper will focus on defining each of the pieces of the 
method and defining the variables of study within each element. 

 

Fig. 1. Proposed Model for Experimental Study of Game-Based Learning 

2 Primary Elements: Game-Based Learning and Game-Based 
Testing 

2.1 Elements of Proposed Model 

The primary elements of this experimental model are 1) the context in which learning 
occurs (non-game-based learning vs. game-based learning), 2) the context in which 
testing occurs (non-game-based testing vs. game-based testing), and 3) the importance 
of pre- and post-learning measurement of learning achievement or performance.. 
These elements are important because studies to date have primarily focused upon 
only the context in which learning occurs. However, research in psychology has 
shown that learning and its consequent requirement for retrieval can often be context 
and state dependent [8]. By creating a method that acknowledges the interdependence 
of learning and testing, findings from empirical studies will have greater generaliza-
bility in educational settings. In addition, it is critical to show the change in learning 
achievement or performance after game-based manipulations with the pre/post test 
comparison. 

Furthermore, it is important to define the variables that might be included or varied 
within the game-based learning context. Researchers can systematically examine 
factors such as the type of game used (fantasy, Massively Multiplayer Online Role-
playing Game [MMORPG], social, first-person shooter [FPS], etc.), the domain of 
learning material embedded within the game (history, math, science), the nature of 
knowledge presented (declarative, procedural or semantic), as well as factors such as 
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age of the learner, gender of the learner, or usability of the game. Perhaps surprising-
ly, little research has examined the actual learning environment in gaming.  Baker [2] 
explored the role of the teacher or instructor with technology-enhanced learning, con-
cluding that instructors in this type of learning environment who were perceived as 
warm and involved positively influenced student perceptions of the class and effec-
tiveness of the learning. Jim [14] and Mayer [20] discussed the need for active learner 
engagement in an online learning environment rather than passive presentation of 
information using technology.  However, active engagement does need to be pur-
poseful and structured so that the learner does not become confused or overwhelmed 
by technology to the detriment of learning.  Bloom [4] also supports these conclu-
sions adding that game-based learning rather than passive presentation of material via 
technology can enhance learner engagement. An intriguing finding that contradicts 
the belief that active game-based learning can be positive for the learner comes from a 
study by [1].  They found that students participating in a narrative-based game envi-
ronment to learn did not show any differences in performance than students whose 
learning was presented in more passively presented learning modules that had no 
associated story line.  

Likewise, the second factor in the model, how testing occurs, includes variables 
such: as accuracy of performance, the manner in which performance is assessed  
(recall, recognition or transfer of training), speed of performance, as well as also con-
sidering variables such as gender, age and past ability of the learner for the same sub-
ject matter. What is fascinating is that to-date we found no studies that focus on how 
testing is conducted. Specifically, the current model advocates that within game-based 
learning studies, how testing occurs (within a similar, game-based learning context or 
not) may influence the results found in these studies. For instance, if game-based 
learning occurs within a MMORPG should testing also occur within an MMORPG in 
order to truly assess performance? What happens when learning occurs within the 
game but the testing environment occurs via a traditional paper and pencil test? Ex-
amining all the variations of context within game-based learning and testing will al-
low researchers to understand technology-enhanced learning environments and create 
new ones in the future that maximize learning effectiveness.  Overall, we advocate 
for rigorous adherence to this basic experimental method.  It will allow for systemat-
ic program of research with each study building upon the next and providing a more 
complete picture of how and when game-based learning is effective. 

2.2 Critical Time Periods within the Model 

Within the model presented there are also three time periods during which further 
experimental manipulations can occur to provide an even clearer picture about game-
based learning outcomes. The first time period, the pre-learning period, specifies the 
period prior to learner exposure to a game-based environment. During this period, 
researchers can investigate the effectiveness of interventions that may influence learn-
ing. Some of these can include introducing positive or negative learning expectations, 
presenting study techniques that may facilitate learning, or even creating a positive or  
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negative mood state in the learner. Some research has focused attention on the pre-
learning environment with a focus on the motivational context of learning. Li, Heh, 
Chen, Wang and Yeh [18] defined three possible motivational contexts that could be 
created and studied in a gaming context. The first context described as a structured 
form of autonomy allows players to act freely in a game however limits and directs 
players to pursue certain desired elements within the game. The second context focus-
es on creating a motivational gaming environment that acknowledges learning 
through game-based rewards. The last motivational context focuses on social interac-
tion within the game as a tool to enhance learning. Any of these three motivational 
environments can be created in game-based learning to compare and contrast their 
effectiveness in facilitating user learning. Other research studies, rather than establish-
ing a specific motivational climate for game play, focus on understanding the motiva-
tional attributes of players prior to entering into actual play. For instance, Jiau, Chen 
and Ssu [13] and Kong, Kwok and Fang [15] examined differences in extrinsic and 
intrinsic motivation of players and how these orientations may even factor into team 
game play. Similarly, Bartle [3] and Lazzaro [17] advocate for grouping players based 
on their motivational styles and then structuring the game-based learning environment 
such that challenges and outcomes are different based on initial player  
motivation. Both Bartle and Lazzaro identified similar player motivational styles that 
included social players, goal-oriented players, exploratory/fun-based players and win-
ner-take-all players that Bartle referred to as “killers” [3][17]. 

Yelverton [26] based his work on Dweck’s [11] work on goal orientation advo-
cated for establishing pre-learning goals that players must achieve, believing that  
a strong goal orientation will facilitate learning. Yelverton also acknowledges, how-
ever, that creation of a game-based learning environment that establishes public per-
formance goals can be detrimental to learning for individuals who do not want their 
performance judged by others.  In addition, past learning studies have shown that 
placing substantial focus on performance rather than the process of learning can lead 
to reduced effectiveness [25][27].  In summary, studies that focus on varying the 
context of the pre-learning phase of the proposed model can focus on player-based 
elements of gaming such as motivational styles or player expectations.      

The second time period, called the post-learning period, occurs immediately after 
the learning phase. Again, researchers can systematically study how manipulations 
occurring during this period may reinforce the learning that has occurred. For exam-
ple, these may include such activities as: having students read a summary of what 
they just learned, having students discuss what they learned with a partner or group, 
or changing the mood state of the learner. Research focusing on post-learning out-
comes has examined issues related to how review and practice intervals or spaced 
learning can impact performance [9][10][12]. Sharing game-related performance data 
with the player can also allow the learner in his/her next session to better focus on 
areas of weakness or underperformance in order to facilitate learning. Providing feed-
back through performance metrics that can be presented visually or in textual forms 
can assist in creating a more self-directed learner [13][22].  Medler likens player 
feedback to the statistics that are painstakingly kept and used in professional sports.  
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A game-based learning “dossier” can be developed with information comparing an 
individual’s current performance to his/her past performance, to group-level perfor-
mance or to a pre-determined standard of achievement.  Each type of comparison and 
the manner in which the comparison information is presented and shared is a rich area 
for study in and of itself.  

The last time period defined in the model is referred to as the post-testing period. 
Typically studies end once performance has been exhibited. However, for learning to 
be truly effective it must be permanent. Acquisition of basic skills and concepts must 
occur for successful acquisition of more complex skills and concepts in the future. In 
addition, it is also desirable in some learning situations for skill acquisition to transfer 
to similar environments and situations. Thus, the learner has to acquire not only the 
basic skill or knowledge required in the present, but he/she also has to learn when and 
where it is beneficial to apply the knowledge in the future. The post-testing period can 
be studied empirically to engage in longitudinal examinations of knowledge, retention 
and skill transfer. 

3 Measures of Game-Based Learning Experiments 

One reason for the lack of research in assessing outcomes associated with game-based 
learning likely stems from the difficulty of measuring performance in game- 
based learning tasks. Unlike those studies conducted in controlled laboratories, game-
based learning is often conducted as a field study in a realistic environment. There  
are numerous factors that could confound the results. The nature of the dynamic envi-
ronment adds difficulty for an objective measurement of the outcome.   

Establishing criteria for evaluation and assessment of game-based learning tasks is 
essential in understanding the process of learning in a gaming environment overall. 
Currently, there is limited research that describes the type of learning, amount of 
learning and more importantly, the process of how learning occurs in the game envi-
ronment. What is needed is an understanding of the whole picture of game-based 
learning, with respect to the effect of different type of games on type of skill and 
knowledge, and an objective metric to assess the learning outcome in general. 

Typical learning outcome measures for game-based learning include: 

• Amount of knowledge/skills acquired: To measure whether a person knows some-
thing after the learning process, a practical assessment is to compile tests that are 
representative of the topics learned. Tests could include multiple-choice based or 
open-ended questions. A second approach is to have the participants provide self-
assessment for their level of the understanding of the knowledge, or ask a subject 
matter expert to evaluate the participant directly without giving a test. The third 
way to measure learning especially for group learning tasks is to use an anthropo-
logical approach to estimate the knowledge of each participant by measuring the 
pattern of performance consistent among those persons in the same group [6].   

• Time taken to learn: There is sometimes a trade-off effect between amount of 
learning that has occurred and time taken to learn something. However, when  
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learning efficiency is a factor, time taken to learn something is a critical perfor-
mance measure for  game-based learning tasks. 

• Learning transfer: In either the pre-testing or post-testing phase, measuring the 
amount of learning that is transferred to a similar task is an important assessment 
of retention of knowledge.  A positive transfer indicates game-based learning faci-
litates new learning compared to a traditional learning method. The measure  
of transfer of learning depends largely on the type of learning tasks involved. 
Commonly used formula include: 
o Percent transfer. This can be expressed as  

 Y YY %                                                          (1) 

 
where Y  is the performance measured after the game-based learning post-
test and Y  is the performance for a general test on the subject matter.  
The learning occurring  in the game-based environment is expected to be 
transferred positively to performance on a general test. 

o First shot performance (FSP). First shot performance measures the immediate 
performance after the learning is completed. That is, 
 FSP Y YLY Y                                                               (2) 

 
 where Y  is the beginning performance of the game-based learning and YL 
is the ending performance of the game-based learning. This measures how 
much learning is retained on the first transference to a general test on the  
subject matter. 

o Learning retained (LR). Learning retained measures how much learning is re-
tained on the first post-test trial from the game-based learning compared with 
that gained from a nongame-based learning.  
 

 LR Y YLY YNL                                                             (3) 

 
 where YNL is the last performance measure for the non-game-based learning 

• Assessment of the learning experience. A positive learning experience is believed 
to facilitate the learning outcome. The learning process and experience can be  
assessed by using observation, survey, interview or questionnaire, to evaluate  
the overall experience during, including the flow, usability and workload for the 
learner.  

4 Conclusion 

In summary, we advocate for the creation of a rigorous experimental method for the 
study of game-based learning. The model presented herein offers a comprehensive 
experimental paradigm to examine the relationship between game-based learning and  
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game-based testing contexts. Further information is infused into the paradigm by 
introducing systematic manipulation of variables occurring at three different time 
periods, before, during and after game-based learning or game-based testing occurs. It 
is only with experimental rigor that researchers, from a multitude of disciplines (edu-
cation, psychology, human factors, computer science), can assess when, how, and for 
whom game-based learning is effective and how to optimize the learning environment 
for the students of today and tomorrow. 
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