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Abstract 

 
In this study, a collaborative educational computer 

game based on a knowledge engineering approach is 
proposed; moreover, an experiment has been cnducted in 
an elemental school natural science course to evalue the 
performance of the proposed approach in terms of 
learning attitude, learning motivation, self-efficacy and 
learning achievements. From the experimental rsults, it is 
found that developing collaborative educational games 
with the knowledge engineering approach is able to 
improve the students' learning achievement owing to the 
knowldege organization facilitaties provided by the 
knowledge engineering approach and the knowledge 
sharing feature of collaborative learning. 
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1. Introduction 
 

In recent years, various issues of educational computer 
games have been widely discussed owing to the rapid 
advancement of computer and multimedia technologies 
[1]. Researchers have indicated that educational computer 
games could be an effective way of providing a more 
interesting learning environment for acquiring knowledge 
[2-4]. Several studies reported that educational computer 
games could enhance students' learning interest and 

motivation [5-9]. Hwang, Sung, Hung, Yang, and Huang 
(2012) further indicated that well-designed educational 
computer games might have great potential in improving 
learning achievements of students [10]. 

Although computer educational games seem to be a 
promising approach, researchers have pointed out that, 
without proper design, native impacts of employing 
digital game-based learning approach could occur, such 
as deriving poor learning outcomes and increasing their 
self-alienating behaviors [11-13]. Kickmeier-Rust and 
Albert (2010) indicated that one great challenge of 
developing educational computer games is to provide 
support and guide the learners while keeping the balance 
between learning and gaming, and between challenge and 
individual learners' ability [14]. The study of Charsky and 
Ressler (2011) further confirmed this point via 
conducting a learning activity using a computer game 
[15]. Therefore, it is important to provide suitable 
learning support in employing computer games in 
education. 

In this study, a collaborative educational computer 
game is developed based on a knowledge engineering 
approach which aims to guide the students to organize 
knowledge for differentiating a set of learning targets 
collaboratively. An experiment was conduct to evaluate 
the effectiveness of the proposed approach.  
 

2. Literature Review 
 

Learning collaboratively not only enables students to 
learn the spirit of respecting others, but also facilitates 
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their learning performance [16-17]. Through the process 
of collaboration and brainstorming in a collaborative 
learning group, students are able to efficiently receive a 
large amount of information, which is helpful to them in 
generating new ideas for completing learning tasks [18]. 
Consequently, researchers indicated that attention should 
be paid not only to the use of new technological solutions, 
but also to collaborative learning methods in order to 
develop students’ skills for their future jobs [19].  

In the past decade, many studies concerning 
collaborative educational computer games have been 
conducted. For example, the study of Delucia, Francese, 
Passero, & Tortora (2009) conducted an experiment 
involving university students aiming at evaluating Second 
Life synchronous distance lectures in the proposed 
learning environment. The results revealed that the virtual 
environment successfully supports synchronous 
communication and social interactions. While, the tutors 
and the teacher referred that students were really 
motivated [20]. Lee, Huang, Liu and Wu (2011) found 
that learning achievements of the cooperative and 
collaborative online game-type computer assisted 
learning systems were significantly better than that of 
conventional approaches [21]. Hummel, Van Houcke, 
Nadolski, Van Der Hiele, Kurvers and Löhr (2011) 
examined how learning outcomes from playing 
educational computer games could be enhanced by 
including scripted collaboration. The experimental result 
showed that the collaborative learning approach 
significantly enhanced the quality of learning outcomes 
[22]. Meanwhile, Sánchez and Olivares (2011) presented 
the results of conducing a series of learning activities with 
the mobile game-based learning approach for fostering 
problem-solving and collaborative skills of students. The 
experimental results showed that the approach 
significantly contributed to the learning improvements of 
the students [23].  

On the other hand, Triantafyllakos, Palaigeorgiou and 
Tsoukalas (2011) presented a framework for conducting 
game design activities that engaged students in designing 
educational computer games collaboratively [24].  They 
expected that the proposed framework could simplify the 
development and employment of effective and efficient 
collaborative game design sessions in educational settings. 
From those studies, it is concluded that collaborative 
learning has been recognized by researchers as one of the 
potential approaches for developing educational computer 
games. 
 

3. Collaborative Educational Computer 
Game based on a Knowledge Engineering 
Approach 
 

In this study, a well-known knowledge engineering 
approach, the Repertory Grid method, is adopted to serve 
as a collaborative knowledge construction tool of a 
game-based learning activity. The Repertory Grid method 
originated from the Personal Construct Theory proposed 
by Kelly (1955) [25]. This method has been recognized 

by various studies as being an effective tool for helping 
domain experts organize the differentiating knowledge 
for developing expert systems [26-27]. Recently, it has 
been adopted by several studies as a learning tool for 
helping students collecting and organizing the knowledge 
related to the learning targets [28-29]. 

A repertory grid can be viewed as a matrix, in which 
the columns represent elements (i.e., concepts to be 
learned or learning targets to be identified) and the rows 
represent the constructs for identifying the elements. A 
construct consists of a trait and the opposite of that trait. 
A 5-scale rating mechanism is often employed for 
representing the relationships between the elements and 
the constructs, where “1’’ represents that “the element is 
highly inclined to the trait”, while ‘‘5’’ represents “highly 
inclined to the opposite” [30]. An illustrative example of 
a repertory grid for identifying a set of learning targets 
(i.e., the plants on school campus of an elementary school 
natural science course) is given in Table 1. 
 
Table 1. Illustrative example of a repertory grid 

 Elements  

Construct Trait 
Mexican 
Petunia 

Benjamin 
-fig 

Pachira 
nut 

Opposite

Leaf edge Neat 3 1 1 Jagged 

Leaf 
Apex 

Sharp 1 3 2 Round 

Leaf vein 
branches

Few 2 2 3 Many 

Texture Coarse 3 1 5 Smooth 

 
In this study, a Repertory grid-Assisted Collaborative 

Educational Game (RACEG) is developed, as shown in 
Figure 1. It consists of two subsystems, that is, the 
collaborative educational computer game and the 
collaborative knowledge construction system. The former 
contains a learning material module and a 
learning-guiding module. The latter is a web-based 
collaborative learning environment that assists students 
organizing knowledge in the form of a repertory grid 
based on what they have learned from the game and the 
discussions with peers.  
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Figure 1. The structure of collaborative game system 
 

Figure 2 shows the collaborative educational computer 
game-base learning environment of this study. During the 
learning activity, the educational computer game is 
guided to develop the objective repertory grid, which is 
used as the comparative target. Following storyline of the 
game, the students are not only guided to collect the 
information of the target plants to develop their own 
repertory grid, also discussed with their peers, which is 
helpful to them to pass the learning tasks. In addition, the 
students were allowed to discuss and modify their 
repertory grid via an editing interface with their peers. 

 
Figure 2. Collaborative Game-based Learning 

Environment 
 

4. Experiment design 
 

The experiment was conducted on the "knowing 
campus plants" unit of an elementary school natural 
science course, which aimed to teach the students the 
compositions of the plants (e.g., roots, stems and leaves) 
and their main functions, and further foster them the 
ability of identifying and differentiating different types of 
plants in fields based on those characteristics. 

The participants of the experiment were three classes 
of sixth graders of an elementary school in southern 
Taiwan. A total of ninety-three students participated in 
this study. One class was assigned to be the experimental 
group, one class was the control group A and the other 
was the control group B. All of the three groups included 
thirty-one students, between seventeen and eighteen 
males, while thirteen and fourteen females each of groups. 
In order to avoid the influence of different instructors on 
the experimental results, the three classes were taught by 
the same instructor. 

Before the experiment, the three groups of students 
took a two-week course about the basic knowledge of the 
plants, which is a part of the natural science course. At 
the beginning of the learning activity, the students took a 
pre-test for evaluating their basic knowledge about the 
plants. Following that, the students in the experimental 
group learned with the collaborative educational 
computer game with the repertory grid approach; on the 
other hand, those in the control group A learned with 
conventional collaborative game-base learning; for 
control group B, the educational computer game with 
repertory grid approach. The time for the students to 
complete their learning missions was a hundred minutes. 
After the learning activity, the students took the post-test 
for measuring their learning achievements.  

The pre-test and the post-test were developed by two 
experienced teachers who had taught the information 
management course for years. While the pre-test aimed to 
ensure that three groups of students had the equivalent 
basic knowledge of about the natural science course 
content. It consisted of forty multiple-choice items with 
one point awarded for each accurate answer; that is, the 
perfect score of the pre-test was 100.The post-test 
contained twenty multiple-choice items for assessing the 
students' knowledge in identifying and differentiating the 
plants on the school campus, while one point was 
awarded for each accurate answer; therefore, the perfect 
score of the tests was 100. The posttest contains two parts, 
basic characteristics of the target plants (40%) and 
challenging questions (60%).The questions like “Which 
of the three plants, “Indian Almond”, “Orchid Tree” and 
“Golden Dewdrop” with the most neat leaf edge?”, after 
participating in the learning activity. The Cronbach's 
alpha value of the learning achievement was 0.65, 
showing good reliability in internal consistency.  
 

5. Experimental Results 
 

This study conducted ANCOVA using the students’ 
pre-test scores as the covariate to exclude the impact of 
the pre-test on their science learning. An assumption of 
ANCOVA is that the regression coefficients between 
groups need to be homogeneous. After conducting the 
learning activity, an analysis of covariance (ANCOVA) 
was performed on the post-test results, in which the 
pretest was the covariance, the post-test results were the 
dependent variable and the “different game-base learning 
strategies (three groups)” were the control variable, to 
examine the relationships among the post-test results of 
the three groups. The ANCOVA result shows that the 
variance between the three groups is significant (F = 
11.795, p<.05) after the impact of the pre-test scores on 
the post-test was excluded. In other words, the post-test 
scores were significantly different due to the different 
experimental learning processes. Furthermore, post hoc 
analysis was performed to examine specific differences in 
achievement between the experimental groups. An LSD 
test revealed that the experimental group scores were 
significantly higher than those of control group A, 
compared with the adjusted mean of 59.37 for the 
experimental group, while the control group A scored 
41.56 (p<.001). Additionally, the experimental group 
scores were also significantly higher than those of the 
control groups B scored 42.5 (p< .001). 
 

6. Discussions and Conclusions 
 

In this study, a collaborative game-based learning 
environment is developed based on a knowledge 
engineering approach. An experiment was conducted on 
an elementary school natural science course. From the 
experimental results, it is found that, in comparisons with 
the collaborative game-based learning approach and the 
knowledge engineering-based educational game approach, 
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the proposed approach is significantly more helpful to the 
students in improving their learning achievement. 
Consequently, it is concluded that the proposed approach 
is effective. 
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