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Abstract: This study attempted to understand the role of elementary school students’ scientific 
epistemic beliefs in a digital game-based learning environment. A total of 107 elementary school 
students participated in this study. Two instruments were adopted to assess the participants’ scientific 
epistemic beliefs and conceptual understanding with respect to the light and shadow concepts. The 
first finding indicated that the students’ post-test scores were significantly higher than their pre-test 
scores, suggesting that the digital game-based learning environment is effective to promote their 
conceptual understanding performance. Second, the students with advanced scientific epistemic 
beliefs performed better than those in the less advanced scientific epistemic beliefs group in terms of 
their post-test scores. A further analysis suggests that the participants with advanced epistemic beliefs 
in the factor of “Justification” performed better than those with less advanced belief of the same 
factor in terms of post-test scores and gain scores. This result also echoed the correlational results, 
suggested that the “Justification” epistemic belief may be the most decisive factor in predicting the 
participants’ conceptual performance. 

 
 
Introduction 
 

Owing to new advances in information technology, digital games (serious games or educational games) 
which can be integrated with learning has become more popular and widely discussed. Many studies have found that 
well-designed digital games promoted learning motivation and interests (e.g., Hung, Sun, & Yu, 2015) as well as 
performance of learning (e.g., Ku, Hou, & Chen, 2016; Sung, & Hwang, 2018; Tsai, Huang, Hou, Hsu, & Chiou, 
2016). Tsai (2004) has noted that digital learning technologies can be an "epistemic" tool. In other words, learners' 
epistemic beliefs might play an vital role when utilizing these related digital learning technologies. However, scholars 
in digital game-based learning focused either on improving motivation or the performance of concept learning. Few 
empirical studies relevant to role of scientific epistemic beliefs in the digital game-based learning environment were 
discussed. Therefore, the purpose of the current study is to explore the differences of learners with different scientific 
epistemic beliefs in game playing behaviors and their learning performances. 
 
 
Method 
 
Participants 
 The participants were 107 fifth-grade elementary school students from four northern and southern Taiwan 
schools, including 60 males and 47 females. They are around 11-years-old. 
 
Instruments 

A. Scientific Epistemic Beliefs Questionnaire (SEB) 
This study mainly used the scientific epistemic beliefs questionnaire (SEB) developed by Conley, Pintrich, 

Vekiri, and Harrison (2004) to measure students' relative beliefs of scientific knowledge. The questionnaire is 
modified from the questionnaire of Elder (2002) and it contains four factors with a total of 26 questions. Five-point 
Likert scale were used to measure “source”, “certainty”, “development”, and “justification” of elementary school 
students’ scientific epistemic beliefs. The questionnaire has been used in many studies (e.g, Liang, Lee, & Tsai, 2010; 
Osborne, Simon, Christodoulou, Howell-Richardson, & Richardson, 2013) and the Cronbach's alpha coefficient is 
higher than .70, indicating that the questionnaire has good reliability. If the questionnaire item is stated in reverse 



 

position (i.e., less sophisticated epistemic belief, the item will be scored in reverse. That is, the higher score in the 
questionnaire suggests more mature epistemic beliefs. The definition and sample items of factors are as follows: 

1. Source: Assessing students’ beliefs about scientific knowledge should not simply reside in external 
authorities.   
2. Certainty: Evaluating students’ beliefs about the right answer in scientific knowledge. Whether students 
believe that what are looking for in scientific inquiry is a correct answer and the scientific knowledge is 
always right. More mature beliefs should believe in the uncertainty of knowledge. 
3. Development: New discoveries can change what scientists think is true.  
Sample item is “Some ideas in science today are different from what scientists used to think.”  
4. Justification: Examining students’ views on the role of experiments and how an individual learner 
justifies scientific knowledge. Mainly in measuring students' view of the experiment 

 
B. Educational Game- Shadow Game 
This digital game, “Shadow game,” was developed by the second author. The content design was based on 

the misconceptions of light and shadow that organized from literature reviews and interviews. The purpose of the 
game was designed for elementary school students to learn the relationship between light and shadow, the relationship 
of time and the direction of shadow, the color depth of shadow, and other optical knowledge during the process of 
playing the game. The game was also used in related research (Hsu, Tsai, & Wang, 2012, 2016). Players of the role-
playing game needed to complete the task of successfully passing the road to save a princess that was abducted. The 
game contained three stages, and players had to follow the rules in each stage (e.g. time limits or pitfalls). Take stage 
one as an example (Figure 1), the learning purpose for the player is to learn the relationship between the height of the 
light source and the length of the shadow. Game players were required to manipulate player character to a specific 
position within time, and they need to constantly adjust the height of the flashlight during walking to keep the player 
character's shadow of head in the red area.  
 

 
Figure 1. Game screen shot of stage one. 

 
C. Pre-test and Post-test 
Before and after the game, students were required to finish a ten-item multiple-choice test for a series of light 

and shadow questions. Each item contained three options, and the participants had to select the most appropriate 
answer based on the descriptions and graphics.  
 
Data procedures and analysis 

During the game, the back-end would record the log files (e.g. time spent beating the game of each stage, the 
number of times of failure and success) for the game playing in detail to reflect the learning process of students. After 
the game, students would fill out the post test. 

In this study, the paired-sample t test was used to analyze if students' learning outcomes have improved after 
the game. The correlation analysis was used to explore the relationship among scientific epistemic beliefs, gain scores, 
and game playing behaviors. In addition, the top and last thirty-three percent scores of scientific epistemic beliefs and 
the factor “Justification” was selected to distinguish advanced and less advanced groups (Tsai, Ho, Liang, & Lin, 
2011). The independent sample t test was used to explore the differences between two groups of pre-test, post-test and 
gain score. 
 



 

Results 
 
Log files of shadow game 

Table 1 shows a summary record of the game records. As shown in Table 1, a total of 107 elementary school 
students participated in the game. Only one student did not pass stage one; average time spent beating the game was 
383.09 seconds and failure times were 11.71 times. For those students who pass the stage one, all students passed 
stage two (n = 106), average time spent beating the game was 106.45 seconds, the times of failure was 4.46 times. 
Seven students did not pass stage three, average time spent beating the game was 160.96 second sand failure times 
were 5.32 times. Overall, average time on spent beating shadow game was 217.07 seconds, the times of failure was 
7.19 times.  
 
 

Stage Scales N Minimum Maximum Mean SD 

Stage 1 
Time spent beating the game (s) 106 79.28 1193.02 383.09 250.11 

Failure times 106 0.00 55.00  11.71 10.41 

Stage 2 
Time spent beating the game (s) 106 33.14 731.99 106.45 96.70 

Failure times 106 0.00 46.00 4.46 4.99 

Stage 3 
Time spent beating the game (s) 99 46.87 525.72 160.96 86.75 

Failure times 99 0.00 23.00 5.32 4.16 

All Stages Time spent beating the game (s) 297 33.14 1193.02 217.07 204.40 
Failure times 297 0.00 55.00 7.19 8.86 

 
Table 1. Scale means and standard deviations of log files. 

Scientific epistemological beliefs of students 
By utilizing the SEB questionnaire, 107 elementary school students were surveyed for their epistemic beliefs. 

The reliability values of the SEB questionnaire are summarized as follows, four factors are extracted with a total of 
26 items. The reliability coefficients of the factors respectively at “Source” (0.82), “Certainty” (0.76), “Development” 
(0.86), and “Justification” (0.89), respectively the overall alpha was 0.87, indicating that SEB was a questionnaire 
with good reliability. 
 
 
Score analysis of pre-test and post-test 

Students' scores with the paired-sample t test analysis indicted a significantly difference between pre-test and 
post-test, t (104) = - 3.10, p = .003, d = .33. Post-test scores (M = 7.26, SD = 2.02) were significantly higher than the 
pre-test scores (M = 6.63, SD = 1.84). As shown in Table 3, it was found that there were significant positive 
correlations between “Post-test” and epistemic factors of “Certainty”, “Development”, “Justification”, “Total SEB,” 
with correlation coefficients from 0.21 to 0.28. In particular, the gain score is positively with the epistemic factor 
“justification” and “Total SEB” (r = 0.21). The learning behaviors (time spent beating the game, failure times) were 
not significantly related with epistemic beliefs and their learning performance by pre-test or posttest (i.e., conceptual 
assessment). 
 



 

 
Notes: *p<.05, ** p <.01, *** p <.001； N=107. 

 
Table 3. Correlation matrix for pre-test, post-test, SEB survey, and log files of game. 

 
Differences between students' performance with different scientific epistemic beliefs and the “Justification” 
factor in game playing and scientific learning 

When analyzing students’ game playing behaviors in light of their epistemic beliefs, the results show that 
there were no significant differences in game playing behaviors (e.g. “Time spent beating the game” and “Failure 
times”) between students with of advanced and less advanced scientific epistemic beliefs students.  

 
In terms of learning performance, the results of t-test analysis for advanced and less advanced scientific 

epistemic beliefs groups in pre-test, post-test, and gain score. The advanced and less advanced groups were significant 
in the post-test (t = -2.63, p = .011 <.05). In other words, students with more mature scientific epistemic beliefs were 
more likely to perform better in post-test. In addition, advanced and less advanced “Justification” epistemic belief 
groups were significant with post-test (t = -2.99, p = .004 <.01) and gain score (t = -2.70, p = .008  <.01). Compared 
with less advanced “Justification” group, advanced “Justification” group students were more likely to perform better 
in post-test and gain score. 
 
Conclusions 
 

This study implemented a game-based learning environment for fifth-grade elementary school students. The 
students’ pre-test and post-test scores were significantly different, and the students showed significant progression 
from playing the game. It was helpful for students’ learning about the shadow conceptions by utilizing the digital 
game in this study. 

 
The present study further analyzes the differences between students with different degrees of scientific 

epistemic beliefs and specially the role of epistemic belief of the “Justification” factor in student game playing and 
learning performance. The result revealed that the more maturation of the scientific epistemic beliefs the students had, 
the better the post-test they would perform. 
 

Among the participants, students with advanced “Justification” epistemic beliefs performed better than those 
with less advanced “Justification” ones. However, students with different scientific epistemic beliefs did not show 
significant differences in game behaviors. It was important to emphasize that only “Justification” factor of SEB was 
significantly related to “Gain score”; it is the most predictable epistemic factor for the learning outcome among these 
fifth-grade elementary school students. This finding underscored the importance of the role of experiments and how 
a student justifies scientific knowledge in the process of game-based learning.  
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