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Abstract – To aid cognitive processing and structuring, learners must be engaged in activities that provoke students’ mental 
process (e.g., rehearsal, organization, elaboration). Learners need to be self-motivated and persistent in deliberately practice 
executing thecognitive strategies during their learning process. A well-designed serious game may motivate learners to 
persistently execute specific strategies to accomplish the game tasks. Therefore, this study aims to design three serious board 
games providing joyful environment for learner to practice using cognitive strategies. Three serious board games were 
designed and developed by the research team. The pre-and-posttest experimental research method was adopted to investigate 
the quality and effects of the games on the players’ mastery of the chosen domain knowledge. Thirty-six college students, 
matriculated in educational technology program, participated in the summative evaluation for three consecutive weeks. The 
results show that the participants are satisfied with the games with the average scores above 4.3. In regard with the 
participants’ mastery of chosen domain knowledge, the paired t-test result supports the significant difference between post-
test and pre-test (t=11.55, p<0.001). To address the limitation of single-group experimental design, a partial correlation using 
the pre-test score as the control variable was conducted. A significant correlation between game performance and the post-
test scores (r=.39, p=.02) was found. 
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I. INTRODUCTION 
 
Toaid cognitive processing and structuring, learners 
must be engaged in activities that provoke students’ 
mental process (e.g., rehearsal, organization, 
elaboration). Several effective techniques were 
developed based on cognitive strategies, including re-
chunking of content, providing explanatory 
descriptions or examples, constructing synthesis in 
graphics, or tabular form, and highlightingcritical 
differences among closely related concepts (Hoffman, 
1997). Studies on these techniques have generally 
found supportive evidence for their positive effects 
on memory retention (Seifert, 1994), reading 
comprehension (Mohammad, 2011), and clarification 
of the relationships among pieces of information 
(Wittrock, 1978).  
However, learners’ motivation and familiarity with 
the techniques may influence their use of cognitive 
strategies. They need to be self-motivated and 
persistent in deliberately practice executing these 
strategies during their learning process.  
A well-designed serious game may motivate learners 
to persistently execute specific strategies to 
accomplish the game tasks. Therefore, this study aims 
to design three serious board games providing joyful 
environment for learner to practice using cognitive 
strategies. The effects of the designed games on 
learners’learning will also be investigated. 
 
II. LITERATURE REVIEW 
 
The positive effects of game-based learning are 
empirically evidenced in enhancing students’ 
motivation (i.e. Charsky & Ressler, 2011), 

developing psychomotor skills (i.e. Connolly, Boyle, 
MacArthur, Hainey & Boyle, 2012), and higher-order 
thinking (i.e. Kim, Park & Baek, 2009). However, 
playing the games do not necessary lead to 
knowledge development. For example, Wrzesien and 
Raya (2010) found that games enhanced 6th graders’ 
motivation in learning science but no significant 
effects in enhancing knowledge were found.     
The serious game, in which the learning objectives 
and the subject matter knowledge are embedded, 
could help students to learn. First, the goals of the 
game which include both mastery goal orientation 
and performance goal orientation may promote 
students to develop or master specific contents during 
the game (Clark & Martinez-Garza, 2012). In a 
relaxing and joyful game environment, students could 
explore and practice specific knowledge by executing 
the games tasks (Kinzie & Joseph, 2008). They could 
also reflect the appropriateness of their actions or 
decisions by observing the instant feedback (Mikalef, 
Giannakos, Chorianopoulos & Jaccheri, 2012). The 
challenge embedded in the game could engage 
students in a flow state and may increase their 
concentration and persistence in facing the challenge. 
The above-mentioned gaming process may contribute 
to students’ schema development and learning-
transfer (Collins & Halverson, 2010; Klopfer & 
Squire, 2008; Papastergiou, 2009; Paraskeva, 
Mysirlaki & Papagianni, 2010).   
According to the literature in the area of game/board 
game design, well-designed mechanics of a game 
include goals, rules, procedures, path leading to goals 
etc (Kiili, 2005; Mayer & Johnson, 2010; Raybourn, 
2007; Schell, 2008). First, goals of the game should 
be consistent with learning objectives. Goals 
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statement should be clear and challenging. Second, 
rules should be fair and consistent throughout the 
games. In other words, the scores players gain in the 
game should reflect their knowledge or skills. Third, 
players should be provided with information and 
assistance to self-explore and test their strategies. 
Fourth, difficulty of the game should be increased 
with players’ performance. Fifth, feedback provided 
by the game should be responsive and instant. Sixth, 
competition and collaboration among the players are 
necessary. 
 
III. RESEARCH METHOD 
 
3.1. Participants 
 
Thirty-six college students, matriculated in 
educational technology program, participated in the 
study for three consecutive weeks. The participants 
have taken 3 credit-hour class in educational 
psychology. 
 
3.2. Research Design  
Design-based research (DBR) method were adopted. 
First, three serious board games, called J'apprends, 
donc je suis, were designed by the first and third 
authors. Second, the game mechanics were revised 
according to the results of the formative evaluation. 
Two experts first reviewed the game mechanics by 
watching the video that recorded the gaming process. 
They provided feedback on whether the three 
cognitive strategies were appropriately embedded in 
the games. Eight college students were invited to play 
the games and their feedback on the game mechanics 
and flow was collected. 
Third, the summative evaluation was conducted by 
using the pre-and-posttest experimental research 
method to investigate the quality and effects of the 
games on the players’ mastery of the chosen domain 
knowledge.For the duration of the study, participants 
worked in a group of four players to play the three 
board games. Their satisfaction with the games and 
game performance were collected. Furthermore, their 
mastery of the chosen five educational psychology 
theories were assessed at the beginning and end of the 
study. 
 
3.3. The Serious Board Game 
The goals of the games for the players are to master 
five educational psychology theories: 
 
Game 1 (rehearsal strategy)engages the players in 
rehearsing the concepts learned in prior educational 
psychology class by matching the concepts with the 
theories (see Figure 1). The player takes turns to 
randomly flip two concepts, and then answer which 
theories propose these two concepts. If the player 
does not answer correctly, the other player could 
answer and earn the scores. The map and cards are 
present in Figure 2.  

 
Fig.1. The Game Flow of the Board Game1 

 

 
Fig.2.The Map of the Board Game1 & 2 
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Game 2 (organization strategy) engages the players in 
organizing a group of concepts and learn different 
organization strategies by interacting with the peers. 
Each player is required to organize the given 25 
concepts into a concept map. Then s/he has to explain 
his/her concept map and organization strategy to the 
peer in 3 minutes. His or her peer has to recreate the 
concept maps by him/herself. The similarity between 
the two concept maps are scored. At the end of the 
game, the players discuss the strength and weakness 
of the organization strategies proposed by individual 
player.  
Game 3 (elaboration strategy) engages the players in 
elaborating their understanding to their peer (see 
Figure 3). The player takes turn to be a teacher. The 
teacher has to teach the other 3 players how to solve 
the given problems. If the teacher does not know the 
correct solution, s/he will not earn any scores. If the 
teacher find out the correct solution and elaborate her 
problem-solving process which also helps the other 
players to find out the solution, s/he will earn the 
scores.The map and cards are present in Figure 4. 
 

 
Fig.3. The Game Flow of the Board Game3 

 
Fig.4.The Map of the Board Game3 

 
3.4. The Instruments 
 
Two variables were examined. First, the participants’ 
satisfaction with the games was collected by a 
questionnaire, which consists of twenty-five 5-point 
Likert scales (5=strongly agree, 4=agree, 3=no 
opinion, 2=disagree, 1=strongly disagree). The 
reported Cronbachα= .90. Second, the participants’ 
mastery of the five educational psychology theories 
was assessed by the tests. The test includes 31 
multiple choice items and 9 matching items and the 
test-items assess the cognitive levels of remembering, 
understanding, applying and analyzing. To avoid any 
practicing effect, the researcher developed two 
parallel tests, which assessed the same knowledge 
and cognitive levels. The two tests were evaluated by 
two instructors who teach the basic educational 
psychology in university. 
 
IV. RESULTS AND DISCUSSION 
 
4.1. Participants’ Satisfaction with the Games   
Table 1 shows that the participants are satisfied with 
the games. Specifically, they agreed that the games 
helped them to review the theories and to utilize the 
cognitive strategies. They are satisfied with the clarity 
and fluency of the game rules and process. Most 
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importantly, they felt learning was joyful via such 
gaming processes. 
 
 Game1 Game2 Game3 
 Mean SD Mean SD Mean SD 
Goal: Related to 
the theories 4.37 .43 4.26 .67 4.54 .44 

Goal: Related to 
cognitive 
strategies 

4.40 .61 4.34 .61 4.61 .40 

Rules 4.31 .48 4.03 .51 4.69 .45 
Flow/ 
procedure 4.24 .37 4.09 .55 4.52 .40 

Joyfulness 4.25 .65 3.85 .99 4.62 .53 
Table 1. The descriptive statistics of the participants’ 

satisfaction (n=36) 
 
The means, standard deviations of the participants’ 
mastery of the five educational psychology theories 
are listed in Table 2. First, the average post-test score 
(M=89.36) is higher than the pre-test score 
(M=66.69). The paired t-test result supports the 
significant difference between post-test and pre-test 
(t=11.55, p<0.001).  
To address the limitation of single-group 
experimental design, a partial correlation using the 
pre-test score as the control variable was conducted. 
A significant correlation between game performance 
and the post-test scores (r=.39, p=.02) was found. 
Therefore, that the participants’ mastery of the 
theories is enhanced by the games could be 
reasonably inferred. 
 
  Mean SD Range 
mastery of 
the theories 

Pre-test 66.69 12.05 40~96 
Post-test 89.36 8.90 71~103 

Table 2.The descriptive statistics of the examined variable 
(n=36) 

 
CONCLUSIONS 
 
Several important findings were obtained. First, three 
serious board games centering on cognitive strategies 
were developed. The educational features and quality 
of the game mechanics were evaluated by the experts 
and college players. Secondly, the participants are 
satisfied with the games. They agreed that the serious 
games mechanics motivated and helped them to 
master the chosen theories, and utilizecognitive 
strategies in a joyful and challenging environment. 
Third, the participants’ mastery of the chosen theories 
is enhanced by the game. Specifically, the 
participants with better game performance 
demonstrated more knowledge gains after the games.  
This study contributes to the literature on serious 
game design. First, this study incorporated three 
cognitive strategies into serous board games. In 
addition to matching the performance goals of the 
game with the learning objectives of learning specific 
domain knowledge, the researchers put a lot of efforts 

to embed cognitive strategies into game mechanics 
and flow. In other words, the games engaged players 
in deliberately practicing utilizing the cognitive 
strategies. Second, this study moved beyond most 
related serious game-based learning works in which 
the single-play game were evaluated, by instead 
designing serous board games, allowing multiple 
players to compete and collaborate during process. 
The results of this study substantiated the effects of 
serious games on learning. 
 
REFERENCES 
 
[1] Charsky, D., & Ressler,W. (2011). “Games are made for fun”: 

lessons on the effects of concept maps in the classroom of 
computer games. Computers & Education, 56(3), 604–615. 

[2] Clark, D. B., & Martinez-Garza, M. (2012). Prediction and 
explanation as design mechanics in conceptually-integrated 
digital games to help players articulate the tacit understandings 
they build through gameplay. In C. Steinkuhler, K. Squire, & S. 
Barab (Eds.), Games, learning, and society: Learning and 
meaning in the digital age. Cambridge: Cambridge University 
Press. 

[3] Collins, A., & Halverson, R. (2010). The second educational 
revolution: Rethinking education in the age of technology. 
Journal of Computer Assisted Learning, 26(1), 18–27. 

[4] Connolly,T.M., Boyle, E.A., MacArthur, E., Hainey, T., & Boyle, 
J. M. (2012). A systematic literature review of empirical evidence 
on computer games and serious games. Computers & Education, 
59(2), 661–686. 

[5] Hoffman, S. (1997). Elaboration theory and hypermedia: Is there 
a link? Educational Technology, 37(1), 57-64. 

[6] Kiili, K. (2005). Digital game-based learning: towards an 
experiential gaming model. Internet and Higher Education, 8, 13–
24. 

[7] Kinzie, M. B., & Joseph, D. R. D. (2008). Gender differences in 
game activity preferences of middle school children: implications 
for educational game design. Educational Technology Research 
& Development, 56, 643–663. 

[8] Kim, B., Park, H., & Baek, Y. (2009). Not just fun, but serious 
strategies: using meta-cognitive strategies in game-based 
learning. Computers & Education, 52(4), 800–810. 

[9] Klopfer, E., & Squire, K. (2008). Environmental detectives – the 
development of an augmented reality platform for environmental 
simulations. Educational Technology Research and Development, 
56(2), 203–228. 

[10] Mikalef, K., Giannakos, M. N., Chorianopoulos, K., & Jaccheri, 
L. (2012). “Do not touch the paintings!” The benefits of 
interactivity on learning and future visits in a museum. In 
Entertainment computing –ICEC 2012, Vol. 7522/2012 (pp. 553–
561). 

[11] Mayer, R. E., & Johnson, C. I. (2010). Adding instructional 
features that promote learning in a game-like environment. 
Journal of Educational Computing Research, 42(3), 241–265. 

[12] Mohammad, R. (2011). Use of syntactic elaboration techniques to 
enhance comprehensibility of EST texts. English Language 
Teaching, 4(1), 11-17. 

[13] Papastergiou, M. (2009). Digital game-based learning in high 
school computer science education: impact on educational 
effectiveness and student motivation. Computers &Education, 
52(1), 1–12. 

[14] Paraskeva, F., Mysirlaki, S., & Papagianni, A. (2010). 
Multiplayer online games as educational tools: facing new 
challenges in learning. Computers & Education, 54(2), 498–505. 

[15] Raybourn, E. M. (2007). Applying simulation experience design 
methods to creating serious game-based adaptive training 
systems. Interacting with Computers, 19, 206–214. 

[16] Schell, J. (2008). The art of game design: A book of lenses. 
Burlington, MA: Morgan Kaufmann Publishers. 

[17] Seifert, T. L. (1994). Enhancing memory for main ideas using 
elaborative interrogation. Contemporary Educational Psychology, 
19(3), 360-366. 

[18] Wittrock, M. C. (1978). The cognitive movement in instruction. 
Educational Psychology, 13, 15-29. 


