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Abstract 
Information integration and decisions-making competence have gained much attention in many 
fields. Assisting learners to have efficient logical reasoning and to make accurate decisions, 
and further form their decision-making patterns is a great issue. Therefore, exploring learners’ 
status and process in the decision-making game is the foundation for future learning and 
teaching. The study developed an online detective game to explore learners' flow state as a pilot 
study. The scenario of this game is to provide the exact position of the missing girl with limited 
time. The learning goal of this game is to analyze the clues in the game, applying any online 
tools and information to locate the missing girl’s position precisely. There are 48 participants 
above 20 years old from E-recruitment and participate in the study online. Preliminary results 
suggested that participants’ flow state revealed their high engagement in the game. According 
to one sample t-test, all nine dimensions of flow are higher than median 3. The learners revealed 
that they perceived well flow antecedents, especially challenge–skill balance, goals of an 
activity, control are high above 3.5. Even action–awareness merging which is relatively 
difficult to achieve high in similar game-based learning was high as well. As for flow 
experience, concentration, the transformation of time, and autotelic experience were high 
above 4. The designs and mechanism of this game based on cognitive theory are clear to guide 
learner joining and engage learners in the game. Future study can explore the effects of 
provided scaffoldings and learning behavior patterns. 
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Introduction 
	
Decision-making is an important topic in many fields for decades. Decision-making training 
has gained more attention. Game-based learning (GBL) describes an environment where game 
content and game play enhance knowledge and skills acquisition, and where game activities 
involve problem solving spaces and challenges that provide players/learners with a sense of 
achievement (e.g., Kirriemuir & McFarlane, 2004; McFarlane, Sparrowhawk, & Heald, 2002; 
Prensky, 2001). During the pandemic period, DGBL became an important alternative and trend 
in education. DGBL is an approach, where digital games and instructional materials were 
integrated together. This is due to the fact that DGBL provides students with opportunities to 
take the initiative in their learning by analyzing, synthesizing, evaluating, and performing 
higher-order thinking skills, such as critical thinking and problem-solving (Dindar, 2018; 
Yang, 2015). Moreover, DGBL can potentially improve learning motivation (Huizenga, 
Admiraal, Akkerman, & ten Dam, 2009), provide immediate feedback (Yang, Lin, & Liu, 
2017), develop complex problem-solving skills (Eseryel, Law, Ifenthaler, Ge, & Miller, 2014), 
reduce anxiety (Pham Q, Khatib Y, Stansfeld S, et al, 2016) and enhance learning performance 
(Chen & Lin, 2016; Wang & Chen, 2010).  
 
State of flow, referring to high levels of engagement, is important to enhance performance and 
other learning outcomes. Students with high flow are fully involved in the activity referred to 
high levels of interactivity, challenge, and feedback (Engeser, 2012). Several researchers have 
found a positive correlation between students’ flow experiences and learning outcomes in 
game-based learning environments (Hsu & Lu, 2004; Kiili, 2005). Correspondingly, these 
important factors in students’ game flow experiences should be considered when applying 
game-based learning. 
 
According to Young et al. (2012), successful GBL is not simply providing students with a game 
and expecting increased motivation and knowledge acquisition; therefore, educational games 
need to be designed and researched with careful attention to contemporary learning theories. 
Game designs without appropriate learning/cognitive theories as base would cause negative 
effect (Charsky & Ressler, 2011; Hong, Cheng, Hwang, Lee, & Chang, 2009; Hwang, Sung, 
Hung, & Huang, 2012; Provenzo, 1992). 
 
Developing educational game to optimize engagement is necessary. Therefore, game 
mechanisms of educational games need to be designed and researched with careful attention to 
integrate instructional strategies and contemporary learning theories (Young et al., 2012; 
Kebritchi, 2008). 
 
Situated learning (Brown et al., 1989) refers that learner can explore the knowledge and 
cultivate competence in the real-world context. Game-based learning are gradually applied in 
different fields of education and provide vivid learning experience (Prensky, 2003). Simulation 
games scenarios and roles-play may enhance performance (Bayir, 2014; Hou & Lin, 2015; Hou 
& Liu, 2015; Hou et al., 2016), promote learners’ motivation and engagement in learning (Bos 
& Shami, 2006; Pata, Lehtinen, & Sarapuu, 2006; Wishart, Oades, & Morris, 2007). This study 
developed an educational digital game based on cognitive theories and flow theories (Lin & 
Hou ,2016; Hou & Lin, 2015; Hou & Liu, 2015; Hou et al., 2016) – Finding the little girl Yu 
to promote students’ engagement and achievement in decision making training. 
 
 
 



Methods 
	
Game Design- Finding the little girl Yu 
	
The game employed in this study was Finding the little girl Yu, a detective and reasoning 
educational game to train decision-making ability developed by National Taiwan University 
of Science and Technology Mini Educational Game (NTUST-MEG) research group. Due to 
covid-19, this is a virtual version; this game designed on Google earth and google document 
and learners communicate through google meet. Also, they can use all the information and 
resource from internet. Finding the little girl Yu integrates situated learning with a lost girl 
Yu case, learners have to use their observation, clue analysis, strategy planning and most 
important decision-making ability. The main game mechanism is clue analysis to promote 
learners to observe the detail of the clues from the police. Then, learners through decision-
making and strategy planning provide the final position of little girl Yu to the police. The 
whole game is shown as Figure 1 and Figure 2 is the capture shoot of Finding the little girl 
Yu game experiment. 
 
The participants of this study were 48 participants from e-recruitment from Taiwan and were 
grouped into 3 people group(n=12) for the learning activity. To evaluate learners’ state of 
flow, this study referred to Kiili’s flow scale (2006), which was translated and revised by Hou 
and Chou (2012). The flow scale includes two dimensions, namely the flow antecedent and 
flow experience. All scales were scored on a five-point Likert scale. The reliability of the flow 
questionnaire of group team (Cronbach’s alpha=0.87) and personal team (Cronbach’s 
alpha=0.88) showed high internal consistency. 
 

 
Figure 1. Content of Finding the little girl Yu 

 



 
Figure 2. Capture Shoot of Finding the little girl Yu Game Experiment 

 
Table 1. Research Procedure 

Procedure Session time Description 
Game instruction 10 minutes Game instruction and familiar with the game 
Playing game 60 minutes Each group starts play the game. 
Posttest 10 minutes After playing the game, students were asked 

to complete Flow scale and game acceptance 
were administered in this session. 

Interview 10 minutes Interview each players their experience and 
feedback about the game 

 
To evaluate the game Finding the little girl Yu, a 90 minutes learning activity was employed. 
The procedure was shown in Table 1. Participants joined in the google meet for game 
instruction. They collaborate to finish the task through communicate with google meet and 
google document. After they all were familiar with the game and interface, they started the 
game on google earth. After learners completed playing the game, they then took flow scale 
survey. 
 
Results and Discussions 
	
Finding the little girl Yu, was developed based on cognitive theories, flow theories and 
situated learning. The game was to assist students to train their decision-making ability. This 
preliminary research was to evaluate the game with the learners’ state of flow. 
 
Table2 revealed the descriptive analysis and one sample t test of the learners’ flow state. As 
shown in Table 2, students in general positively evaluated the game – Finding the little girl 
Yu and the overall flow score (M=3.98, SD=0.44) significantly higher than median 3 (t=15.24, 
p<0.00). Regarding flow antecedents, Finding the little girl Yu provided clear goals and 
feedback, sense of control and playable. These positive perceptions of flow antecedents 
revealed that this game had features to assist student positively engaging in the game. 
Especially challenge–skill balance, goals of an activity, control are high above 3.5. However, 
one thing to note is that action–awareness merging was significant difference from median 3. 
This result was different from previous researches (Chen & Hou,2020; Kuo et al., 2018). This 
finding might be attributed to the nature of this game was designed for training ability and 
previous studies mainly focus on specific domain knowledge. In this game, learners knew 
what they were doing and what they were doing for. In knowledge based educational game, 



the learning goal were wrapped in the game mechanism and rule, learners would not easily 
perceive they were learning. Therefore, both game design and the type of educational game 
might be the reason. Regarding the flow experience, concentration, the transformation of time, 
and autotelic experience were high above 4. The result showed that learners had engaged in 
the game.  
 

Table 2 Descriptive Analysis and One Sample T Test of Learners’ Flow 
Dimension M SD Cronbach’s 

Alpha t p 

Flow antecedents 3.86 0.44 0.73 13.33*** 0.00 
Challenge-skill 
balance 3.71 0.62 0.33 7.94*** 0.00 

Goals of an activity 4.28 0.51 0.33 17.24*** 0.00 
Unambiguous 
Feedback 3.62 0.64 0.52 6.68*** 0.00 

Control 3.93 0.78 0.64 8.22*** 0.00 
Action–awareness 
merging 3.73 0.66 0.24 7.66*** 0.00 

Flow experience 4.08 0.55 0.85 13.56*** 0.00 
Concentration 4.38 0.70 0.89 13.56*** 0.00 
Time distortion 4.15 0.90 0.82 8.90*** 0.00 
Autotelic experience 4.33 0.68 0.90 13.48*** 0.00 
Loss of self-
consciousness 3.10 0.93 0.68 0.77 0.44 

Overall Flow 3.98 0.44 0.87 15.24*** 0.00 
* p<.05 ** p<.01 *** p<.001 
 
Conclusions and Limitations 
	
To sum up, Finding the little girl Yu integrating situated learning and clue analysis with 
cognitive design was a well-designed educational game to engage learners. Both group team 
and personal team learners involved in the game. 
 
The context of finding a lost girl was embedded in the game to enhance the degree of situation 
and authenticity, which further enabled student being more immersed in game to engage 
learners and promote decision-making training. This preliminary study showed students’ 
positive evaluation in terms of engagement Especially, action–awareness merging was 
significant difference from median 3. Which is different from previous researches (Chen & 
Hou,2020; Kuo et al., 2018). The reason might be that the nature of this game was designed 
for training ability and previous studies mainly focus on specific domain knowledge. 
 
For the further study, deep analysis of ARCS, anxiety, motivation, gender, high/low learners’ 
difference, and decision-making process behavior will be conducted. Also, how scaffolding 
in the game might help student to learn better will be investigated. Lastly, interview is needed 
for further understanding learning gain and triangulation as well.  
 
 



Acknowledgements 
 
This research was supported by the projects from the US Air Force Office of Scientific 
Research (AFOSR) project (20IOA038) and Ministry of Science and Technology, Republic of 
China, under contract number MOST- 107-2511-H-011 -003 -MY3, MOST-108-2511-H-011 
-003 -MY3. 
 
 
  



Reference 
 
Bayir, E. (2014). Developing and Playing Chemistry Games To Learn about Elements, 

Compounds, and the Periodic Table: Elemental Periodica, Compoundica, and 
Groupica. Journal of Chemical Education, 91 (4), 531–535. 

 
Bos, N., & Shami, N. S. (2006). Adapting a face-to-face role-playing simulation for online 

play. Educational Technology Research and Development, 54(5), 493–521. 
 
Brown, J. S., Collins, A., & Duguid, P. (1989). Situated cognition and the culture 

of learning. Educational Researcher, 18(1), 32–42. 
 
Charsky, D., & Ressler, W. (2011). “Games are made for fun”: Lessons on the effects of 

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

 
Chen, Y. C., & Hou, H. T*.(2020) Development and Evaluation of a Computer Supported 

Collaborative Learning Tool for Teaching Activities Using Educational Board Games, 
paper presented at the International Conference on Computers in Education 
(ICCE2020), 23-27 November 2020 (online) 

 
Chen, H. R., & Lin, Y. S. (2016). An examination of digital game-based situated learning 

applied to Chinese language poetry education. Technology, Pedagogy and Education, 
25(2), 171–186. 

 
Dindar, M. (2018). An empirical study on gender, video game play, academic success and 

complex problem solving skills. Computers & Education, 125, 39–52. 
 
Engeser, S. (2012) Advances in Flow Research. Springer-Verlag, New York. 
 
Eseryel, D., Law, V., Ifenthaler, D., Ge, X., & Miller, R. (2014). An investigation of the 

interrelationships between motivation, engagement, and complex problem solving in 
game-based learning. Educational Technology & Society, 17(1), 42–53. 

 
Hong, J. C., Cheng, C. L., Hwang, M. Y., Lee, C. K., & Chang, H. Y. (2009). Assessing the 

educational values of digital games. Journal of Computer Assisted Learning, 25, 423–
437. 

 
Hou, H. T, Lin,W.S.,Li,M.C.,Wang,C.P.,& Shen,C.C. (2016) Educational Board-game 

“Chemistry Story” for chemistry instruction: Cognitive mechanism design and game 
evaluation of learners’ flow, learning achievement and, Global Chinese Conference 
on Innovation & Applications in Inquiry Learning 2016, 2016/07/10-12 Shenzhen, 
China 

 
Hou, H. T, & Liu,L.C. (2015) Board-game for history instruction: Applying cognitive 

scaffolding-based board game “Voyage with Taiwan” to history instruction in a junior 
high school and analysis of learners’ flow, acceptance and learning achievement, 
Global Chinese Conference on Innovation & Applications in Inquiry Learning 2015, 
2015/7/10-12, Wuxi, China 

 



Hou, H. T. (2015). Integrating cluster and sequential analysis to explore learners&#39; flow 
and behavioral patterns in a simulation game with situated-learning context for 
science courses: a video-based process exploration, Computers in Human Behavior, 
48, 424-435. 

 
Hou, H. T. (2015). Integrating cluster and sequential analysis to explore learners’ flow and 

behavioral patterns in a simulation game with situated-learning context for science 
courses: A video-based process exploration. Computers in human behavior, 48, 424-
435. 

 
Hou, H. T., & Chou, Y. S. (2012). Exploring the technology acceptance and flow state of a 

chamber escape game-Escape The Lab© for learning electromagnet concept. The 20th 
International Conference on Computers in Education (ICCE2012), Singapore, 
November 26-30, 2012. 

 
Hou, H. T.,* & Lin, Y. H. (2015). The Game-based Learning Activity Integrating Board 

Game and Mobile Online Searching Tasks for History Learning, poster presented at 
the 23th International Conference on Computers in Education (ICCE2015), 
Hangzhou,China, 11/30-12/4, 2015 

 
Hsu, C. L., & Lu, H. P. (2004). Why do people play online games? An extended TAM with 

socialinfluences and flow experience. Information and Management, 41, 853–868. 
 
Huizenga, J., Admiraal, W., Akkerman, S., & Dam, G. T. (2009). Mobile game-based 

learning in secondary education: engagement, motivation and learning in a mobile 
city game. Journal of Computer Assisted Learning, 25(4), 332-344. 

 
Hwang, G. J., Sung, H. Y., Hung, C. M., & Huang, I. (2012). Development of a personalized 

educational computer game based on students’ learning styles. Educational 
Technology Research & Development, 60(4), 623–638 

 
Kirriemuir, J., & McFarlane, A. (2004). Literature review in games and learning (Vol. 8). 

Bristol, UK: Futurelab. 
 
Kiili, K. (2005). Digital game-based learning: Toward an experiential gaming model. Internet 

and Higher Education, 8, 13–24. 
 
Kiili, K. (2006) Evaluations of an experiential gaming model. An Interdisciplinary Journal on 

Humans in ICT Environments, 2(2), 187-201. 
 
Kuo C. C., Fang, Y. S., Wang, S. M., Li, Y. Y., & Hou, H. T. (2020) A Preliminary Study of 

A Business-Management/Strategic-Planning Board Game with Situated Learning 
Mechanisms, paper presented at the 14th European Conference on Games Based 
Learning (ECGBL2020), 24th – 25th September 2020, Brighton, UK. 

 
McFarlane, A., Sparrowhawk, A., & Heald, Y. (2002). Report on the educational use of 

games. Cambridge: TEEM (Teachers evaluating educational multimedia). 
 
Pata, K., Lehtinen, E., & Sarapuu, T. (2006). Inter-relations of tutor’s and peers’ scaffolding 

and decision-making discourse acts. Instructional Science, 34(4), 313–341. 



Prensky, M. (2001). Digital game-based learning. New York, NY: McGraw-Hill. 
 
Provenzo, E. F. (1992). What do video games teach? Education Digest, 58, 56–58. 
 
Pham, Q., Khatib, Y., Stansfeld, S., Fox, S., & Green, T. (2016). Feasibility and efficacy of 

an mHealth game for managing anxiety:“flowy” randomized controlled pilot trial and 
design evaluation. Games for health journal, 5(1), 50-67. 

 
Wang, L. C., & Chen, M. P. (2010). The effects of game strategy and preference-matching on 

flow experience and programming performance in game-based learning. Innovations 
in Education and Teaching International, 47(1), 39–52. 

 
Wishart, J. M., Oades, C. E., & Morris, M. (2007). Using online role play to teach internet 

safety awareness. Computers and Education, 48(3), 460–473. 
 
Yang, Y.-T. C. (2015). Virtual CEOs: A blended approach to digital gaming for enhancing 

higher order thinking and academic achievement among vocational high school 
students. Computers & Education, 81, 281–295. 

 
Yang, J. C., Lin, Y. L., & Liu, Y. C. (2017). Effects of locus of control andbehavioral 

intention on energy education via game-based learning. Environmental Education 
Research, 23(6), 886–899. 

 
Young, M. F., Slota, S., Cutter, A. B., Jalette, G., Mullin, G., Lai, B., et al. (2012). Our 

princess is in another castle: a review of trends in serious gaming for education. 
Review of Educational Research, 82, 61-89. 

 
 
Contact email: hthou@mail.ntust.edu.tw  
 


