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Background & Objective: This study contributed to the current body of literature on 

educational games by comparing medical students’ flow experience in three types of 

educational games developed based on three learning theories: behavioral, cognitive, and social.  
 
Materials & Methods: A quasi-experimental repeated measure design was employed. A total 

of 39 second-year medical students played three neuroanatomy educational games developed 

based on cognitive, behavioral, and social learning theories. At the end of each game, students 

completed a standard flow experience scale developed by Pearce et al. (2005) with Content 

Validity Ratio=0.65 and Alpha=0.76 in our context. The repeated-measures ANOVA was used 

for the comparisons of three games.  
 
Results:  No evidence was found to indicate that the flow experience of medical students differs 

when they play cognitive, behavioral, or social educational games (P=0.40). The repeated 

measure test showed that the mean of students’ scores on subdomains of flow experience 

(Enjoyment (P=0.10), engagement (P=0.46), and control (P=0.82) did not differ significantly 

in three different games.  
  
Conclusion: Based on the results of this study, it was observed that the different dimensions of 

flow (i.e., engagement, control, and enjoyment) are not statistically significant in the three types 

of games. It seems that all three types of games have brought a high level of engagement, a 

sense of control over learning, and a high level of enjoyment for students. However, considering 

the lessons learned from this intervention, the social game could be seen as a “learning ground” 

for enabling a host of skills, including the ability to engage in shared decision-making in teams.  
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Introduction  

Numerous positive outcomes have been linked to well-

designed, robust educational games such as motivation, 

satisfaction, engagement, joy, captivation, immersion, 

creativity, and problem-solving (1-6). Currently, the 

relationship between flow experience and the mentioned 

outcomes is under investigation in educational games in 

higher education, mostly outside the field of medical 

education (7-9). Flow experience according to 

Csikszentmihalyi’s theory (1996) is a state of full 

immersion with enjoyment in a learning activity or 

complete absorption in what a person (i.e., a student) do. 

To put it in other words, flow experience means deep 

involvement in the current moment.  From the 

perspective of Beylefeld, the theory of flow experience 

is a well-known framework for studying game-based 

learning activities (3). 

The selection of a pedagogical perspective is among the 

concerns about designing educational games. Game 

developers are, generally, focused on practical and 

mechanical aspects of the games; however, theoretical 

foundation aspects are neglected. Based on what we 

know from the related literature, if learning theories are 

utilized, the educational effect of games can be 

magnified. Moreover, from a review of the related 

literature, it is apparent that different pedagogical 

theories can underlie educational games: behavioral, 

cognitive, and social (10). Nowadays, these learning 

theories are widely used in medical education (11). 

Cognitive learning theories portray learning as a mental 

process, concerning information processing and 

perception. Social theories of learning explain learning 

as a team-based activity. Behavioral learning theories 

explore the way a stimulus can shape behavior, focusing 

on reinforcement and punishment (11). 

Although several studies have investigated medical 

students’ attitudes, knowledge, skills, satisfaction, 

experience, and acceptance of educational games (12-

16), only a limited number of studies investigated the 

flow experience of medical students in a game-based 

learning environment (3, 17, 18). However, these studies 

did not compare flow experience in three types of 

educational games based on a pedagogical perspective 

(7). Therefore, our research question arises: Is flow 

experience and its subscales (engagement, enjoyment, 

and control) different when medical students play 

cognitive, behavioral, or social educational games?  

Materials & Methods 

Design and setting(s)  

The study took place at the Tehran University of Medical 

Sciences, Tehran, Iran, during 2020-2021. Based on the 

research question and considering the feasibility of the 

study in our setting, we adapted a quasi-experimental 

repeated measure design. 
 
Participants and sampling 

Repeated measures enable assessment of within-person 

change over time/over experiments (19). A group of 

randomly selected (based on a random number table) 

second-year medical students played three educational 

games developed based on cognitive, behavioral, and 

social learning theories. At the end of each game, 

students completed the flow experience scale (20). Due 

to the mandates of social distancing of Covid-19, a 

virtual platform “BigBlueBotton” with breakout rooms 

was used to run the games. Sessions were facilitated by 

four trained and experienced senior medical students. 

The content was neuroanatomy and there was one-week 

washout period. The order of the games was determined 

by lottery (cognitive, behavioral, and social). A snapshot 

of the design of this intervention is provided in Figure 1.  
 
Sampling method and sample size 

The required sample size was calculated as 38 to have 

90% power for detecting a medium effect size=0.25. 

Considering a 15% attrition rate, we reached 45 

participants, out of 110 for the final sample size. The G-

power software was used for sample size calculation 

and medical students were recruited by random table 

numbers.  
 
Inclusion and exclusion criteria 

All second-year medical students who passed the 

nervous system block (one of the blocks of the basic 

sciences course) were included in the present study. As 

flow experience was the main variable in our study, 

exclusion criteria were any condition that could have an 

impact on this state based on the self-report form 

(Appendix 1). Furthermore, those who were not able to 

participate in all three games were excluded. the self-

report form was completed by all participants 24 h before 

implementing the games. There was no case for 

exclusion.  
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Figure 1. Intervention in a snapshot (19, 21) 

 
Tools/Instruments  

The flow experience scale developed by Pearce et al. in 

2005 was used (20). The flow experience scale consists 

of 12 items in a 5-point Likert-type ranging from 1 

(strongly disagree) to 5 (strongly agree). The scale has 

three subscales of enjoyment, engagement, and control. 

The higher the scores were, the higher the flow of 

experiences students would have (20). The opinions of 

15 faculty members of the Tehran University of Medical 

Sciences were obtained to examine the content validity 

of the scale using the Content Validity Ratio method, 

both qualitatively and quantitatively in our context. They 

specialized in medical education (CVR=0.65). 

Following this, a cognitive interview with students was 

performed to ensure face validity (22). To ensure 

transparency or relevance of the instrument from the 

participants' viewpoint, virtual interviews with five 

students were held using Skype Microsoft Corp 

(NASDAQ: MSFT). The scale was administered to a 

group of 27 medical students, different from the students 

who participated in the main study, after a pilot 

educational game in an anatomy class, and the alpha 

coefficient was calculated (Alpha=0.76).  

Data collection methods & Procedure  

The three educational games were compared. We 

developed three Game Design Documents (GDD), a 

guide that is used throughout game development (23). 

Then, to confirm the validity of educational games, a 

panel of five experts in the field of medical education 

with experience in educational game development 

independently sent their suggestions on the GDDs, 

especially in terms of 1) Pedagogy criteria (team-based 

and cooperative approach for social game, problem-

solving and equilibration for cognitive game, and 

reinforcement and punishment for behavioral game) 

(11), 2) Feasibility for implementation on a virtual 

platform, 3) Soundness and 4) Fun as the main factor that 

should be integrated into educational games (24). The 

details of the process of each game are provided in 

Appendix 2.  

Game A (Cognitive game): This game was a word board 

game. Students individually advanced through the board 

by correctly answering the questions and solving the 

password of the game, which in this case was 

“Hippocampus”. A total of 12 questions were developed 

with an emphasis on content from neuroanatomy 

textbooks. The person who was able to guess the word in 

due time (even if some answers were incorrect) was the 

winner.    

Game B (Behavioral game): This game was a quick 

question type one. Students had a time limitation (45 

min) to get scores of four packages ordered by the level 

of precedence; Bronze (40 Multiple Choice Questions 

each with 50 scores), Silver (40 short answer questions 

each with 100 scores), Golden (20 long answer questions 

each with 200 scores) and Diamond (four case scenarios 

required analysis and problem-solving each with 400 

scores). Wrong answers had negative points and the 
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winner was who could get 7,000 points. All questions 

were developed with an emphasis on content from 

neuroanatomy. This game was an individual endeavor 

(Figure 1).  

Game C (Social game): The social game had three parts, 

including a maze, an information store, and a case. 

Firstly, teams (4-5 members) played a maze for 5 min to 

get some information and hints, in predefined milestones 

plus coins that would help them to solve the case in the 

final part. Then, a brief history of the case was presented 

to the team. After that, they entered the information store 

to wisely pay some coins and buy the required 

information needed to solve the case. For instance, test 

results, more signs or symptoms, normal/abnormal MRI, 

angiography results, guidance, and basic science 

knowledge. Finally, they had to analyze and synthesize 

all information together and solve the case. All three 

parts required a team-based discussion, shared decision-

making, and cooperation to advance game C.  

Based on Gall and Gall and Borg the interaction of 

background, growth, and selection is time-dependent and 

was not considered a threatening factor in the present 

study. However, test effect and attrition can be viewed as 

threats to internal validity (25). In the current study for 

all three types of games, we used the same questionnaire, 

to control the effect of test-wiseness threat, we defined a 

one-week washout time between each game and also 

emphasized that students should fill out the questionnaire 

about their specific experience based on each game. 

Attrition means the drop of students due to absence or 

avoidance of participation in the study, to avoid the 

attrition effect we considered a 15% attrition rate, and 

reached 45 participants for the final sample size. A major 

threat to the external validity of this study was the 

interference of multiple experimental procedures. In the 

sense that the effectiveness or non-execution of one 

game type may be affected by the execution or non-

execution of another game type, to control this effect we 

had a one-week washout time and students were asked to 

fill out the questionnaire immediately after playing each 

game. A detailed description of the intervention process 

was provided to increase external validity based on Gall's 

recommendation (25).  

Data analysis 

Statistical analysis was carried out in SPSS (version 25; 

IBM SPSS Statistics). This design was complete and 

normal because the number of observations in all levels 

was equal (one sample repeated all interventions), Data 

were presented using the mean (SD). the repeated-

measures ANOVA was used for the comparisons of the 

three games. In this case, the assumption of sphericity 

was assessed by Mauchly’s test, and then, to correct any 

deviation from the assumption, the Greenhouse–Geisser 

correction was applied. A P-value less than 0.05 was 

considered statistically significant.  

 

Results  

Thirty-nine medical students took part in three 

educational games and completed the questionnaires. 

Respondents’ age mean was 20.58 (SD=1.82), 

20(51.3%) were male and 19(48.70%) were female. The 

grade point average was 17.83 (SD=1.15). All 

participants represented eight learning teams for the 

social game. Seven teams had five members and one 

team had four members (Table 1).  
 
Table 1: Demographics of Second-Year Medical Students, 

Tehran University of Medical Sciences  
 

Gender Age GPA 

female male 

Mean (SD) Mean (SD) 
Frequency  

(%) 

Frequency 

(%) 

19 (48.7) 20 (51.3) 20.58 (1.82) 17.83 (1.15) 

 

No evidence showed that the flow experience of medical 

students differs when they play cognitive, behavioral, or 

social educational games.  The mean of flow was 

42.59(SD=4.20) for cognitive, 43.15(SD=4.63) for 

behavioral, and 43.74(SD=5.99) for the social game 

(F=0.87, P=0.40). The repeated measure test showed that 

the mean of students’ scores on subdomains of flow 

experience (enjoyment, engagement, and control) did not 

differ significantly in the three games. The mean was 

15.87(SD=1.99) in the enjoyment subscale for the 

cognitive game, 16.54(SD=1.93) for the behavioral 

game, and 16.61(SD=2.55) for the social game (F=2.34, 

P=0.10). In the engagement subscale, the mean was 

11.90(SD=1.55) for the cognitive game, 11.47(SD=1.52) 

for the behavioral game, and 12.08(SD=1.38) for the 

social game (F=0.78, P=0.46) and in control subscale the 

mean was 14.82 (SD=2.14) for cognitive, 14.87 

(SD=2.45) for behavioral, and 15.05 (SD=2.96) for the 

social game (F=0.14, P=0.82) (Table 2). 
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Table 2. Flow experience and its subscales of second year medical students in Cognitive, Behavioral and Social educational games 
 

 Enjoyment Engagement Control Flow 

Cognitive 15.87(1.99) 11.90(1.55) 14.82(2.14) 42.59(4.20) 

Behavioral 16.54(1.93) 11.74(1.52) 14.87(2.45) 43.15(4.63) 

Social 16.61(2.55) 12.08(1.38) 15.05(2.96) 43.74(5.99) 

Mauchly's Test of Sphericity 

(Mauchly's W, P-value) 
0.88 , 0.10 0.86 , 0.06 0.75 , 0.005 0.78 , 0.01 

Tests of Within-Subjects 

Effects (F, P-value*) 
2.34 , 0.10 0.78 , 0.46 0.14 , 0.82 0.87 , 0.40 

 
*P-value was reported based on Mauchly's Test, if p-value of Mauchly's W was less than 0.05, Greenhouse-Geisser was assumed 

Discussion 

This study using a quasi-experimental model, explored 

the difference in the flow experience and its subscales 

(engagement, enjoyment, and control) of medical 

students when playing cognitive, behavioral, or social 

educational games. We hypothesized that flow 

experience and its subscales would differ in three types 

of educational games based on a pedagogical 

perspective. Although the effect of the educational 

pedagogy of a game on flow experience had been 

anticipated, we found none. Many variables contribute to 

flow experience; however, fun, level of difficulty, and 

challenges are among the most important ones. Jongwoo 

Kim (2015) states that fun is the key element to inducing 

the flow and emotional fun is the most effective 

compared to the other types (cognitive and social). Most 

likely, Fun overcomes the theoretical foundation of a 

game to induce the flow (26). Furthermore, our games 

were adapted to perform in a virtual platform due to 

social distancing restrictions, consequently, results may 

have been different if the interventions occurred face to 

face. However, an alternative explanation is using only 

one group to measure the effects of the interventions on 

flow experience. Results may have been different if three 

different groups were allocated to each game. Based on 

the results of this study, we observed that the different 

dimensions of flow (i.e., engagement, control, and 

enjoyment) are not statistically significant in the three 

types of games. It seems that all three types of games 

have brought a high level of engagement, a sense of 

control over learning, and a high level of enjoyment for 

students. Barzilia and Blau showed that if the student has 

a state of flow experience during the learning activity, 

there is a high probability that learning the content will 

also happen (27). There is a systematic review 

investigating flow experiences in educational games. 

Five studies included and reported positive results 

regarding the impact of immersion in the learning 

activities. This study did not report which subscales of 

flow in educational games resulted in a positive effect, or 

which characteristics were the result of this positive 

effect (28). The most important question in the current 

study is that if the fundamental pedagogy of a game does 

not lead to change in the flow state, what good is it? And 

what happens if the game developers do not use any 

pedagogy of learning? In the game literature, the flow is 

the potential element for learning, motivation, and 

immersion in the learning activity. Moreover, it must be 

valuable that we consider the other aspects of using the 

pedagogy of learning for game development. From what 

we learned from this study, the behavioral and cognitive 

games required recognizing and remembering 

knowledge; however, in the social game, students were 

supposed to construct knowledge, cooperate, use hints, 

gather information, and integrate team knowledge to 

advance through the game. The learning vibe of the 

social game was cooperative. Additionally, students 

were able to fill their gaps of knowledge in a team-based 

context like the other team-based learning activities (29). 

In other words, students learn new knowledge, while 

taking part in a social game. All games were fun, 

exciting, and enjoyable, as Paulo R. Shiroma states that 

playing games enhance enjoyment (30). Medical 

students were more active during the social game. 

Studies have shown that students engaging in a social 

context of learning (i.e., educational games) enhances 

their competence to practice as team members (31).  

Considering that the current research deals with the 

design of non-digital educational games, future studies 

could be conducted on digital games. There is a need to 

https://www.tandfonline.com/author/Shiroma%2C+Paulo+R
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compare the effectiveness, time requirement, impact on 

learning, and acceptance of these games by students and 

teachers.  In the current study, the game was played on a 

virtual platform due to covid-19 restrictions. It is 

proposed to make comparisons with respect to playing 

games in face-to-face sessions. Other effects of game 

types on motivation and learning are suggested for 

further research.  

The major strengths of the current study are grounding in 

educational theories and applying three pedagogies of 

learning for developing educational games. This study 

has some limitations. Firstly, there was no control group 

and one group took part in all three games; therefore, to 

reduce this limitation, a one-week washout was 

considered to reduce the effects of interactions between 

three interventions (three games) as a treatment of 

internal validity. Secondly, the study was performed in a 

virtual learning platform (BigBlueButton), and this may 

affect the flow experience of medical students. Thirdly, 

the games were used as an additional learning activity to 

the main teaching course. As Akl et al. recommended in 

their review, medical educators should be careful 

whether the game is helping to reach educational 

objectives (24). Finally, the other aspects of the 

intervention on the learning outcomes (e.g., actual 

learning and higher-order thinking abilities) were not 

measured. 

Conclusion  

Based on the findings of the present research, the flow 

experience did not differ in the three educational games. 

Moreover, we observed that the different dimensions of 

flow (engagement, control, and enjoyment) were not 

statistically significant in the three types of games. It 

seems that all three types of games have brought a high 

level of engagement, a sense of control over learning, and 

a high level of enjoyment for students. Considering 

medical students have to pass various comprehensive 

exams they are generally focused on learning biomedical 

science, which was important in designing our 

behavioral and cognitive games. With the primary focus 

on the development of competencies for the practice of 

medicine in medical education, not just knowledge, 

medical teachers seek ways to develop those 

competencies of medical students that will enhance their 

team skills. Becoming a member of a healthcare team 

requires a host of skills, including the ability to engage 

in shared decision-making. The social game experience 

could be seen as a “learning ground” for enabling these 

skills. 
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