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Introduction  

Pharmacists are the most accessible healthcare providers 

and are appropriately placed to contribute to the 

diagnosis, management, and follow-up of diabetic 

patients (1). The role of pharmacists in the healthcare 

system has changed dramatically from drug dispensers to 

pharmacotherapy consultants. Therefore, the methods of 

pharmacy education should be changed following this 

role modification. The classic lecture-based teaching 

does not meet the current needs, and active learning is 

required to prepare pharmacy students for higher-level 

services (2). 

Several learning methods have been investigated to 

involve the students in an active learning process. Active 

learning is defined as any educational method that 

involves students in the learning course (3). These 

include but are not limited to the flipped classroom, 

team-based learning, case-based learning, and audio 

response systems (4, 5). As emphasized in Knowles’ 

theory, adult learning is problem-oriented rather than 

content-based. This method allows them to apply their 

knowledge practically (6). 

Educational games are one of the promising techniques 

of active learning in which the players learn new skills, 

simulate real situations, and develop their social and 

emotional abilities. The purpose of these games is not 

entertainment but to enhance the ability of the players to 

use their knowledge in an integrated fashion. It provides 

an opportunity for the safe practice of real-life scenarios 
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Background & Objective: The objectives of this study were to design, implement, and 

evaluate an educational game on the diagnosis and management of diabetes for pharmacy 

students. 
 
Materials & Methods: Educational content for diabetes was prepared and used to design a 

multimedia file and game scenario. The game was validated and consisted of 25 stages of 

diagnosing and managing diabetes. Participants were 8th semester pharmacy students who were 

divided into two groups. Groups A and B had 10-day access to the multimedia and game files, 

respectively. Pretest and post-test were held to evaluate students’ learning, and the final exam 

was used to assess retention. Moreover, user experience was evaluated by a modified and 

validated version of the Model for the Evaluation of Educational Games questionnaire. 
 
Results: A total of 154 students participated in the study. The mean ranks were 69.25 and 60.99 

(P=0.808) in the pretest; 64.80 and 67.63 (P=0.551) in the post-test; and 67.44 and 62.19 

(P=0.490) in the final exam for groups A and B, respectively. Ninety-nine participants 

completed the quality questionnaire of the study. The students confirmed the quality of the game 

in nearly all quality dimensions. About 80 percent of the game users preferred it over usual 

teaching methods. 
 
Conclusion: A high-quality educational game for diabetes was designed and implemented. 

Although the use of the game was not associated with increased learning or retention scores, 

pharmacy students preferred it over traditional teaching methods. 
 

Keywords: Diabetes mellitus, Gamification, Pharmacy education 

*Corresponding author:  
Mehdi Mohammadi, Department of 

Clinical Pharmacy, School of 

Pharmacy, Alborz University of 

Medical Sciences, Karaj, Iran. 

Email: 

m.mohammadi@abzums.ac.ir 

 

 

 

Original Article 

Article history: 

Received 10 Oct. 2022 

Accepted 10 May. 2023 

Published 15 Aug. 2023 

 

 

 

 

 

 

 

 

How to cite this article:  
Ebrahimpour Sh, Rezaei E, Namazi 

S, Mohammadi M. Design, 

implementation, and evaluation of a 

diabetes educational game for the 

pharmacy students: A parallel-group 

study. J Med Edu Dev. 2023; 16(51): 

38-48. 

 

 

 

 

 

 

 [
 D

O
I:

 1
0.

32
59

2/
jm

ed
.2

02
3.

16
.5

1.
38

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 e

du
jo

ur
na

l.z
um

s.
ac

.ir
 o

n 
20

26
-0

2-
03

 ]
 

                             1 / 11

http://dx.doi.org/10.32592/jmed.2023.16.51.38
https://edujournal.zums.ac.ir/article-1-1737-en.html


Ebrahimpour et al.: A diabetes educational game for the pharmacy students  

Journal of Medical Education Development ¦ Volume 16 ¦ Issue 51¦ 2023                                                                                  39 

without any concern. During the game, the students 

actively participate in the learning process, practice 

critical thinking, and learn from their mistakes (4). The 

Academic Affairs Committee also endorsed the use of 

serious games by faculty members and students for 

learning and professional development (7). 

Diabetes games have been used to educate patients and 

healthcare providers, including pharmacy students. The 

outcomes measured by these studies mainly included the 

learning and confidence level of students while 

providing care for patients (8-10). In a study by Sando 

and Feng (2018) at the University of Florida, the use of 

an online spaced education game improved students’ 

engagement (11). Eukel et al. (2017) presented a 

diabetes-themed escape room designed for pharmacy 

students at Washington State University. Their study 

evaluated the game’s effectiveness in improving 

students’ diabetes knowledge and found a significant 

improvement in pre- and post-game knowledge scores 

(12). 

The current study investigated the design and evaluation 

of an innovative game, GlucoGame, for educating 

regarding diabetes to pharmacy students at Tehran 

University of Medical Sciences (TUMS), Tehran, Iran. 

The main questions addressed in this research are: (a) to 

explore the effect of using GlucoGame on learning and 

retention in pharmacy students, and (b) to evaluate the 

quality of the game by a modified version of the Model 

for the Evaluation of Educational Games (MEEGA+) 

systematic model (13). 

Materials & Methods 
 

Design and settings(s) 

After reviewing the literature, a focus group consisting 

of clinical pharmacists and educational technology 

experts was formed. The group members discussed the 

educational needs, current gaps, game design, and the 

study structure. A parallel-group design was used to 

evaluate the game’s impact on learning and retention. 
 

Participants and sampling 

The Doctor of Pharmacy is a 6-year (12 semesters) 

program in Iran, and our study was conducted on fourth-

year pharmacy students at the TUMS Faculty of 

Pharmacy. “Diabetes” is one of the topics of the 8th 

semester of the pharmacy curriculum at TUMS. 

A total of 154 students were recruited for the study, 

which included 77 participants in each of the study arms. 

Twelve students of the game group and one student of 

the multimedia group did not complete the study and 

were excluded from the analysis. 
 

Tools/instruments & Data collection methods 

The study consisted of three phases. During phase one, 

the educational content and the game scenario were 

prepared, and the game was developed. Students used the 

game in phase two, and finally, in phase three, the effect 

of the game on learning and retention was assessed. 

Figure 1 shows an overview of the study phases. 
 

Phase one- Preparation and validation of educational 

material and game scenario 

In the first step, educational content for diabetes was 

prepared by a three-member panel of clinical 

pharmacists with sufficient knowledge and experience in 

diabetes management. This content was based on the 

latest edition of the reference book “Applied 

therapeutics: the clinical use of drugs” (14), 

supplemented with essential highlights of the 2020 

American Diabetes Association guideline (15). Three 

sets of educational materials were then prepared based 

on this content. The first included the theoretical aspects 

of the diagnosis and management of diabetes that were 

required by the Iranian pharmacy curriculum. This 

material was used to educate all students during a four-

hour webinar, regardless of whether they would 

participate in the study. The second and third materials 

were problem-based content used to prepare the 

multimedia and game files and were intended to enhance 

the students’ problem-solving capabilities. Because the 

game was designed with real cases, it was inherently 

different from the material used for the webinar. If the 

study had only compared the game to a control group, 

any observed effect on student’s learning and retention 

would have been due to the game’s case-based nature 

rather than the game itself. To avoid this, a parallel 

group, the “multimedia” arm, with a case-based structure 

was included in the study. By doing so, any effect of the 

game on student’s learning and retention could be 

attributed to the “nature of the game” rather than the 

case-based element alone.  

The multimedia file included educational material and 

clinical cases on diabetes and was created by Articulate 

Storyline v.3.12. The game scenario consisted of 25 

questions (stages) in four areas; diagnosis of diabetes, 

oral hypoglycemic agents, management of 

hypoglycemia, and insulin therapy. Afterward, the 

storyboard and wireframe of the game were created by 

an educational technology specialist.  
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The initial version of the game, GlucoGame, was 

developed by the iSpring Suite for both Windows and 

Android platforms. The clinical pharmacist panel played 

it and provided necessary feedback to the game 

developer. Three education technology experts evaluated 

the content validity of the game. The final version 

included 25 stages in the form of puzzles, drag-and-drop, 

matching, and multiple-choice questions. In each stage, 

an audio guide was placed that explained the related 

scientific basics, and the students could listen to it before 

playing that stage. The players could proceed to the next 

step only if they did the game correctly. In case of a 

wrong answer, it was possible to change it. The game 

environment is shown in Figure 2.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. An overview of the study phases. 
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Figure 2. The user interface of GlucoGame 

 

Phase two- Implementation of the game 

All 8th-semester students participated in a four-hour 

lecture-based webinar in two sessions. After that, 

students who wished to participate in the study were 

allocated randomly to groups A or B based on their ID 

numbers. They were excluded if they did not want to 

continue the study or did not complete the pretest and 

post-test.  

For group A, the multimedia file, and for group B, the 

educational game file was uploaded to the Navid 

Learning Management System of TUMS. Both groups 

had access to their uploaded files for ten days.  

Two incentives were considered to limit material sharing 

between the study groups. First, the students were 

informed that all participants would have access to all 

materials at the end of the study. Second, all participants 

would be given the total score on the diabetes topic in the 

final exam, irrespective of their actual scores. 
 

 

Phase three- Evaluation and outcome measurement 

Participants were required to take a pretest after the 

webinar. A post-test was given after the 10-day access to 

the multimedia or game files to evaluate the students’ 

learning. Both the pretest and post-test consisted of 15 

multiple-choice questions with similar taxonomy on the 

diagnosis and management of diabetes.  

To evaluate the retention, participants in both groups 

were asked to take the final exam without studying. The 

final exam (out of 10 scores) was designed as multiple-

choice questions with a taxonomy similar to the pretest 

and post-test. It was designed based on the game and 

multimedia content and was given one week after the 10-

day period. The pretest, post-test, and final exams were 

all held online. 

The MEEGA+ questionnaire, a model developed by Petri 

et al., measures the game quality in terms of two broad 

areas of player experience and usability, each consisting 

of several dimensions (13). This instrument is available 

in some non-English languages. To assess the game 

quality, the questionnaire was translated into Persian. 

Because the players’ interaction was not possible in 

GlucoGame, some of the MEEGA+ items were removed, 

and a modified questionnaire was provided to the 

participants. Eight experts evaluated the adopted version, 
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and its content validity was confirmed by a content 

validity ratio of 0.93 and a content validity index of 0.90. 

The internal consistency of the questionnaire was 

verified by a Cronbach’s alpha equal to 0.88. 

The quality of the multimedia file was also evaluated in 

terms of user experience and usability. To facilitate a 

comparison between the game and multimedia files, 

questions similar to the modified MEEGA+ 

questionnaire were used with appropriate modifications. 

Moreover, some dimensions, such as “fun” and 

“operability” did not apply to the multimedia content. 

These questions were omitted from the multimedia 

questionnaire. 

The age and gender of respondents to both questionnaires 

were recorded. In addition, respondents to the modified 

MEEGA+ questionnaire were asked about the frequency 

of playing digital and non-digital games on a 5-point 

Likert scale: “never”; “rarely: from time to time”; 

“monthly: at least once a month”; “weekly: at least once 

a week”; and “every day”. 
 

Data analysis 

Data analysis was conducted by IBM SPSS Statistics 

(version 26). Qualitative variables were reported as 

frequencies and percentages. Data collected for each 

quality factor was reported in terms of central tendency 

(median) and frequency distribution (bar graphs). The 

normal distribution of quantitative variables was 

examined by using the Shapiro-Wilk test. Due to non-

normal distribution of quantitative variables, the 

Wilcoxon Signed-Rank Test was used to compare the 

pretest and post-test results within each group. In 

addition, the Mann-Whitney U test was used to compare 

the results of the pretest, post-test, and final exam 

between the study groups. A P-value less than 0.05 was 

considered statistically significant. 

 

Results 

In the first set of analyses, the effect of game-based and 

multimedia-based learning on the students’ learning and 

retention was examined. 

As indicated in Table 1, the two study groups showed no 

significant differences in terms of pretest, post-test, and 

final exam scores. A within-group analysis was 

conducted by comparing pretest and post-test scores in 

each study arm. In the multimedia group, the use of 

multimedia did not result in a significant change in 

students’ scores (Z=-1.962, P=0.050). Similarly, the use 

of the game was not associated with a significant change 

in students’ scores (Z=-1.603, P=0.109). 

The second series of analyses included using the 

modified version of the MEEGA+ systematic model to 

evaluate the quality of game-based and multimedia-

based learning. The questionnaires were completed by 50 

students from the multimedia group (23 males and 27 

females) and 49 students from the game group (14 males 

and 35 females).  

 

Table 1. Comparison of the study groups in terms of pretest, post-test, and final exam scores 

 
Multimedia group Game group 

P-value 
median (range) mean rank median (range) mean rank 

Pretest 12.00 (6.00-15.00) 69.25 11.00 (5.00-15.00) 60.99 0.808 

Post-test 11.0 (8.00-15.00) 64.80 12.00 (2.00-15.00) 67.63 0.551 

Final exam 5.00 (1.00-8.00) 67.44 5.00 (1.00-10.00) 62.19 0.490 

p-value†  0.050  0.109  
†This P-value is the result of comparing the pretest and post-test scores within each of the study groups. 

 

Twenty-eight out of 35 (80.00%) female respondents to 

the game questionnaire stated that they had “never 

played” or “rarely played” other digital games. Five of 

the 14 males (35.71%) reported this rate of digital game 

playing. Eleven students in the game group stated that 

they play other digital games daily or several times a 

week; of them, 8 (72.72%) preferred learning through 

GlucoGame over other learning methods, such as 

multimedia or lectures. On the other hand, 34.21% (13 

out of 38) of students with lower frequencies of digital 

game playing preferred GlucoGame over other learning 

methods. 

Appendix 1 presents an overview of the participants’ 

opinions on various game dimensions and multimedia 

quality. Common questions of the game and multimedia 

questionnaires are presented sequentially to facilitate 

comparisons. As Appendix 1 displays, nearly all 

dimensions of the game quality were acceptable to the 

students. 

Around 40 (81.63%) respondents to the game and 44 

(88.00%) respondents to the multimedia questionnaires 

believed that the playing the game or multimedia assured 

them that they could learn from it. A total of 39 out of 49 

respondents (79.59%) to the game questionnaire 

preferred the game over the usual teaching classes, and 

two-thirds (33 out of 49, 67.34%) would recommend it 

to other students. Only 24.48 % (12 out of 49) of the 

respondents believed that using the game alone was 
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enough to learn the course, while the corresponding 

value was 66.00% (33 out of 50) for the multimedia 

content. 

Discussion 
This study aimed to design and implement an innovative 

game on the education of diabetes and evaluate its effect 

on the learning and retention of pharmacy students. 

In the current study, the observed change in the students’ 

scores did not reach statistical significance. This finding 

is consistent with those of Sando and Feng, who 

evaluated the effect of an online game of drug 

information on the students’ knowledge scores (11). 

Although the students’ level of engagement with the 

game was high and acceptable, the percentages of 

correctly answered questions did not increase 

significantly. In another study, Auman (2011) used a 

simulation game to increase the students’ engagement in 

a psychology course (16). The result showed that the 

change in the post-test score compared to the pretest was 

not significantly different between the simulation and 

non-simulation groups. In contrast, in the study by Eukel 

et al., the mean post-test score was 81%, which was 

significantly higher than the mean pretest score of 56% 

(P<0.01) (12). The lack of significant change in the 

knowledge scores of our participants may be explained 

by several reasons. Firstly, the parallel group also used 

the multimedia file that reviewed all the aspects of 

diabetes diagnosis and management on a case-based 

method. As shown in Appendix 1, the multimedia file 

also received an acceptable score from the students 

regarding quality. Secondly, our study could not control 

students cheating. Although the students’ IP addresses 

were controlled to find the same ones, this method could 

not identify all cheating cases. Thirdly, one of the 

measures taken to limit material sharing between the 

study arms was to give the total score of the final exam 

to all students, regardless of their actual scores. It may 

have reduced students’ competitiveness. 

Previous studies showed conflicting results on the role of 

competitiveness in serious games. Cagiltay et al. (2015) 

reported that the competitive environment of a serious 

game improved students’ motivation and post-test scores 

(17). Conversely, Chen et al. (2018) revealed that 

students in the non-competition arm learned better than 

in the competition arm (18). The competitive element of 

a game may discourage some students (19). Therefore, 

we decided to remove the competitive element of the 

game to provide the less confident students with the 

opportunity for trial and error. 

It is important to note that an increase in the students’ 

scores has not been a consistent measure for evaluating 

the efficacy of educational games (20). Instead, the 

games have generally been used to motivate the safe 

practice of students in an attractive environment, and it 

does not necessarily lead to an increase in the students’ 

learning. 

This study showed no significant increase in retention 

scores by playing the game. There are at least two 

possible explanations for this finding. First, the time 

interval between playing the game and assessing the 

knowledge retention (the final exam) was short. 

Although the ideal time interval for examining 

knowledge retention is unclear, longer intervals have 

been used in similar studies. For example, Hu et al. 

(2021) developed a serious game for teaching COVID-

19 lesson to medical students in China (21). They used a 

5-week interval between playing the game and the final 

test and found that game users scored significantly higher 

than those who only participated in an online lecture. 

Similarly, in the studies that evaluated the effect of non-

game learning methods on knowledge retention, longer 

intervals of three months to more than one year have 

been considered (22, 23). The short interval in our study 

was due to the time-consuming process of game 

development and validation phases, which made the 

short interval time inevitable. The second explanation, as 

mentioned above, was the inability to rule out all cases 

of students cheating in the final exam.  

The second objective of the study was to evaluate the 

quality of the game by using a modified version of the 

MEEGA+ questionnaire. As shown in Appendix 1, the 

game was acceptable to the students in almost all 

dimensions. Of note, the median score of respondents to 

the question “This game is an adequate teaching method 

for this course” was zero. This score was not surprising 

because the game consisted of only 25 stages (questions) 

on diabetes, and it was not intended to cover the entire 

topic of diabetes. As discussed previously, the primary 

purpose of educational games is to practice the previous 

knowledge in a safe environment, not to use them as a 

complete educational method. This is reflected by the 

finding that about two-thirds of the participants would 

recommend the game to other students, probably 

complementing the traditional lecture-based teaching 

method. Given that more than 70% of the respondents 

“strongly agreed” or “agreed” with several dimensions of 

the game’s quality, it can be suggested that its overall 

quality was acceptable. 
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Interestingly, compared with other participants, regular 

gamers were more likely to prefer learning through 

GlucoGame over other teaching methods (72.72% of 

regular gamers vs. 34.21% of those who play less 

frequently). In fact, the same teaching technique cannot 

be used for all students, and each student may prefer a 

particular method of education based on their attitudes 

and interests. Our finding suggests that game-based 

learning may be helpful as a complementary teaching 

method for students who play other digital games 

regularly. 

Another important finding of the study was that the 

aesthetic dimensions of the game were endorsed by 

students who regularly played other digital games. This 

finding is important because these students are familiar 

with the design and interface of digital games, which 

further supports the appropriate and attractive design of 

the game environment. 

The findings in the current study are subject to at least 

three limitations. Firstly, the game group was compared 

with a multimedia group that used case-based education 

material. Therefore, the current investigation was limited 

by the lack of a control group who had only participated 

in lecture-based learning. A future study investigating 

the effect of the game- and multimedia-based learning 

compared with a control group would be helpful. 

Secondly, in future investigations, it might be possible to 

use a longer interval to evaluate retention. Thirdly, the 

majority of the students in the game group stated that 

they were not regular game players, which may have 

affected the study results. 

Conclusion 

An innovative game, GlucoGame, was developed and 

used by fourth-year pharmacy students. Compared with 

the multimedia file, although the use of the game did not 

increase the students’ knowledge scores, its quality was 

confirmed by the majority of the students.  
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Appendix 1. Results of the quality assessment of game and multimedia based on the modified MEEGA+ questionnaire (n=99) 

Results of the quality assessment of game and multimedia based on the modified MEEGA+ questionnaire (n=99) Median 

Usability 

Aesthetics 

The game design is attractive in terms of 

interface, graphics, etc.  
1 

The multimedia design is attractive in 

terms of graphics, colors, etc.   
1 

The font and colors of the game are well 

blended and consistent.  
1 

The font and colors of the multimedia 

are well blended and consistent.  
1 

Learnability 

I needed to learn a few things before I 

could play the game.  
2 

It is easy to learn how to play the game. 
 

1 

Operability I think that the game is easy to play. 
 

1 

Accessibility 

The fonts used in the game are easy to 

read.  
1 

The colors used in the game are 

meaningful. 

 

 
1 

The colors used in the multimedia are 

meaningful.  
1 

Confidence 

The contents and structure helped me to 

become confident that I would learn with 

this game.  
1 

The contents and structure helped me to 

become confident that I would learn with 

this multimedia.  
1 

Challenge 
This game is appropriately challenging 

for me. 
 

1 
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The game does not become monotonous 

as it progresses (repetitive or boring 

tasks). 
 

1 

Satisfaction 

Completing the game tasks gave me a 

satisfying feeling of accomplishment.  
1 

Completing the multimedia gave me a 

sense of satisfaction.  
1 

I feel satisfied with the things that I 

learned from the game.  
1 

I would recommend this game to other 

students.  
1 

I would recommend this multimedia to 

other students.  
1 

Fun I had fun with the game. 
 

 
1 

Focused attention 

I was so involved in my gaming task that 

I lost track of time.  
1 

I was so involved in the multimedia that 

I lost track of time. 
 0 

Relevance 

It is clear to me how the contents of the 

game are related to the course. 
 

2 

It is clear to me how the contents of the 

multimedia are related to the course. 
 2 

This game is an adequate teaching 

method for this course.  
0 

This multimedia is an adequate teaching 

method for this course.  
1 

I prefer learning with this game to 

learning through other ways (e.g., other 

teaching methods).  
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I prefer learning with this multimedia to 

learning through teaching classes. 
 1 

Perceived learning 
The game contributed to my learning in 

this course. 
 1 

■ Strongly agree (+2)   ■ Agree (+1)   ■ Indifferent (0)  ■ Disagree (-1)   ■ Strongly disagree (-2) 

The number on the bars indicate the number of students responding to each choice.  
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