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game for teaching factual knowledge in dental
education
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Abstract

Objectives A serious game application was developed to train factual knowledge and for self-assessment. The aim
of the present study was to compare the effects of a game application (intervention group) or paper scripts (control
group) on knowledge acquisition and to evaluate the acceptance of the new application among dental students.

Methods The 4th semester students of the second preclinical prosthodontics course were randomly assigned

to one of the two groups (n=58/51) for two consecutive years. The study was conducted in two phases: First, all
participants took a pretest, with the intervention group using the game application and the control group receiving
the same set of questions in a paper script. In the second phase, all participants took a post-test. After the post-test,
both groups had access to the application for another three weeks. After that, all participants completed standard-
ized questionnaires and a scale to evaluate the usability of the system. Usage statistics were also tracked. Differences
between groups were evaluated together and for both years separately in terms of pretest and posttest scores

and learning success.

Results There was no significant difference between the groups with regard to the posttest and learning success.
A significant improvement in knowledge between pretest and posttest (p <0.05) was demonstrated in both groups.
Each student played approximately 350 questions. Participants rated the application with the German school grade
"good". Participants appreciated the application and rated it positively. They stated that the game motivated them
to learn and that they spent more time with the learning content.

Conclusion Due to the positive perception achieved through the game, this application is able to motivate students
to learn. The learning effect achieved is similar to learning on paper.

Keywords Dental education, Serious game, Quiz, Factual knowledge training

Introduction
Lack of motivation is a major challenge for globaledu-
cation, as students with higher interest and enjoyment
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accuracy also appear to be associated with knowledge
retention [6]. Today’s learners have grown up with digital
technologies and should be motivated and supported by
innovative learning techniques and modern technologies
[7-10]. A serious game is a board game, card game, or
computer game that is not exclusively invented for enter-
tainment. Serious games — as well as educational games —
have in common the concern to convey information and
education in balance with entertainment aspects. Serious
games can combine entertainment technology and edu-
cation and are an example of active teaching—learning
methods that contribute to student learning [1, 11]. Users
can acquire knowledge and prepare for exams through
games [12]. Motivational factors such as playfulness,
fun, and ambition are combined with relevant knowl-
edge [13]. Acquiring knowledge through play leads to an
improvement in the participants’ motivational range, so
they spend more time learning [14—18]. Serious games
are able to generate intrinsic motivation in players and
achieve a high level of engagement with the learning con-
tent. When designing serious games, care must be taken
to ensure that intrinsic motivation elements that are sup-
posed to motivate do not have the opposite effect. Com-
petition, for example, is an intrinsic motivator that can
lead to stress and thus, poor performance [19]. Moreover,
adding extrinsic rewards can lead to an over-justification
and a loss of intrinsic motivation, especially for already
motivated students. In essence, the game’s primary
objective contradicts the intended educational outcomes
[18, 19]. The traditional linear teaching approach seems
counterintuitive and can be improved by introducing
serious gaming [16, 20]. Studies have shown that medi-
cal and nursing students have positive attitudes toward
gaming [21-23]. Serious games are also already used in
dental and medical education. Unfortunately, few stud-
ies have been conducted to examine the effect of serious
gaming in dental education. However, the existing stud-
ies show a positive effect on acquiring factual knowl-
edge and practical skills [23-29]. The types of serious
games differ in terms of practical skills training, such as
haptic simulators, alginate mixing simulators, or dentin
bonding video games, which offer students the oppor-
tunity to practice and train theoretical content in a safe
environment [25, 27, 29].

The number of smartphone users worldwide was
around 3.3 billion in 2019, 300 million more than in the
previous year. Data for 2020 is not yet available, but a fur-
ther increase to 3.5 billion is forecast [30].

Smartphones are a central part of many students’ lives
[31]. Although smartphones and social media are not for-
mally integrated into the curriculum, students are using
them for their education [31, 32]. This behavior can be an
opportunity for modern, innovative learning. Education
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with smartphones enables new approaches to learning for
students by using appropriate learning methods in apps
[31, 32]. The present study intended to use the described
positive effects of serious gaming in combination with
the existing affinity for smartphones in dental teaching
and thus to increase the motivation and ambition of den-
tal students. Another aim of this project was to gather
initial experience in using and developing mobile serious
games in teaching.

The present study aimed to analyze the acceptance and
usage behavior of students for a newly developed serious
game and to compare the knowledge gained between two
groups of students, one of which used the game applica-
tion and one of which did not: Central questions were,
whether the learning effect of the students is higher
when using the game app than when using traditional
paper scripts and whether the perception of the students
towards the game is positive.

By calculating the difference in scores obtained
between each group’s pre-test and post-test scores, we
can calculate a unit for learning success. This factor was
examined for differences between the groups IG and CG.

The null hypothesis is that there is no difference in
formative post-test scores between the intervention
group using the serious game and the control group using
paper scripts.

Materials and methods

Type of study

The study was anonymous, monocentric, prospective,
and comparative in design.

App development
A mobile web-app (app) for knowledge repetition and
factual knowledge training was created in German and
made available for dental students at RWTH Aachen
University. The app is a digital quiz-based game that
can be used on smartphones, tablets, and browsers on
desktop computers and laptops (Figs. 1 and 2). The app
was programmed, designed and successfully developed
by the Audiovisual Media Center (AVMZ) of the Medi-
cal Faculty of RWTH Aachen University. The questions
for the app were created by two dentists of the Depart-
ment of Prosthodontics and Biomaterials and proofread
by the Chair of Dental Prosthetics and Biomaterials. The
initial development of the app was based on focus group
interviews conducted with a group of three students, two
teachers, a software developer, a media didactician and
a media designer. Here, topics such as the focus of the
topic, framework conditions, gamification aspects, digital
platforms, and possible applications were discussed.
First, a prototype was developed, which could be opti-
mized thanks to a beta test and further focus group
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Fig. 1 Shows screenshots of the newly programmed serious game

Fig. 2 Shows a QR code linked to a video introducing the serious
game app

interviews. The focus groups included teachers, students,
and media experts. Finally, the app was finalized for this
study based on the aforementioned findings and sugges-
tions for improvement.

The app’s questions are divided into categories based
on the individual courses taken throughout the dental
curriculum. Two dentists from the Department of Pros-
thodontics and Biomaterials created the questions as
single-choice questions with four answer options. The
chair of the department proofread all questions. The
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integration of graphic elements such as illustrations or
photographs was provided. A game session consists of
five consecutive questions. Feedback on each question
played is provided after each game to promote student
learning. The student plays a certain number of ques-
tions. At the end of a game, he is shown how many
questions were answered correctly or incorrectly. For
each correct or incorrect answer, the student receives
feedback and an explanation of why the answer was
correct or incorrect. Users can also create their own
nicknames and choose an existing avatar. The avatar
reacts differently after each game to support the gami-
fication effect during a game session, depending on the
player’s performance and points scored. Depending on
how many points the player has achieved, the avatar
cries is neutral or laughs when he has achieved a high
score and receives a reward for it. On the results page,
the student also receives feedback via a round bar on
how many of the questions available in the app he has
answered correctly so far and how many are still miss-
ing. This is a method of tracking performance and pro-
gress in the game. The goal is to close the entire bar, and
thus to have answered all possible questions correctly.
The time of answering is also tracked and marked in
red if the questions are answered slowly.

The app contains different modes. Participants can
play all questions one after the other, regardless of the
learning topic, in the so-called "Marathon" mode, or
they can play questions on a specific course, in the so-
called "Play Course" mode, or questions on specific top-
ics of the course, in the so-called "Topic Deepening"
mode. In addition, participants can play the "Favorites"
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mode, in which they can recall questions that they have
previously marked as important.

The target group for the present study was the dental
students of the 4th preclinical semester of the Depart-
ment of Prosthodontics and Biomaterials. The entire
course lasts approximately nine weeks.

The practical objectives of the course are to acquire
skills in tooth preparation for fixed prostheses, fabrica-
tion of a Michigan splint, and temporary restorations.

The course is therefore divided into different practi-
cal sections. Parallel to the practical training, theoretical
seminars are held once a week, and lectures twice a week.

Theory taught includes general dentistry, materials sci-
ence, prosthodontics and dental instruments.

The focus of the game is on teaching detailed theoreti-
cal content, in particular learning factual knowledge such
as terms, basic anatomical principles, specialist vocabu-
lary and classifications. The lectures and seminars, on the
other hand, focus mainly on manual tasks and on deep-
ening basic theoretical knowledge.

Participant

All students who completed the first preclinical course in
dentistry were included as participants in the study. They
had the same lectures, seminars, and learning/teaching
materials. The study was conducted for two consecutive
years. All participants of the 4th preclinical semester par-
ticipated voluntarily in the study. They were randomly
divided into two groups (IG=intervention group /
CG =control group).

Test procedure

Both groups completed a formative, unannounced pre-
test with 20 items at the beginning of the course after the
first week. The theory taught included general dentistry,
materials science, prosthodontics and dental instruments
and were not the subject of the seminars and lectures. A
total of two and zero points were awarded for each cor-
rect and incorrect answer, respectively. The maximum
achievable score for each test was set at 40.

After the initial assessment, group IG received the app
to train for three weeks with anonymized and randomly
generated identities (IDs) and passwords. During this
intervention period, group CG received the same ques-
tions as in the app as a printed booklet for self-training
and self-assessment. During the test period, the app
recorded usage statistics. It recorded how many ques-
tions and games of the different game modes were played
and whether the answers given were correct or incorrect.
After the intervention phase, both groups participated
in a formative, unannounced post-test with 20 tasks
similar to those of the pretest. After the post-test, the
CG groups had access to the app for three more weeks
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with anonymized and randomly generated IDs and pass-
words. At the end of the course, both groups completed
standardized questionnaires to evaluate the app. The
items consisted of a six-point Likert scale, with extremes
of "strongly agree" and "strongly disagree". Additionally,
participants were asked in which situation and how often
they played with the app and which German school grade
they would rate the app. The app’s usability was tested
using the System Usability Scale (SUS) [33-35]. The
SUS provides a reliable tool for measuring the usability
of products and services, including hardware, software,
mobile devices, websites and applications. It consists of
the following 10-item questionnaire with five response
options for respondents, from strongly agree to strongly
disagree [33-35]:

+ Ithink that I would like to use this system frequently.

+ Ifound the system unnecessarily complex.

+ Ithought the system was easy to use.

« I think that I would need the support of a technical
person to be able to use this system.

+ Ifound the various functions in this system were well
integrated.

+ I thought there was too much inconsistency in this
system.

+ I would imagine that most people would learn to use
this system very quickly.

« I found the system very cumbersome to use.

o Ifelt very confident using the system.

+ I needed to learn a lot of things before I could get
going with this system.

Statistics
Statistical analysis was performed using SPSS Statistics
25 software (IBM).

By calculating the difference in scores obtained
between pre-test and post-test scores of each group, we
can calculate a unit for learning success. This factor was
examined for differences between the groups 1G and CG.

Descriptive statistics were used to summarize game
use and assessment results. For the analysis of differ-
ences between groups in terms of pre-test/post-test, the
Wilcoxon Signed Rank Test was used. For the analysis of
differences between groups in terms of pre-test/post-test
scores and differences between pre-test and post-test, the
Mann—-Whitney test was performed. Significance was
assumed at p <0.05.

Results

Participant

The study was conducted in two consecutive years. All
4th semester preclinical students of two consecutive
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years (n=58 / 51=109) volunteered as participants in
the study. The IG consisted of 55 (25 in the first year / 30
in the second year) and the CG of 54 (26 in the first year /
28 in the second year) students.

Pre-/post-test
First, the results of the two semesters were evaluated
individually.
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In both years, there was a significant difference between
the pre-test and post-test for IG and CG (p<0.05). Both
groups scored better on the post-test than on the pre-test
(Fig. 3).

There was no significant difference between IG and CG
in terms of pre-test and post-test scores in both years.

After calculating the difference in scores obtained
between the pre-test and post-test scores of each group
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Fig. 3 Shows the pre-test results (first diagram), post-test results (second diagram) and the differences between the pre-test and post-test results
(last diagram). The first year’s results are marked in blue and those of the second year in red. The maximum number of points achieved was 40. The

star indicates the significant difference
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to obtain a unit for learning success, this factor was
examined for differences between the groups IG and
CG. There was a significant difference in learning suc-
cess in the first year (p<0.05) and in the second year,
there was almost a significant difference as the p-value
was exactly 0.05 between IG and CG. In the first year,
the intervention group had better results in learning
success than the control group (Fig. 3).

Analysis of pooled results for both years showed no
significant difference between the two groups in pre-
test and post-test scores and learning success. Also, in

&

results pretesting
S
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the pooled data analysis, the mean values of post-test
scores and learning success for IG were higher than in
the individual years analysis (Fig. 4).

Evaluation and usage statistics
Of the 109 participants, 87 completed the evaluation
forms.

Most participants would use the app regularly (78.2%).
They also liked the design (73%), thought it was easy
to use (85%), and would recommend the app to others
(>85%). Ninety-seven percent of participants thought
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learning with the app was fun. Most participants (89%)
said the app motivated them to learn. Most participants
said the app helped them learn factual knowledge faster
(89%). Eighty-two percent of participants said they
spent more time studying/learning material because of
the app. Whether the app prepared them well for the
exam was answered inconsistently by the participants:
52% answered rather positively and 48% rather nega-
tively. 10% answered that they did not use the app. Most
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participants (84%) felt the app did not distract them from
learning. Responses to the question whether they played
longer than they wanted to were mixed. For example,
37.6% answered rather positively. Most participants rated
the feedback feature as helpful (68%) (Table 1). Most par-
ticipants in both years rated the app as "good" (74%) and
as many as 9% rated it as very good (Fig. 5).

The obtained SUS value is 77.70
median=77.5) (Table 1).

(c=12.28,

Table 1 Examples of results from questionnaires summarized for all participants are part of the SUS (?) with a 5-point Likert scale
(1= strongly agree to 5 = strongly disagree). Additional questions were scored using a 6-point Likert scale. (1 = strongly agree to 6 =

strongly disagree).

N mean score Standard

deviation
I can very well imagine using the app regularly? 87 1.90 0.86
I think the app is unnecessarily complex® 87 4.32 0.86
I'think the app is easy to use® 87 1.70 067
I think the app is self-explanatory? 87 1.56 0.68
I find the design very appealing® 87 2.09 0.83
I would recommend the app 87 1.79 0.82
Learning with the app is fun 87 2.10 0.90
The app motivates learning 87 230 1.02
Thanks to the app | was able to learn facts faster 87 222 1.07
The app has made me more engaged with learning content 87 247 117
The app distracted me from learning 86 359 1.14
| did not use the app for learning 87 459 127
I have played longer than | wanted 87 4.31 148
The feedback function was helpful 85 3.65 1.39
| rate the app with German school grade 81 244 1.34

40

30

20

number of cases

10

very good good

School grade
year

W1
P

satisfying sufficient

Fig.5 Shows the evaluation results concerning the statement "l give the app the German school grade"”. The first year’s results are marked in blue

and those of the second year in red
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Tracking data provided that participants played the
game at varying intervals. Overall, 6.9% of participants
played several times a day, 9.9% played once a day, 28.7%
played several times a week, 22.8% played once a week,
13.9% played less than once a week with the app, and
14.9% did not use the app.

During the study period, a total of 38,263 questions and
1,724 games were played by all participants. Although
both groups played almost the same number of ques-
tions, the second year answered more than twice as many
questions incorrectly (Table 2).

Discussion

In both groups, there was a significant difference
between the results of the pre-test and the post-test.
This difference was to be expected since all partici-
pants had taken part in continuing education during the
course. This result reflects the increase in knowledge
during the course period. The IG who used the game
app had increased knowledge, as did the CG, prov-
ing that learning with the serious game seems to have
a positive effect as the conservative scripted learning
that supports the general course content such as lec-
tures and seminars. However, we cannot measure the
effect of the scripts and the game because all students
also attended lectures and seminars which also have an
impact on the learning effect.

In both vyears, there was no significant differ-
ence between the two groups’ data on the pre-test. It
appears that both groups had similar pretest knowl-
edge. There was also no significant difference between
the two groups on the post-test results in either year.
Based on these results, the null hypothesis is accepted.
Both groups appear to be similarly prepared for the
post-test. However, it also shows that learning with
the app performs as well as learning with the paper
scripts, as mentioned earlier. The results are consist-
ent with the literature [15]. One study even reports that

Table 2 Game statistics for all participants of IG and CG
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gamification can improve and retain knowledge better
than traditional lectures [36].

However, the significant difference in the first year
(p<0.05) in terms of score gain between pre-test and
post-test, the so-called learning success, suggests that
the learning progress of the test group might be higher
than that of the control group. The IG had a higher aver-
age median regarding learning success in both years and
also in the pooled analysis of both years together. The
quiz app seems to have had a positive effect on partici-
pants’ learning success compared to the booklets in first
year and was not inferior to the booklets with regard to
learning success in second year and pooled data. One
reason for this effect in first year could be that the app
users were more motivated and answered more questions
about the training, as has been reported in the literature
[14-17, 23]. To substantiate this claim, however, the time
that the students in the control group used to learn with
booklets should also have to be measured and compared
to IG. Both forms of learning seem to be at least equal
in terms of learning effect. In medical education, learning
basic factual knowledge is often unsupported and under-
appreciated. Applying learning concepts to smartphones
can significantly improve the learning of factual knowl-
edge [37]. Because of the fact that factual knowledge is
difficult to learn for students, we see the motivation and
fun factor as a huge advantage over traditional teaching
methods. This is supported by the statement that the par-
ticipants felt that they could learn facts faster with the
app and that they spent more time on the learning/teach-
ing material because of the app, but in contrast, the app
did not distract them from learning. Some students even
answered that they spent more time with the app than
they wanted to. Our findings are consistent with the lit-
erature mentioned at the beginning of this paper, which
also characterizes serious games as a motivator for stu-
dents to improve their learning experience [14—17, 23].
Unfortunately, we cannot support this thesis with facts,
as it is not possible to measure how many questions CG

first year (n=58)

second year (n=51) Both years

Total number Median Total number Median Total number

questions played 19,816 3417 18,447 361.5 38,263

correct questions 15,180 261.7 7,876 1544 23,056

wrong questions 4,636 79.9 10,571 207.3 15,207

games 789 136 935 183 1,724

"course" games 229 4.0 191 37 420

"theme" games 344 6.0 682 134 1,026
"marathon" games 69 1.2 37 0.7 106
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answered using paper scripts, as we were not able to
objectively measure their self-study using the scripts.

Van Gaalen et al. (2021) describe that increased use
of learning materials generally indicates repetition.
This is one of the strongest variables affecting mem-
ory, leading to better learning outcomes and retention
[38]. They note that students do not need to be dis-
tracted from repetition and reinforcement by game ele-
ments such as competition. Taveira-Gomes et al. (2015)
reported that quizzes alone led to a modest increase in
recall accuracy and that the study quiz task had a high
impact on recall accuracy in their study [6]. The quiz
structure of our app could also have a positive effect on
recall accuracy.

What is striking about the data is that the second
cohort shows poorer results than the first cohort in
both the pre- and post-tests. They appear to represent
a weaker learning group, but their results show similar
learning trends to those of the first group regardless of
learning type (CG or IG).

The participants enjoyed using the app and had fun
learning. They rated it as good and motivating. This
seems to be the main benefit of implementing serious
gaming. However, it must be kept in mind that rewarding
a previously unrewarding activity such as learning factual
knowledge, can lead to a shift from intrinsic to extrinsic
motivation [38]. This can lead to decreased interest in
the activity when the rewards are no longer given. This is
referred to as the "overjustification effect” [38]. However,
a study reports that using Serious Games can reduce test
anxiety and that learning with these games is more fun
than traditional instruction [12, 15, 23]. The SUS in our
study correlates with the good to excellent scale, which is
higher than the mean (70.14) and has a Cronbach’s alpha
of 0.91 [33-35]. These results align with the literature
that reports high acceptance of serious gaming by stu-
dents and mentions it as a motivating factor [14, 15, 22,
23, 36, 39]. Due to the study design, however, we cannot
say whether the students in CG were not just as moti-
vated as the students in the test group, since we could
not collect comparable values to SUS in CG. In contrast,
however, there is also a study showing that students’ sat-
isfaction with serious gaming is modest and students’
willingness to use gamification is low [40].

The positive evaluation of the students in our study
may be due to the fact that the students were involved in
the creation of the app and their wishes and requirements
were taken into account during the development. The app
was optimized for their needs. Particular attention was
paid to simple, intuitive operations with an appropriate
amount of information that does not overwhelm the stu-
dents. This perception is also supported by Aboalshamat
et al. (2020), who suggests in a study that the amount of
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information and its complexity are important factors in
achieving the desired improvement through gamification
[36]. However, the good evaluation results must also be
viewed critically from the perspective of a novelty effect.

The participants stated that they did not feel well-
prepared by the app for the final exams relevant to their
studies. One reason could be that students have theo-
retical and practical exams, and thus not only pure fac-
tual knowledge but also application tasks are tested. We
should have differentiated this question into practical and
theoretical exams since the app only trains the theory of
low taxonomy. We should also consider improving the
question format in the app so that students feel prepared
for questions with higher taxonomy.

The number of games and questions played are proof
of the app’s acceptance. On average, each student played
351 quiz questions. However, we know from the evalu-
ation that some participants did not use the app at all
(n=16). Consequently, 93 students used the app, cor-
responding to an average of 411 questions per student.
Unfortunately, we cannot extrapolate these results to the
control group because we do not know how often they
used the paper scripts.

Based on the evaluation data, we can assume that the
gaming behavior of the participants was very different.
On the one hand, there seem to be enthusiastic players
who used the app at least once a day (15%) and on the
other hand, more than half of the participants played at
least once a week (51.5%). This shows that the partici-
pants have different needs, and the app seems unsuitable
for everyone as a learning medium. Why some partici-
pants did not use the app could not be explained from the
evaluation. One reason could be that the control group
received the app late in the course and they were already
in the learning phase for the course-relevant exams and
therefore did not want to switch to the app. This state-
ment was at least noted on isolated evaluation forms and
is therefore only a thesis and not proven. Another reason
could be that these students generally do not like to play
with their cell phones or prefer to learn in other ways. A
query about mobile gaming behavior in the evaluation
questionnaire would have been helpful for interpretation.

As for books, the literature shows that some students
prefer to learn with books rather than ebooks or other
digital alternatives. A University of California study
showed that most 390 students still prefer to read their
academic texts in print if they want to achieve a deep
learning outcome [41]. Some students cite the risk of dis-
traction and poorer text comprehension as classic prob-
lems of digital learning. Many readers learn content by
remembering where it is printed in the book. They think
underlining and taking notes was also easier with printed
paper [41]. For some students, paper-based learning
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materials for learning in context are seemingly more
attractive than digital formats.

The strength of our study is its design as a rand-
omized intervention trial. The knowledge level of both
groups was assessed before the intervention. The app
was studied in different phases. Not only was student
acceptance determined, but objective testing was con-
ducted, usage data was tracked, and the validated Sys-
tem Usability Scale was used to assess the app’s utility
in detail.

The limitations of the current study are the small num-
ber of cases, the untraceable use of paper scripts, and the
lack of comparison with exams relevant to the study. Our
study only shows the results of a small number of stu-
dents over two consecutive years at one site. This is not
generally representative, so further studies large numbers
of students should be conducted in a multicenter design.
Due to rigorous privacy data regulations, we were una-
ble to correlate app usage data with study-relevant exam
scores. It was also not possible to record the use of the
paper scripts or this could only have been done based
on the students’ statements, which led to an enormous
bias in the actual tracking of the app usage data and thus
would not have yielded any reliable statements. In addi-
tion, pre-test and post-test were not mandatory for pass-
ing the course and were unannounced, which could imply
a lower level of engagement in preparing for the tests.

We would like to mention that it is essential to involve
all groups in developing and producing an application to
make it a success. It is important to create the necessary
personnel and technical conditions and to keep an eye on
the cost—benefit ratio. If these prerequisites are met, we
can only recommend implementing such a project.

The use of the game has achieved a high level of accept-
ance among students and teachers. Therefore, further
technical developments and an expansion to other
courses and faculties are planned. In addition, an imple-
mentation of new question types, the integration of video
data and questions of higher taxonomy and game modes
such as "duel” will take place and the possibility of creat-
ing questions by students themselves will be integrated.
Perhaps we could achieve even better results with the app
if the gamification character of the app were strength-
ened. In particular, competition and scoring seem to
positively impact learning [38]. Further research projects
will examine the success of the app with a higher num-
ber of students, the competitive effect of a duel mode in
which players compete against each other, and the suc-
cess of integrated learning groups within the game and
their influence on extrinsic and intrinsic motivation.
The influence of rewards, so-called badges and rankings
within the game, will also be the subject of future studies.
A comparison not only with paper media but also with
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digital media such as online PDFs or podcasts would also
be desirable. Especially in times when digital teaching is
becoming more and more important, the use of serious
gaming is an opportunity to improve teaching.

Conclusion
Due to the positive perception through the game, this
app is able to motivate students to learn and does not
interfere with learning. The learning effect achieved is
similar to learning on paper.

From our results, it can be concluded that game-based
learning successfully acquired theoretical skills.

Acknowledgements

We thank everyone who was involved in the development of the app, in
particular for the creation of the questions and media content. We also thank
the student groups for participating in the study.

Authors’ contributions

AR was a major contributor in writing the manuscript. She made substantial
contributions to the conception and design of the work. She was responsible
for the acquisition, analysis and interpretation of the data. ML was contributor
in writing the manuscript and interpreting data and was responsible for app
development and design. SW made substantial contributions in data interpre-
tation, was a contributor in writing and substantively revised the manuscript.

Funding

Open Access funding enabled and organized by Projekt DEAL. The app
development and design were financed thanks to a start-up funding by the
Stifterverband and the Ministry of Culture and Science of the State of North
Rhine-Westphalia (Germany) as a fellowship for digital innovations in univer-
sity teaching and funds of the university hospital RWTH Aachen for innovation
in teaching.

Availability of data and materials

The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request. All data generated or
analyzed during this study are included in this published article.

Declarations

Ethics approval and consent to participate

The local ethics committee of the Medical Faculty of RWTH Aachen University
approved the study (EK014/18). None of the students had any advantages or
disadvantages from participating in the study. The tests performed during the
study were not crucial for passing the course. Written informed consent was
obtained from all participants. The study conforms to the ethical norms and
standards in the declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 16 August 2022 Accepted: 4 July 2023
Published online: 20 July 2023

References

1. LuchiKC, Montrezor LH, Marcondes FK. Effect of an educational game on
university students’learning about action potentials. Adv Physiol Educ.
2017;1;41(2):222-230



Lemos et al. BMC Medical Education

20.

21

22.

23.

24.

(2023) 23:521

Abdulmajed H, Park YS, Tekian A. Assessment of educational games for
health professions: a systematic review of trends and outcomes. Med
Teach. 2015;Suppl 1:527-32.

Augustyniak RA, Ables AZ, Guilford P, Lujan HL, Cortright RN, DiCarlo SE.
Intrinsic motivation: an overlooked component for student success. Adv
Physiol Educ. 2016;40(4):465-6.

Cortright RN, Lujan HL, Blumberg AJ, Cox JH, DiCarlo SE. Higher levels of
intrinsic motivation are related to higher levels of class performance for
male but not female students. Adv Physiol Educ. 2013;37(3):227-32.
Pumilia CA, Lessans S, Harris D. An evidence-based guide for medical
students: Optimal use of advanced search paltforms. Cureus. 2020;12(9):
e10372.

Taveira-Gomes T, Prado-Costa R, Severo M, Ferreira MA. Characterization
of medical students recall of factual knowledge using learning objects
and repeated testing in a novel e-learning system. BMC Med Educ.
2015;15:4.

Annetta LA, Minogue J, Holmes SY, Cheng M-T. Investigating the impact
of video games on high school students’engagement and learning
about genetics. Comput Educ. 2009;53(1):74-85.

Bekebrede G, Warmelink HJG, Mayer IS. Reviewing the need for gam-
ing in education to accommodate the net generation. Comput Educ.
2011;57:1521-9.

Prensky M. Computer games and learning: Digital game-based learning.
Handbook of computer game studies. 2005;18:97-122.

Westera W, Nadolski R, Hummel H, Wopereis I. Serious games for higher
education: a framework for reducing design complexity. J Comput Assist
Learn. 2008;24(5):420-32.

. Fissler P, Kolassa IT, Schrader C. Educational games for brain health: reveal-

ing their unexplored potential through a neurocognitive approach Front
Psychol. 2015:24;6:1056.

Germa A, Gosset M, Gaucher C, Valencien C, Schlumberger M, Colom-
bier ML, Moreau N, Radoi L, Boukpessi T, Davit-Beal T, Vital S, Wulfman

C. OSCEGame: A serious game for OSCE training. Eur J Dent Educ. 2020.
https://doi.org/10.1111/eje.12643. Online ahead of print.

Metz M, Theis F. Digitale Lernwelt - SERIOUS GAMES: Einsatz in der beru-
flichen Weiterbildung [use in professional training] 2011 Bertelsmann,
Bielefeld, volume 1.

Boot WR, Kramer AF, Simons DJ, Fabiani M, Gratton G. The effects of video
game playing on attention, memory, and executive control. Acta Psychol.
2008;129(3):387-98.

Sipiyaruk K, Gallagher JE, Hatzipanagos S, Reynolds PA. A rapid review

of serious games: From healthcare education to dental education. Eur J
Dent Educ. 2018;22(4):243-57.

Tanes Z, Cemalcilar Z. Learning from SimCity: an empirical study of Turk-
ish adolescents. J Adolesc. 20010;33(5):731-9

Wrzesien M, Raya MA. Learning in serious virtual worlds: evaluation of
learning effectiveness and appeal to students in the E-Junior project.
Comput Educ. 2010;55(1):178-87.

Sébke H, Arnold U, Montag M. Intrinsic motivation in serious gaming A
case study conference paper. 2020. https://doi.org/10.1007/978-3-030-
63464-3_34.

Rutledge C, Walsh C M, SwingerN; Auerbach M, Castro D, Dewan M,
Khattab M, Rake A, Harwayne-Gidansky |, Raymond TT, Maa T, Chang T.
Gamification in action: theoretical and practical considerations for medi-
cal educators. Acad Med. 2018;93;1014-1020. https://doi.org/10.1097/
ACM.0000000000002183.

Girard C, Ecalle J, Magnan A. Serious games as new educational tools:
how effective are they? A meta-analysis of recent studies. J Comput Assist
Learn. 2013;29 207-219.

Kron FW, Gjerde CL, Sen A, Fetters MD. Medical student attitudes toward
video games and related new media technologies in medical education.
BMC Med Educ. 2010;24(10):50.

Lynch-Sauer J. Nursing Students’ Attitudes Toward Video Games and
Related New Media Technologies. J Nurs Educ. 2011;50(9):513-23.

Borit M, Stangvaltaite-Mouhat L. GoDental! Enhancing flipped

classroom experience with game-based learning. Eur J Dent Educ.
2020;24(4):763-72.

Akl EA, Sackett KM, Erdley WS, Mustafa RA, Fiander M, Gabriel C, Schiine-
mann H. Educational games for health professionals. Cochrane Database
Syst Rev 2013;28;(3):CD006411.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 11 of 11

Blakely G, Skirton H, Cooper S, Allum P, Nelmes P. Educational gaming in
the health sciences: systematic review. J Adv Nurs. 2009;65(2):259-69.
Graafland M, Schraagen JM, Schijven MP. Systematic review of serious
games for medical education and surgical skills training. Br J Surg.
2012;99(10):1322-30.

Hannig A, Lemos M, Spreckelsen C, Ohnesorge-Radtke U, Rafai N.
Skills-o-mat: Computer supported interactive motion-and game-based
training in mixing alginate in dental education. J Educ Comput Res.
2013;48(3):315-43.

Wang R, DeMaria Jr S, Goldberg A, Katz D. A Systematic Review of
Serious Games in Training Health Care Professionals. Simul Healthc.
2016;11(1):41-51.

Amer RS, Denehy GE, Cobb DS, Dawson DV, Cunningham-Ford MA,
Bergeron C. Development and evaluation of an interactive dental video
game to teach dentin bonding. J Dent Educ. 2011;75(6):823-31.

Statista 2020 Anzahl der Smartphone-Nutzer weltweit von 2016 bis 2019
und Prognose bis 2023(in Milliarden) https://de statista.com/statistik/
daten/studie/309656/umfrage/prognose-zur-anzahl-der-smartphone-
nutzer-weltweit/. Accessed 16 March 2021.

Atas AH, Celik B. Smartphone Use of University Students: Patterns, Pur-
poses, and Situations. MOJET. 2019;7(2):59-70.

Rung A, Warnke F, Mattheos N. Investigating the use of smartphones for
learning purposes by Australian dental students. JMIR Mhealth Uhealth.
2014;16(4):1-8.

Bangor A, Kortum PT, Miller JT. Determining what individual SUS scores
mean: adding an adjective rating scale. J Usability Stud. 2009;4(3):114-23.
Bangor A, Kortum PT, Miller JT. An Empirical Evaluation of the System
Usability Scale. Intl J Hum Comput Interact. 2008;24(6):574-94.

Brooke J. SUS: A"quick and dirty” usability scale. In: Usability evaluation in
industry. Taylor and Francis; 1996. p. 189-94.

Aboalshamat K, Khayat A, Halwani R, Bitan A, Alansari R. The effects of
gamification on antimicrobial resistance knowledge and its relationship
to dentistry in Saudi Arabia: a randomized controlled trial. BMC Public
Health. 2020;20(1):680.

Yeh DD, Park YS. Improving the learning efficiency of factual knowledge
in medical education. J Surg Educ. 2015;72:882-9.

Van Gaalen AEJ, Brouwer J, Schonrock-Adema J, Bouwkamp-Timmer

T, Jaarsma ADC, Georgiadis JR. Gamification in health professions
education: a systematic review. Adv Health Sci Educ Theory Pract.
2021,26(2):683-711.

Felszeghy S, Pasonen-Seppénen S, Koskela A, Nieminen P, Harkonen K,
Paldanius KMA, Gabbouj S, Ketola K, Hiltunen M, Lundin M, Haapaniemi
T, Sointu E, Bauman EB, Gilbert GE, Morton D, Mahonen A. Using online
game-based platforms to improve student performance and engage-
ment in histology teaching. BMC Med Educ. 2019;19(1):273.

El Tantawi M, Sadaf S, AlHumaid J. Using Gamification to develop aca-
demic writing skills in dental undergraduate students. Eur J Dent Educ.
2018;22(1):15-22.

Mizrachi D. Online or print: Which do students prefer? In: Kurbanoglu S,
Spiranec S., Grassian E., Mizrachi D, Catts R. (eds) Information Literacy.
Lifelong Learning and Digital Citizenship in the 21st Century. ECIL

2014. Communications in Computer and Information Science, vol 492.
Springer, Cham. https://doi.org/10.1007/978-3-319-14136-7_76.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1111/eje.12643
https://doi.org/10.1007/978-3-030-63464-3_34
https://doi.org/10.1007/978-3-030-63464-3_34
https://doi.org/10.1097/ACM.0000000000002183
https://doi.org/10.1097/ACM.0000000000002183
https://de.statista.com/statistik/daten/studie/309656/umfrage/prognose-zur-anzahl-der-smartphone-nutzer-weltweit/
https://de.statista.com/statistik/daten/studie/309656/umfrage/prognose-zur-anzahl-der-smartphone-nutzer-weltweit/
https://de.statista.com/statistik/daten/studie/309656/umfrage/prognose-zur-anzahl-der-smartphone-nutzer-weltweit/
https://doi.org/10.1007/978-3-319-14136-7_76

	Assessment and evaluation of a serious game for teaching factual knowledge in dental education
	Abstract 
	Objectives 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Type of study
	App development
	Participant
	Test procedure
	Statistics

	Results
	Participant
	Pre-post-test
	Evaluation and usage statistics

	Discussion
	Conclusion
	Acknowledgements
	References


