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Introduction: Many dental students lack sufficient knowledge to manage dental trauma. Traditional lectures usually involve one-way
communication from the instructor to the students. Game-based learning strategies can increase student engagement, offer hands-on
experiences, and promote a deeper interest in learning.

Objective: To compare the knowledge and satisfaction of dental interns participating in game-based learning versus traditional
learning method on traumatic dental management at KAUFD.

Methods: An experimental study conducted at the Faculty of Dentistry at King Abdulaziz University involved a sample size of 88
dental interns. The interns were divided into a game-based learning group (game group) and a traditional lecture group (lecture group).
The game group participated in a game-based learning session, engaging in an educational game focused on managing permanent
teeth trauma. Meanwhile, the lecture group attended a traditional lecture covering the same topic. Both groups took part in pre- and
post-quizzes before and after the sessions and completed a satisfaction survey distributed after the sessions.

Results: Both lecture formats significantly enhanced knowledge retention. Post-intervention scores were comparable between the
groups (p = 0.393), The mean post-intervention correct score for the lecture group was 12.72 (SD = 1.33; 95% CI: 12.32-13.13), while
the mean score for the game group was 12.62 (SD = 1.56; 95% CI: 12.15-13.09). showing no significant difference in score
improvements (p = 0.315). The post-intervention satisfaction survey indicated positive responses in both groups, with no significant
differences in satisfaction levels.

Conclusion: The findings indicate that both game-based learning and traditional lectures are equally effective in enhancing knowl-
edge and ensuring high satisfaction among dental interns. Given the similar results, it is recommended to incorporate both approaches
in educational settings. Future research should investigate the impact of new content and more complex game designs to understand
their potential benefits better.
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Introduction

Dental trauma refers to injuries that affect the teeth and surrounding hard and soft tissues, including gingival tissues, lips, and
tongue." This issue is common among children and adolescents.” In deciduous dentition, the occurrence of traumatic dental
injuries (TDI) reaches its peak at around 2 to 3 years old, while for permanent dentition, boys are more prone to TDI at around
9 to 10 years old.” In Saudi Arabia, a study was conducted in Jeddah among children from the age of 1 to 17, also found that the
frequency of traumatic dental injuries peaks around the age of 9 to 11, with the boys being more prone to TDI among all the
age groups included in the study.* The main causes of traumatic dental injuries include falls, which account for approximately
68% of cases and often result from a loss of balance while engaging in activities such as riding, running, walking, or playing.
Additionally, trauma can also occur due to fighting or road traffic accidents.*> The management of TDI can be challenging and
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time sensitive, it can vary according to the type of trauma, the location and number of teeth involved, the involvement of
surrounding oral structures such as the lips and the tongue, and the time and place where the trauma occurred.*

Numerous studies have highlighted the issue of inadequate knowledge among dental students regarding managing
dental trauma, attributing it to the overwhelming volume of information, the similarities in the subject matter, and low
clinical exposure during training.>® Although recent educational research provides little evidence that adapting teaching
methods to individual learning styles leads to significant improvements in learning outcomes, the presence of varying
learning styles among individuals can contribute to the occurrence of this issue, as it impacts the ability to retain
information. Everyone has a unique learning style that aids in comprehending and retaining information.”® Keefe
describes learning types as a combination of cognitive, physiological, and emotional characteristics that guide how
students behave and interact in the learning environment.’

Identifying and understanding learning styles can enhance the educational process and optimize teaching effective-
ness. This challenge can be addressed by shifting from traditional teaching methods to more engaging approaches such as
flipped classrooms, game-based learning, interactive workshops, or a combination of these strategies to tackle the issue of
insufficient information on complex subjects like dental health trauma.’

Conventional lectures are typically characterized by a teacher-centered approach, with students playing a passive role
in the learning process. This format often limits the development of higher-order cognitive skills such as analysis,
reasoning, and critical thinking. In contrast, game-based learning (GBL) offers a more interactive and student-centered
experience. By promoting active participation, providing simulated hands-on opportunities, and stimulating intrinsic
motivation, GBL supports deeper engagement and enhances the development of problem-solving skills abilities.'%'!

GBL refers to using games in non-gaming activities within the educational context to enhance student engagement and
motivation. It is also known by various synonymous terms, including “educational games”, “gamification”, and “serious
games.” Numerous examples of GBL implementation can be observed, such as the incorporation of escape rooms, software
applications, quiz-based games, and real-life scenario simulations.'*'* Recently, there has been a growing interest in game-
based learning as an effective teaching method focused on stimulating learning through hands-on experiences while enriching
students’ comprehension and learning processes, encourages student engagement in educational activities, fosters the
development of problem-solving abilities, and cultivates critical thinking skills.'%!'*!>

A randomized clinical trial assessed the impact of using an electronic game-based learning approach versus the conven-
tional lecture method. It stated that the use of GBL integrates a simulated learning environment with a teaching strategy
centered on games. The study indicated that employing the electronic game-based learning method offers significantly higher
participants’ test scores than traditional teaching. Additionally, students reported having a more enjoyable and engaging
learning experience.'® Another investigation was conducted to assess the impact of integrating serious games- interactive
computer applications- with traditional lectures. Numerous studies have shown that utilizing serious games leads to improved
knowledge retention.!” The research was a randomized clinical trial involving 27 undergraduate medical students. The
findings indicated that the serious games method was successful in improving the scores of participating subjects.'” Building
upon these findings, further investigations have explored the integration of serious games with conventional lectures,
highlighting their potential to reinforce learning outcomes and complement traditional instructional methods. A pilot
randomized controlled trial investigated the efficacy of GBL in enhancing diagnostic accuracy among medical professionals.
A total of 90 participants were enrolled in the study. The results indicated that GBL is an effective approach for improving
diagnostic accuracy in both medical trainees and practicing clinicians, with benefits sustained over time.'® Furthermore,
a notable advantage of game-based learning is its capacity to enhance frontal brain activity. A comparative analysis of frontal
activation patterns between non-game-based and game-based approaches to the same task revealed that the game-based
method elicited significantly greater activation in the brain’s frontal regions."”

Existing evidence highlights a gap in research that directly compares game-based learning (GBL) to conventional
lecture methods among learners, particularly with respect to complex and clinically relevant topics in dentistry.
Therefore, this study aims to evaluate and compare knowledge acquisition and learner satisfaction among dental interns
at King Abdulaziz University, Faculty of Dentistry (KAUFD), participating in a game-based learning session versus

a traditional lecture on managing traumatic dental injuries.
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Material and Methods
Ethical Approval

Ethical approval for this study was obtained from the Research Ethics Committee of the Faculty of Dentistry at King
Abdulaziz University, Jeddah, Saudi Arabia (proposal number: 010—01-22). All procedures were conducted following the
ethical standards of the institutional research committee and the Helsinki Declaration.

Study Design and Participants

A cross-sectional comparative study was conducted. Dental interns enrolled at the Faculty of Dentistry at King
Abdulaziz University, Jeddah, Saudi Arabia, during the academic year 2023-2024 who provided informed consent
to participate were included. Exclusion criteria included undergraduate dental students, postgraduate students,
interns enrolled in academic years other than 2023-2024, and dental interns who did not wish to participate. An
invitation Email was distributed to all 173 dental interns one week before the scheduled lectures. A total of 88
interns responded and registered for participation. These interns were randomly and blindly assigned to two
groups: the game-based learning group (GBL) and the traditional lecture group (Lecture Group) (Figure 1).

Development of Learning Outcomes and Case Scenarios

Two authors, expert in the field, collaboratively agreed upon the learning outcomes and topics to be covered in the traditional
lecture format (a slideshow-based lecture). Given that the lecture targeted dental interns who had already acquired
foundational knowledge of the subject matter, an interactive, case-based learning approach was adopted. This method
emphasized higher-order cognitive skills by presenting clinical scenarios followed by questions that required participants to
discuss the management of each case. The same clinical scenarios and questions were subsequently adapted for use in the
GBL group to ensure content consistency between groups. These materials were reviewed and discussed among all authors,
who provided feedback to enhance the clarity and relevance of the questions for the GBL intervention.

Development of the Game-Based Learning (GBL) Tool

For the GBL tool development, the clinical case scenarios originally used in the conventional lecture were modified into an
interactive format. A volunteer undergraduate student from the Department of Computer Science at King Abdulaziz
University assisted in developing the GBL platform by designing customized visual elements to accompany each case.
Two co-authors created hand-drawn illustrations depicting various treatment options for traumatic dental injuries, which
were then digitized and incorporated into an interactive drag-and-drop web-based interface. The game was developed using
Visual Studio Code, with HTML, CSS, and JavaScript programming (Figure 2). Several treatment options were visually
presented for each clinical case, and participants were required to drag and drop their selected option into a designated
answer box. The system automatically advanced the participant to the next case scenario after selecting the correct answer, if
not, the system will indicate a wrong input to the participant and will require a correct re-entry to advance. The process
continued until all clinical cases were completed. Following the game’s development, content validation was conducted by
consulting with 10 faculty members, who tested the game and assessed the tool for ease of use, clarity of instructions, and
overall user experience. The feedback was incorporated into the subsequent version of the game. After that, face validation
was conducted by a pilot test in which 10 undergraduate students also assessed the tool for ease of use, clarity of instructions,
and overall user experience. Their feedback was included in the final version of the game.

Intervention Procedure
One week before the lectures, an initial announcement Email was sent to all dental interns at KAUFD, providing information
about the study and the time and location of the continuing education lectures on the management of traumatic injuries to
permanent teeth. Subsequently, two follow-up reminder emails were sent to encourage attendance and participation.

On the day of the intervention, dental interns were randomly assigned to two groups using a computer-generated
randomization tool (random.org): the traditional lecture group and the GBL group. All participants provided written
informed consent before participation. Interns in the GBL Group were instructed to bring their preferred electronic
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88 dental interns at KAUFD
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Pre-intervention quiz (15 Pre-intervention quiz (15
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Post-intervention satisfaction Post-intervention satisfaction
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Figure | Shows the grouping and the process of the project.

devices, such as laptops, tablets, or smartphones, to facilitate engagement with the web-based educational game. In the
traditional lecture group, author I.A., a faculty member from the Department of Pediatric Dentistry at King Abdulaziz
University, delivered the lecture in-person. In the GBL group, they participated in a one-hour game-based learning
session in which they completed interactive clinical case scenarios followed by a brief discussion held with a faculty
member (author F.D.) to address any questions and reinforce the learning material. The duration was one hour for both
sessions, and the same facilitators were involved in both groups to control for instructor-related variability.

Assessment of Outcomes

All participants completed a validated 15-item multiple-choice knowledge quiz immediately before and after their respective
sessions to assess knowledge acquisition. In addition, a nine-item satisfaction survey was administered post-intervention to
evaluate participants’ perceptions of the educational method. The content validity of both the quiz and the survey was
established through expert review, during which specialists assessed each item for clarity, relevance, and alignment with the
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Figure 2 A screenshot from the game that shows one of the drag-and-drop interactive parts.

study’s learning objectives. The experts were selected based on their academic qualifications and professional experience in
dental education, with a minimum of five years of teaching or curriculum development experience in the field.

Statistical Analysis

Data analysis was conducted using descriptive and inferential statistical methods. Means and standard deviations were
calculated for continuous variables, while proportions and counts were reported for categorical variables. For each
question, the correct answer received a score of 1, and the wrong answer received a score of 0. The total scores were
compared for each group. The Shapiro—Wilk test was performed to assess the normality of data distribution, and
Levene’s test was used to evaluate the homogeneity of variances. To compare pre- and post-intervention quiz scores
within both the lecture (control) and game-based learning (test) groups, a paired t-test was employed. An independent
t-test was used to compare the overall post-intervention quiz scores between the lecture and game groups. Additionally,
the Mann—Whitney U-test was applied to analyze differences in quiz scores between the two groups when appropriate.
Fisher’s exact test was conducted for the post-intervention satisfaction survey to determine the statistical significance of
differences between the groups. All statistical analyses were performed using Stata/SE 16.1 (StataCorp, College Station,
TX, USA). A significance level of p < 0.05 was set for all statistical tests.

Results

Eighty-eight interns agreed to participate in this study. The participants were divided into two groups: 43 (48.86%) in the
lecture (control) group and 45 (51.14%) in the game (test) group. The lecture group consisted of 12 males and 31 females,
while the game group consisted of 18 males and 27 females. The mean age of the participants was 24 (SD = 0.64).

Table 1 presents the within-group comparison of overall scores before and after the intervention, evaluating the changes
from pre- to post-exposure for both the lecture (control) and game (test) groups individually. The pre-intervention mean
correct score for the lecture group was 10.6 out of 15 (SD =2.34), with a 95% confidence interval ranging from 9.88 to 11.33.
After the intervention, the mean correct score increased to 12.72 (SD = 1.33. The paired #-test revealed that this improvement

was statistically significant, with a p-value of less than 0.001. The pre-intervention mean correct score in the game group was
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Table 1 The Comparison Between Overall Pre-Intervention Scores and Overall Post-
Intervention Scores for Both Groups (N=88)

Intervention n | Mean | SD 95% ClI p-Value

Lecture (Control)

Pre-intervention Correct Score (Out of 15) | 43 106 | 234 | (9.88, 11.33) | <0.001*

Post-intervention Correct Score (Out of 15) | 43 | 12.72 | .33 | (1231, 13.13)

Game (Test)

Pre-intervention Correct Score (Out of 15) | 45 I 2.07 | (1038, 11.62) | <0.001*

Post-intervention Correct Score (Out of 15) | 45 | 12.62 | .56 | (12.15, 13.09)

Notes: n: Number of participants per group, SD: Standard deviation. p-value was obtained using Paired T-test. (¥)
Statistically significant.

11 out of 15 (SD =2.07). Following the intervention, the mean correct answer score rose to 12.62 (SD = 1.56). The paired z-test
indicated that the increase in correct scores was statistically significant, with a p-value of less than 0.001.

Table 2 presents a comparison of the post-intervention correct scores between the lecture (control) group and the
game (test) group to assess whether the type of intervention led to differences in improvement. The mean post-
intervention correct score for the lecture group was 12.72 (SD = 1.33; 95% CI: 12.32-13.13), while the mean score
for the game group was 12.62 (SD = 1.56; 95% CI: 12.15-13.09). An independent #-test revealed no statistically
significant difference between the two groups’ post-intervention scores (p = 0.393), indicating comparable improvements
following both interventions.

Table 3 compares the improvement magnitude in scores between the lecture (control) and game (test) groups by
evaluating the differences between pre- and post-intervention scores within each group. The lecture group demonstrated
a mean increase of 2.11 points, while the game group showed a mean increase of 1.62 points. A Mann—Whitney U-test
revealed no statistically significant difference in the degree of score improvement between the lecture and game groups
(p = 0.315), suggesting that both interventions resulted in comparable gains.

Table 4 presents the results of the post-intervention satisfaction survey for participants in both the control and test
groups. Each question was evaluated based on levels of agreement (Disagree, Neutral, Agree), and Fisher’s Exact test was
used to compare the results and determine statistical significance between the two groups. The survey findings indicate that

Table 2 The Comparison of Overall Post-Intervention Correct
Scores Between the Test and Control Groups (N=88)

Intervention n | Mean | SD 95% ClI p-Value

Lecture (Control) | 43 | 1272 | 1.33 | (1232, 13.13) 0.393

Game (Test) 45 | 1262 | 1.56 | (12.15, 13.09)

Notes: Number of participants per group, SD: Standard deviation.p-value was
obtained using Independent T-test.

Table 3 The Comparison of Score Differences Between the
Test and Control Groups (N=88)

Intervention n | Mean | SD 95% CI p-Value
Lecture (Control) | 43 | 2.11 2.16 | (1.45,2.78) 0.315
Game (Test) 45 1.62 1.84 | (1.07, 2.17)

Notes: n: Number of participants per group, SD: Standard deviation. p-value was
obtained using Mann Whitney U-test.
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Table 4 Post Intervention Satisfaction Survey for Participants (N=88)

Question Response Lecture Game p-Value
n % n %
QI. Lecture objectives were clear. Disagree 0 0 0 0 0511
Neutral 0 0 | 222

Agree 43 100 | 44 | 97.78

Q2. Effective use of technology was made to support my learning. Disagree | 2.33 0 0 0.122

Neutral 4 9.3 | 222

Agree 38 | 88.37 | 44 | 97.78

Q3. | was encouraged to ask questions and develop my own ideas. Disagree 0 0 0 0 0.522

Neutral 2 4.65 3 6.67

Agree 41 | 9535 | 42 | 9333

Q4. | was inspired to do my best work. Disagree 0 0 0 0 0.64

Neutral 3 6.98 3 6.67

Agree 40 | 93.02 | 42 | 9333

Q5. What | learned is important and useful to me. Disagree 0 0 0 0 0.483

Neutral 2 4.65 | 222

Agree 41 | 9535 | 44 | 97.78

Q6. The lecture helped me to improve my critical thinking and my ability to solve problems Disagree 0 0 0 0 0.483

effectively
Neutral 2 | 465 | 222

Agree 41 | 9535 | 44 | 97.78

Q7. The lecture material was of high-quality and appropriate for learning. Disagree 0 0 0 0 0.674

Neutral 2 4.65 2 4.44

Agree 41 | 9535 | 43 | 95.56

Q8. The teaching method was interesting and had my attention throughout the lecture. Disagree | 233 0 0 0.122

Neutral 4 9.3 | 222

Agree 38 | 8837 | 44 | 97.78

Q9. Overall, | was satisfied with the quality of this lecture. Disagree 0 0 | 2.22 |

Neutral 0 0 | 2.22

Agree 43 100 | 43 | 95.56

Notes: n: Number of participants per group, %: Percentage. p-value was obtained using Fisher’s Exact test.

participants in both the lecture and game groups generally responded positively to the interventions. None of the p-values

were below 0.05, suggesting no statistically significant differences between the groups for any survey questions.

Discussion
The aim of this research was to assess the level of knowledge and satisfaction among dental interns at KAUFD who were exposed
to a game-based learning session compared to those who received a traditional lecture on traumatic dental management.
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The findings of this study demonstrate that both educational interventions—lecture-based and game-based—significantly
improved participants’ knowledge, as evidenced by the within-group comparison of pre- and post-intervention scores.
However, when comparing the post-intervention scores between the two groups, no statistically significant difference was
observed, suggesting that both methods were similarly effective in enhancing knowledge. Furthermore, analysis of the score
gains (ie, the difference between pre- and post-intervention scores) revealed a slightly higher mean improvement in the lecture
group compared to the game group; however, this difference was not statistically significant. Our results are closely aligned
with those found by Fernandez-Gomez et al in a 2024 study that also compared the traditional lecture to a gaming approach
and assessed the level of satisfaction afterwards, despite some variables such as the sample being 4th and 5th year dental
students versus our sample of dental interns.” Our study’s results collectively indicate that while both interventions are
effective, neither method demonstrated superiority over the other regarding knowledge acquisition. Therefore, the null
hypothesis is rejected.

A systematic review evaluated 27 randomized controlled trials (RCTs) to compare the efficacy of game-based
learning methods with traditional lectures. Several studies demonstrated that employing gaming as a teaching method
can enhance knowledge acquisition, skill development, and satisfaction, while others indicated that both techniques yield
comparable outcomes.”’ On the other hand, Almashayek I. et al compared the effectiveness of game-based learning
methods with traditional lecture methods. Their findings indicated that the traditional teaching method was more effective
in improving knowledge than the game-based learning method due to the familiarity of the participants with traditional
lectures.*” Our results indicated that both the game-based learning method and the traditional lecture resulted in similar
levels of knowledge among the dental interns. The resemblance in results between the two teaching methods can be
ascribed to the simplicity of the game design (drag and drop), which closely mirrored a traditional slide show lecture with
minimal interaction. Furthermore, since the educational material was not new to the students and was mainly used as
a review of their existing knowledge, both the lecture and the game effectively reinforced this information.

The results indicated no significant differences in satisfaction levels between game-based and traditional lectures,
suggesting that both methods were similarly effective in achieving high satisfaction levels. However, outcomes could
vary with new content or when utilizing a more advanced game. Given the comparable satisfaction rates obtained, it is
logical to propose that both strategies are viable choices. Educators could consider integrating both methods to
accommodate various learning preferences and enhance engagement. On the other hand, a randomized clinical trial
was conducted with a sample of 98 students, and their findings indicated that the game-based learning method was more
effective in enhancing comprehension and was perceived as more enjoyable by the students than traditional teaching
methods.'” The game method they used resembled a popular TV show, which can explain the high satisfaction rate
perceived from their participants. These findings were similar to the findings by Aljezawi et al, which used a Jeopardy-
style game, and Moradian et al, which utilized physical tools for the game group.****

This study is limited by the relatively small sample size, which may affect the generalizability of the results.
Furthermore, the simplicity of the game design (drag and drop) used in the study could have influenced the level of
engagement and interaction, which could have influenced the overall satisfaction of the participants. Additionally,
attendance was not mandatory and depended on the dental interns’ cooperation and desire to attend the offered
continuous education lectures; dental interns who participated in the lectures are more likely to be the more studious
students of their batch. Since the material given in these lectures was not new to the participants, a studious dental intern
is expected to score higher in the pre-test, which will minimize the difference in the gained scores and affect the outcome
of the study. Further research should explore the effects of more advanced game-based learning activities and new
content to ascertain whether these variables yield different outcomes.

Conclusion

The findings of this research indicate that game-based learning and traditional lectures are both successful methods in
enhancing the knowledge of dental interns and ensuring a high degree of satisfaction. Due to the comparable results
obtained in this study, it is recommended to incorporate both approaches in academic environments. However, further
investigation into the impact of new content, more complex game designs, and a series of lectures is recommended to
fully understand their potential benefits.
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