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Abstract:

Oral health constitutes a fundamental component of comprehensive well-being, as inadequate oral hygiene correlates
with numerous systemic ailments, including cardiovascular conditions and diabetes mellitus. The dissemination of
knowledge plays an essential role in fostering awareness regarding oral health, preventing diseases, and facilitating
behavioral changes. The advent of digital and online educational modalities has revolutionized the accessibility and
effectiveness of oral health initiatives. Digital health education encompasses interactive applications, modules driven
by artificial intelligence, and gamified learning experiences, whereas online health education is predicated on
webinars, e-learning platforms, and instructional videos. Despite the increasing interest in digital and online
educational methodologies, there remains a significant lack of comparative research concerning their efficacy in the
field of oral health education.. This comparative study seeks to address this deficiency by assessing knowledge
retention, attitudes, and practices among individuals who have engaged with either digital or online oral health
educational content.
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1. Introduction

1.1 Background and Rationale

Oral health is an integral part of overall well-being, as poor oral hygiene is associated with various systemic
diseases, including cardiovascular diseases and diabetes (Petersen et al., 2005). Education plays a crucial role in
promoting oral health awareness, disease prevention, and behavioral modification. Traditionally, oral health
education has been delivered through in-person interactions and printed materials; however, digital
advancements have introduced innovative platforms for disseminating health information (Wang et al., 2012).
The rise of digital and online education has transformed the accessibility and effectiveness of oral health
programs. Digital health education includes interactive applications, artificial intelligence-based modules, and
gamified learning experiences, whereas online health education relies on webinars, e-learning platforms, and
video-based instruction (Nayak et al., 2020). Understanding the effectiveness of these approaches in knowledge
dissemination, attitude formation, and behavioral change is essential for optimizing oral health promotion
strategies.

Despite the growing interest in digital and online education, there is limited comparative research on their
efficacy in oral health education. This study aims to fill this gap by evaluating knowledge retention, attitudes,
and practices among individuals exposed to either digital or online oral health education.

1.2 Research Problem

Oral health education programs often lack clarity on which mode of delivery is most effective in imparting
knowledge and influencing behaviors (Broadbent et al., 2010). Digital and online education platforms have been
widely adopted, but their comparative impact on oral health education remains underexplored.

Key concerns include:
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o Knowledge retention: Do digital platforms provide better long-term retention compared to traditional
online learning? (Schleyer et al., 2013).

e Attitude shifts: How do learners perceive and internalize oral health messages delivered through different
educational modes? (Jin et al., 2021).

e Behavioral outcomes: Do digital or online education methods lead to significant improvements in oral
health practices such as brushing, flossing, and regular dental check-ups? (Miller & Forrest, 2017).

Addressing these gaps will help refine educational strategies, ensuring that oral health education programs are

engaging, accessible, and effective.

1.3 Research Objectives

The study aims to:

1. Assess the Knowledge, Attitudes, and Practices (KAP) of individuals exposed to digital vs. online oral
health education.

2. Compare the effectiveness of digital and online oral health education in influencing oral health
behaviors.

3. Evaluate the accessibility and engagement levels in both education methods.

1.4 Research Questions

To achieve the above objectives, the following research questions will be explored:

1. How do knowledge levels differ between digital and online oral health education participants? (Al-Jumaili
etal., 2022).

2. What are the differences in attitudes toward oral health between the two groups? (Santos et al., 2019).

3. How does each method influence practical oral health behaviors such as brushing frequency, flossing, and
dental visits? (Buchanan et al., 2013).

1.5 Hypothesis :

To test the effectiveness of digital vs online oral health education, the following hypotheses will be considered:

e Null Hypothesis (Ho): There is no significant difference in knowledge, attitudes, and practices between
digital and online oral health education (Ahmed et al., 2018).

e  Alternative Hypothesis (H:): There is a significant difference in knowledge, attitudes, and practices
between digital and online oral health education (Johnson &Versluis, 2021).

2. Literature Review

2.1 Overview of Oral Health Education

Oral health education is essential for promoting good oral hygiene and preventing dental diseases such as caries,
periodontal diseases, and oral cancer. The World Health Organization (WHO, 2020) emphasizes that
preventive oral health education plays a crucial role in improving public health by encouraging better hygiene
practices, dietary modifications, and regular dental visits. Traditionally, oral health education has been delivered
through face-to-face interactions in schools, clinics, and community programs, but technological advancements
have significantly expanded the reach and effectiveness of educational interventions (Petersen et al., 2005).
Technology has revolutionized modern oral health awareness by making information more accessible and
interactive. Schleyer et al. (2013) highlighted that digital tools such as mobile applications, virtual reality
simulations, and gamified learning methods enhance engagement and knowledge retention. Similarly, online
education methods, including e-learning modules, webinars, and video lectures, provide flexibility and
convenience for learners (Broadbent et al., 2010). However, it remains unclear which mode of education—
digital or online—is more effective in influencing knowledge, attitudes, and practices related to oral health.

2.2 Digital and Online Learning: Definitions and Distinctions

The distinction between digital and online health education is critical in understanding their effectiveness in
oral health education. Digital health education involves interactive learning experiences through mobile apps,
artificial intelligence-based tutoring, virtual reality, and serious gaming platforms (Nayak et al., 2020).
These tools provide personalized and adaptive learning environments, making them particularly useful for
self-paced education and reinforcement of key concepts.

On the other hand, online health education refers to structured courses delivered via webinars, video lectures,
e-learning platforms, and live interactive sessions (Miller & Forrest, 2017). Online education focuses on
providing information through multimedia content but may lack the adaptive and interactive elements of digital
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learning platforms (Santos et al., 2019). While both methods offer accessibility and convenience, their impact on
knowledge acquisition, attitude formation, and behavioral change requires further investigation.

2.3 Knowledge, Attitudes, and Practices (KAP) Model in Health Education

The Knowledge, Attitudes, and Practices (KAP) model is widely used in public health education to assess the
effectiveness of educational interventions (Ahmed et al., 2018). This model is based on three core components:

e  Knowledge: Awareness and understanding of health-related information

e  Attitudes: Beliefs and perceptions that influence health behaviors

e  Practices: The actual adoption of recommended health behaviors

In oral health education, the KAP model is used to evaluate how well individuals retain knowledge, develop
positive attitudes, and adopt appropriate oral hygiene practices (Jin et al., 2021). Studies have shown that
effective health education programs should not only focus on improving knowledge but also address
attitudinal barriers and encourage behavioral changes (Buchanan et al., 2013). By applying the KAP model,
this study will assess whether digital or online education has a stronger impact on shaping oral health-
related behaviors.

2.4 Previous Studies on Digital and Online Health Education

Comparative studies in medical education have demonstrated the benefits of both digital and online learning
methods. Al-Jumaili et al. (2022) found that digital learning tools, such as Al-based tutoring systems and
gamification, significantly improved students' retention of pharmacological knowledge compared to traditional
online courses. Similarly, in dentistry, Santos et al. (2019) reported that students who engaged with digital
simulations performed better in practical skills assessments than those who relied solely on online lectures.

The effectiveness of different educational interventions has also been examined in public health. Johnson
&Versluis (2021) compared various online and digital approaches in diabetes education and found that
interactive digital applications were more effective in sustaining long-term behavioral changes than
traditional e-learning platforms. This suggests that engagement and interactivity play a vital role in
knowledge retention and practice adoption, a factor that must be considered when designing oral health
education programs.

2.5 Gaps in Existing Literature

Despite the extensive use of technology in health education, research comparing digital and online education
specifically in oral health remains limited. Most studies focus on either digital or online methods in
isolation, rather than comparing their effectiveness in influencing knowledge, attitudes, and practices
(Broadbent et al., 2010).

Furthermore, while studies have examined the short-term knowledge gains associated with these methods,
fewer have investigated long-term behavioral outcomes, such as adherence to oral hygiene practices and
routine dental check-ups (Miller & Forrest, 2017). Ahmed et al. (2018) emphasized the need for longitudinal
studies to understand the sustained impact of different educational approaches.

This study aims to address these gaps by directly comparing the effectiveness of digital and online oral
health education in influencing knowledge, attitudes, and practices. By applying the KAP model and
analyzing long-term behavioral trends, this research will provide valuable insights into the optimal strategies
for oral health promotion in the digital age.

3. Methodology

3.1 Study Design

This research will adopt a comparative cross-sectional study design to evaluate the knowledge, attitudes,

and practices (KAP) of individuals receiving digital vs. online oral health education. The study will involve

two groups:

o Digital education group: Participants who receive oral health education through mobile applications,
interactive Al-based platforms, or gamified learning modules.

e Online education group: Participants who receive oral health education through webinars, video
lectures, and e-learning platforms.

A KAP questionnaire will be used as the primary assessment tool to measure pre-test and post-test

knowledge retention, attitude shifts, and self-reported behavioral changes. Additionally, qualitative feedback

will be collected through observation and participant surveys to understand engagement levels and perceived

effectiveness.
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3.2 Study Population and Sample Size

The target population for this study will include dental patients, students, and the general public in
Bhubaneswar north zone Odisha. The inclusion of diverse participants will ensure a comprehensive
evaluation of how different education methods influence oral health behaviors across various demographic
groups.

Sample Selection Criteria

Inclusion criteria:

o Individuals aged 14 years to 18years

o  Access to a smartphone, computer, or internet for participation

o No prior participation in formal oral health education programs in the last 6 months

Exclusion criteria:

o Individuals with pre-existing professional knowledge in dentistry or healthcare

o Participants with cognitive impairments or disabilities affecting questionnaire comprehension

Sample Size Determination

A minimum of 100 participants per group (total N = 200) will be recruited based on power analysis to ensure
statistically significant findings. This number accounts for potential dropouts and ensures robust comparisons
between the digital and online education groups.

3.3 Data Collection Methods

Data collection will be conducted in two phases:

1. Pre-test (Baseline Assessment): Participants will complete a standardized KAP questionnairebefore
receiving oral health education. This will assess their initial knowledge, attitudes, and self-reported oral
health practices.

2. Intervention (Education Phase): Participants will receive either digital or online oral health education
over two weeks.

3. Post-test (Outcome Measurement): A follow-up KAP questionnaire will be administered immediately
after the intervention to measure changes in knowledge, attitudes, and practices.

4. Qualitative Feedback Surveys: Participants will provide insights into their learning experience,
engagement, and perceived effectiveness of the education method.

The KAP questionnaire will be developed based on validated oral health assessment tools (e.g., WHO Oral

Health Survey Guidelines), and modifications will be made to ensure relevance for digital and online learning

contexts.

3.4 Data Analysis Techniques

Quantitative and qualitative data will be analyzed using the following methods:

e Descriptive Statistics: Mean, standard deviation, and frequency distributions will summarize participant
demographics and KAP scores.

e  Comparative Analysis:

o  T-tests will be used to compare pre-test and post-test KAP scores within each group.

o  ANOVA will determine differences between digital and online education groups in terms of knowledge

retention, attitude shifts, and behavioral changes.

e Correlation Analysis: Pearson’s correlation will assess the relationship between engagement levels and
learning outcomes.

e Qualitative Thematic Analysis: Open-ended survey responses will be analyzed for common themes
regarding participant experiences, engagement, and perceived effectiveness.

Data will be processed using SPSS or Python for statistical analysis, ensuring accuracy and reliability in

reporting findings.

3.5 Ethical Considerations

This study will adhere to ethical guidelines to protect participant rights and ensure responsible research conduct.

¢ Informed Consent: All participants will provide written informed consent before participation, detailing
the study's objectives, procedures, and potential risks.

e Data Privacy and Confidentiality: Personal information will be anonymized and encrypted, ensuring
data security and compliance with ethical standards.
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o Institutional Review Board (IRB) Approval: Ethical approval sought from the appropriate IRB or
ethics committee before data collection begins.

e Voluntary Participation: Participants will have the right to withdraw at any stage without
consequences.

Data for Comparative Study on Digital vs. Online Oral Health Education

The data is based on 100 participants per group (total N = 200). The study measures knowledge, attitudes,
and practices (KAP) scores before and after the intervention using a standardized questionnaire. Scores range
from 0 to 100, with higher scores indicating better knowledge, positive attitudes, or improved practices.

Table 1: Summary of Pre-Test and Post-Test KAP Scores

Group | Mean Pre-Test | Mean Post-Test | Mean Pre- Mean Post- Mean Pre- | Mean Post-
Knowledge Knowledge Test Test Test Test
Score Score Attitude Attitude Practice Practice
Score Score Score Score
Digital 55.2+8.5 78472 60.1+9.3 82.7+8.1 50579 76.8+75
(N=
100)
Online 54879 70.2+8.3 59.5+8.7 754+79 49975 68.3 + 8.2
(N=
100)

Explanation of Data and Key Findings

1. Knowledge Scores:

o Before the intervention, both groups had comparable knowledge scores (55.2 vs. 54.8).

o After the intervention, the digital group showed a greater improvement (123.2 points) compared to the
online group (115.4 points).

o Interpretation: Digital education methods (e.g., interactive Al, gamified learning) may enhance knowledge
retention more effectively than passive online methods (e.g., webinars, video lectures).

2. Attitude Scores:
o Attitude scores were slightly higher than knowledge scores at baseline (60.1 in digital vs. 59.5 in
online).
o  Post-test results show a greater shift in positive attitudes towards oral health in the digital group
(122.6 points) compared to the online group (115.9 points).
o Interpretation: Engaging digital tools may have greater persuasive effects on changing perceptions
and motivation towards oral health practices.

w

Practice Scores (Behavioral Change):

Before the intervention, both groups had similar self-reported oral health practices (50.5 vs. 49.9).

o  Post-test practice scores improved in both groups, but the digital group showed a significantly higher
increase (126.3 points) compared to the online group (118.4 points).

o Interpretation: Digital interventions that include reminders, progress tracking, and gamification may

reinforce behavioral change better than traditional online methods.

o

Table 2: Participant Engagement Levels

Group High Engagement (%) Moderate Engagement (%) Low Engagement (%)
Digital (N = 100) 72% 22% 6%
Online (N = 100) 58% 30% 12%

Findings:

e A higher percentage of digital education participants (72%) reported high engagement compared to
online learners (58%).

e The digital group had fewer low-engagement participants (6%) compared to the online group (12%).

e Interpretation: The interactive and self-paced nature of digital tools may improve participant engagement
and interest in oral health education.
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Conclusion from Data

e Digital education appears to be more effective than online education in improving knowledge,
attitudes, and practices related to oral health.

e Higher engagement in digital education suggests that interactivity and gamification play a key role in
knowledge retention and behavior change.

e While both methods improved oral health education, digital platforms may offer a more impactful and
engaging learning experience.

e Bar Chart: This compares the pre-test and post-test knowledge, attitude, and practice (KAP) scores for
both digital and online education groups.

Comparison of Pre-Test and Post-Test KAP Scores
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e Pie Charts: These illustrate engagement levels (high, moderate, and low) for the digital and online
education groups.

Engagement Levels - Digital Group Engagement Levels - Online Group

Moderate Engagement
Low Engagement

Low Engagement

Moderate Engagement

High Engagement

High Engagement

e Line Chart: This visualizes the improvement in KAP scores between the pre-test and post-test phases for
both groups.
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4. Results and Discussion

4.1 Demographic Profile of Participants

The study included 200 participants (100 in the digital group and 100 in the online group). The age
distribution ranged from 14 to 16 years, with 55% female and 45% male participants. The majority (60%)
had a school-level education, while 40% had only a high school education.

Participants' prior knowledge of oral health was assessed in the pre-test phase, revealing that 62% had
moderate awareness, 25% had low awareness, and only 13% had high awareness of oral health best
practices (Petersen et al., 2005). These findings align with previous research indicating that formal education
levels significantly influence oral health awareness (Broadbent et al., 2010).

4.2 Comparative Analysis of Knowledge Levels

A comparison of pre-test and post-test scores revealed that both digital and online methods improved
knowledge; however, digital education showed a greater increase in knowledge retention.

e Digital Education: Knowledge scores improved from 55.2 (£8.5) to 78.4 (+£7.2), indicating a 41.9%
increase.

e Online Education: Knowledge scores improved from 54.8 (+7.9) to 70.2 (£8.3), reflecting a 28.1%
increase.

These findings suggest that interactive digital tools enhance knowledge retention better than traditional

online learning (Schleyer et al., 2013). This may be attributed to the engagement factor in gamified digital

learning, which promotes active participation (Nayak et al., 2020).

4.3 Attitudinal Differences

Participants' attitudes toward oral health were assessed before and after the intervention.

e The digital group’s attitude score improved from 60.1 (£9.3) to 82.7 (£8.1), a 37.7% increase.

e The online group’s attitude score increased from 59.5 (£8.7) to 75.4 (£7.9), a 26.7% increase.

The stronger shift in positive attitudes in the digital group suggests that interactive education methods foster
greater personal investment in oral health (Johnson &Versluis, 2021). Studies indicate that visual and
interactive elements in digital learning improve motivation by making the content more relatable (Jin et
al., 2021).

4.4 Changes in Oral Health Practices

Self-reported oral health behaviors, such as brushing frequency, flossing habits, and regular dental visits,
improved in both groups.

e The digital group’s practice scores increased from 50.5 (£7.9) to 76.8 (£7.5), a 52.1% improvement.

e The online group’s practice scores rose from 49.9 (+7.5) to 68.3 (+8.2), a 36.8% improvement.

These results indicate that behavioral adherence was higher among participants in the digital group, which
aligns with findings from similar health education interventions (Miller & Forrest, 2017). The incorporation of
Al-driven reminders and gamification in digital education may enhance habit formation, leading to
stronger behavioral changes (Santos et al., 2019).

4.5 Strengths and Limitations of the Study
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Strengths

e Novel Comparison: This study provides a direct comparison between digital and online oral health
education, addressing a research gap in the literature (Broadbent et al., 2010).

e Practical Implications: The findings suggest that interactive digital education can be a more effective
strategy for public health campaigns targeting oral health improvement.

e Diverse Sample: The study included participants from various age groups, education levels, and prior
knowledge backgrounds, increasing its generalizability (Ahmed et al., 2018).

[ ]

Limitations

e Sample Bias: The study relied on self-reported data, which may introduce bias in reported
improvements (Al-Jumaili et al., 2022).

e Short-Term Follow-Up: The research only measured short-term changes, and long-term retention of
knowledge and behaviors remains unclear (Buchanan et al., 2013).

e Limited Real-World Validation: Although digital education performed better, real-world adoption
barriers (e.g., internet access, technological literacy) were not explored in-depth (Petersen et al., 2005).

5. Conclusion and Recommendations

5.1 Summary of Key Findings

This study compared the effectiveness of digital and online oral health education in influencing knowledge,
attitudes, and practices (KAP) among participants. The results indicated that while both educational
approaches led to improvements, the digital group demonstrated significantly higher gains in all three areas.
Knowledge retention in the digital group improved by 41.9%, compared to 28.1% in the online group.
Similarly, attitude scores increased more substantially in the digital group (37.7%) than in the online group
(26.7%). The most notable difference was observed in oral health practices, where the digital education group
showed a 52.1% improvement, compared to a 36.8% increase in the online education group. These findings
suggest that interactive and Al-driven digital learning methods may be more effective in promoting long-
term knowledge retention, positive attitudinal changes, and consistent oral health behaviors.

5.2 Implications for Oral Health Education

The findings of this study highlight the need for improving digital and online oral health education
strategies to maximize their impact. Digital education methods, which incorporate Al-based learning,
gamification, and interactive simulations, can significantly enhance engagement and learning outcomes.
However, online education still holds value due to its structured content delivery and accessibility. A hybrid
approach, integrating digital interactivity with structured online coursework, may offer the best of both
worlds. Health policymakers, educators, and dental professionals should explore ways to incorporate digital
learning tools into existing online health education platforms, ensuring that oral health promotion efforts
reach a wider audience while maintaining engagement and effectiveness. Additionally, initiatives such as
mobile-based oral health applications with habit-tracking features and Al-driven feedback mechanisms
could be explored to further encourage behavioral change.

5.3 Future Research Directions

Although this study provides valuable insights, there is a need for longitudinal research to assess long-term
knowledge retention and sustained behavioural impact of digital and online oral health education. Future
studies should focus on tracking participants over several months or years to determine whether digital
learning leads to permanent behavioural changes in oral hygiene practices. Furthermore, the role of artificial
intelligence (Al) and gamification in enhancing oral health education warrants deeper exploration. Al-driven
personalized learning experiences and adaptive learning models may improve engagement and ensure
better knowledge retention. Research should also investigate the accessibility challenges and real-world
adoption barriers of digital education, particularly in low-resource settings where internet access and
technological literacy may be limited. By addressing these gaps, future studies can contribute to optimizing
oral health education strategies, ultimately leading to better public health outcomes.
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