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1. Introduction

Dental caries stands as one of the most ubiquitous

and historically persistent

non-communicable

ABSTRACT

Dental caries is a pervasive non-communicable disease, affecting
approximately 80% of children in Indonesia. Children in the transitional
dentition phase (aged 7-8 years) frequently lack awareness regarding oral
health. Traditional educational models often fail to instill long-term
behavioral changes. This study aims to evaluate the short-term impact of an
interactive multimodal educational intervention grounded in the Health
Belief Model on the early caries detection knowledge of 7-8-year-old
schoolchildren in an urban middle-income setting. A quantitative pre-
experimental, one-group pre-test and post-test design was utilized. A
convenience sample of 57 grade 2 students from SD IT Cendikia Andalas
participated. The intervention deployed tactile dental models, posters, and
animated videos. The curriculum detailed anatomical function, caries
etiology, early visual detection, and preventive strategies. Knowledge was
measured wusing a validated 5-item questionnaire focusing on
pathophysiology and visual cueing. Descriptive statistics included Medians
and Interquartile Ranges (IQR). Hypothesis testing utilized the Wilcoxon
Signed Rank Test. The cohort demonstrated a statistically significant short-
term increase in knowledge. The pre-test Median score was 4.0 (IQR: 3.0-
4.0), which increased post-intervention to a Median of 5.0 (IQR: 4.0-5.0) (p
< 0.001). Both female (p < 0.001) and male (p < 0.001) subgroups showed
significant improvements. Identification of white spot lesions improved from
35.1% to 87.7%. In conclusion, multimodal education is associated with a
significant short-term increase in early caries detection knowledge among
young schoolchildren. Integrating such interactive modules into longitudinal
curricula alongside parental involvement is recommended for sustained
public health impact.

Microorganisms, primarily Streptococcus mutans and
various Lactobacillus species, metabolize these

carbohydrates through anaerobic glycolysis,

diseases afflicting pediatric populations worldwide. It
is fundamentally characterized as a multifactorial,
biofilm-mediated, and diet-modulated pathology.! The
underlying etiology is deeply rooted in the ecological
plaque hypothesis, which outlines how a dysbiosis
within the oral microbiome initiates the disease
process. When dietary fermentable carbohydrates are
frequently consumed, they provide an abundant
metabolic substrate for acidogenic and aciduric

bacteria natively residing in the oral -cavity.

producing organic acids, predominantly lactic acid, as
a byproduct. This continuous acid production forces
the environmental pH of the local dental biofilm to
plummet below the critical threshold required to
maintain enamel stability. Consequently, the
dissolution of hydroxyapatite crystals within the
dental hard tissues begins, leading to localized
demineralization. If this localized demineralization is
not intercepted by remineralizing agents such as

salivary calcium, phosphate, and exogenous fluoride,
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the subsurface porosity eventually collapses,
culminating in irreversible hard tissue destruction and
macroscopic cavitation.

The pathogenesis of this disease extends far
beyond localized enamel degradation; it severely
compromises the overall structural integrity of the
dentition and the broader oral cavity. Left unmanaged,
carious lesions progress deep into the dentin and
pulpal tissues, inducing acute neurogenic pain,
chronic inflammation, and recurrent localized
infections such as dental abscesses. These
physiological manifestations exert profound systemic
impacts that can severely stunt holistic pediatric
growth and developmental trajectories. Children
suffering from advanced dental caries frequently
experience heavily disrupted sleep patterns due to
nocturnal pain, which subsequently impairs daytime
cognitive functioning, diminishes attention spans, and
severely reduces academic performance in educational
settings.2 Furthermore, the pain associated with
mastication often leads to dietary avoidance and
compromised nutritional intake, placing these
children at an elevated risk for malnutrition and
subsequent physical growth stunting. Thus, the
burden of dental caries transcends the boundaries of
the oral cavity, representing a critical pediatric public
health crisis that fundamentally diminishes the overall
quality of life and long-term potential of affected
children.

Epidemiological data continuously underscore the
vast severity of this issue, particularly within
developing regions where access to preventative
healthcare, fluoridated water systems, and oral health
literacy remains disproportionately low. In Indonesia,
the epidemiological landscape of pediatric dental
caries represents a critical public health emergency.
Current data indicate that the prevalence of dental
caries in Indonesian children is extraordinarily high,
affecting approximately 80% of the demographic. This
staggering statistic highlights a systemic failure in
early preventive interventions and underscores the
profound influence of shifting dietary patterns,

specifically the increased accessibility and frequent

consumption of highly processed, sugar-laden foods in
rapidly urbanizing environments.3 Such a high disease
burden within a developing nation necessitates
immediate, large-scale paradigm shifts in public
health strategy. The current trajectory heavily relies on
reactive, restorative dentistry, which is economically
burdensome, highly anxiety-inducing for pediatric
patients, and practically unsustainable given the vast
population and geographically dispersed healthcare
resources across the archipelago. Therefore, there is
an urgent imperative to transition toward proactive,
preventive, and community-based public health
dentistry that prioritizes education and early
behavioral modification over late-stage surgical
intervention.

Within the pediatric demographic, the transitional
dentition phase, typically occurring in children aged 7
to 8 years, represents an absolutely critical window for
establishing lifelong oral hygiene habits. During this
distinct developmental stage, the primary dentition
begins to exfoliate, and the first permanent molars
erupt into the oral cavity. These newly erupted
permanent teeth are highly susceptible to carious
attacks due to their immature enamel structure and
complex occlusal morphology, which easily harbors
pathogenic biofilm. Unfortunately, children in this
specific demographic frequently exhibit a profound
lack of awareness regarding the biological necessity of
systematic oral hygiene practices. Their cognitive
understanding of health and disease is often
rudimentary, leading to highly deficient behavioral
routines. Practices such as neglecting nocturnal
toothbrushing regimens, consuming cariogenic
snacks between meals, and utilizing improper
brushing techniques are rampant.4

These deficient behaviors do not exist in a vacuum;
they heavily synergize with a lack of robust support
systems from both parents and educational
institutions. Parents often operate under the
misconception that primary teeth are entirely
disposable and thus require minimal care,
inadvertently fostering an environment of dental

neglect that carries over into the permanent dentition



phase.5 Concurrently, traditional didactic educational
models employed within primary schools have proven
largely insufficient in modifying these entrenched
behaviors or imparting durable clinical knowledge to
pediatric  populations. Conventional classroom
instruction typically relies on passive pedagogical
methods, such as unidirectional lecturing and the rote
memorization of simple hygiene commands. These
methods fail to engage the child's intrinsic curiosity,
lack interactive reinforcement, and largely fail to instill
any long-term behavioral changes.®

Furthermore, the deeper ecological and
physiological understanding of caries is rarely taught
at the primary school level. Specifically, the ability to
recognize the early clinical signs of the disease before
irreversible cavitation occurs remains a massive gap in
pediatric health literacy. The initial macroscopic
manifestation of dental caries is not a dark cavity, but
rather an opaque, chalky area on the tooth surface
known as a white spot lesion, which represents
subsurface enamel porosity and active
demineralization. If children are taught to visually
identify these early warning signs, the disease process
can be recognized early, empowering the patient and
caregivers to seek mnon-invasive remineralization
protocols. Addressing this critical gap requires
pedagogical strategies that radically evolve beyond
traditional pamphlets and lectures.” Educational
interventions must incorporate engaging,
communicative, and visually stimulating media that
directly capture the attention of young learners and
clarify the invisible biological processes occurring
within their own mouths.

To optimize health literacy in this vulnerable
demographic, educational interventions must be
deeply anchored in established health behavior
theories rather than relying on pedagogical intuition.
The Health Belief Model provides a highly robust
theoretical framework for this endeavor. This
psychological model posits that individuals will take
health-related action if they feel genuinely susceptible
to a condition that carries serious consequences, and

if they strongly believe that the prescribed preventive

action will be beneficial in reducing that threat. By
teaching 7-8-year-old children to visually recognize
the early stages of demineralization, the educational
intervention directly enhances their perceived
susceptibility. When a child understands what a white
spot lesion is and how it forms biologically, the threat
of tooth decay transitions from an abstract parental
warning into a tangible, observable reality. This
heightened diagnostic awareness serves as a powerful
internal cue to action, motivating the child to adopt
and sustain the recommended preventive behaviors,
such as rigorous biofilm removal, because they now
understand the direct physical benefits of these
actions.8

Transitioning this complex medical and
pathophysiological knowledge to 7-8-year-olds aligns
seamlessly with Jean Piaget’s foundational theory of
cognitive development. According to Piaget, children at
this specific age enter the concrete operational stage of
cognitive development. During this phase, the child's
thought processes become increasingly logical and
organized, but they remain heavily tethered to
concrete, physical realities rather than abstract
concepts. They can grasp complex cause-and-effect
relationships—such as the interaction between dietary
sugar, bacterial acid production, and tooth
dissolution—only if they are provided with tangible,
tactile, and visual representations of these
phenomena.9 Therefore, relying on abstract verbal
warnings about invisible bacteria is developmentally
inappropriate and ultimately ineffective. The
deployment of visually and tactilely engaging tools,
such as animated videos depicting the microscopic
oral environment and large anatomical dental models
that children can touch and manipulate, provides an
optimal cognitive scaffold. These multimodal tools
bridge the gap between abstract microbiology and
concrete understanding, allowing young learners to
internalize complex health information effectively.10

This study was conducted within the specific socio-
economic context of SD IT Cendikia Andalas, an urban
educational institution serving predominantly middle-

income families. Recognizing the inherent and



undeniable link between public dentistry and the
broader social determinants of health, evaluating
educational interventions within highly specific
community contexts is vital for assessing their true
clinical utility and generalizability. Interventions that
succeed in one socio-economic stratum may require
significant cultural or pedagogical adaptation before
being deployed in another environment. Despite the
universally recognized importance of pediatric oral
health literacy, precise methodologies for teaching
young children how to autonomously self-detect early
carious lesions remain severely underexplored in
current scientific literature. Most public health
programs stop at basic hygiene instruction, failing to
empower the pediatric patient with any form of
diagnostic awareness. Therefore, the primary aim of
this study is to evaluate the short-term impact of an
interactive education intervention on improving
knowledge regarding the early detection of dental
caries among students aged 7-8 years. The novelty of
this research lies in its specific focus on early detection
literacy—empowering young children to comprehend
the initial pathophysiological manifestations of caries
through a synthesized multimodal educational
framework, moving beyond standard brushing

instructions.

2. Methods
Ethical considerations and consent to participate
Prior to the initiation of any investigative
procedures or interactions with the student
population, this research protocol underwent a
comprehensive ethical review and obtained formal,
documented approval from the Institutional Review
Board, Faculty of Dentistry, Universitas Andalas,
overseeing human subjects research. The study was
executed in strict, unwavering adherence to the ethical
principles outlined in the Declaration of Helsinki for
medical research involving human subjects, ensuring
the protection, dignity, and rights of all participants.
Given the vulnerable pediatric demographic of the
study population, obtaining legally sound informed

consent was a mandatory prerequisite. Detailed

informational letters and structured consent forms
were distributed to the parents or legally authorized
guardians of all prospective participants. These
documents transparently outlined the study's primary
objectives, the exact nature of the interactive
educational intervention, the data collection
processes, and the strictly confidential, anonymized
handling of all subsequent assessment data. Written
informed consent from the parents or guardians was
officially obtained for every single child included in the
final analytical sample. Furthermore, recognizing the
developing autonomy and psychological agency of the
children, developmentally appropriate verbal assent
was explicitly requested and obtained from each
participant aged seven to eight years immediately prior
to the commencement of the educational module. Both
the parents and the children were explicitly informed
of their absolute right to voluntarily withdraw from the
research at any given moment without facing any
penalty, discrimination, or negative impact on their

standard educational instruction and school standing.

Study design and setting

This research employed a quantitative analytical
framework, specifically utilizing a pre-experimental,
one-group pre-test and post-test design. The
investigation was prospectively conducted within the
academic environment of SD IT Cendikia Andalas, an
urban educational institution predominantly serving
families of middle-income socioeconomic status. This
specific setting was strategically selected to target a
critical developmental cohort during their regular
school hours, thereby assessing the short-term clinical
efficacy of a newly developed interactive health
promotion module in a naturalistic, real-world
educational environment. While randomized
controlled trials represent the apex of epidemiological
evidence, the deployment of a pre-experimental design
in this specific context was driven by logistical
feasibility, resource allocation, and the primary
objective of establishing baseline pedagogical efficacy
prior to larger-scale, multi-center implementation. It is

fundamentally critical to acknowledge the inherent



methodological restrictions and vulnerabilities of this
specific design architecture. The absolute lack of a
parallel, randomized control group limits the
statistical ability to definitively isolate the multimodal
educational intervention as the sole independent
variable responsible for any observed knowledge
acquisition. Consequently, the results may be subject
to external confounding variables. These variables
prominently include testing effects, where the initial
pre-test assessment inadvertently primes the
students' attention for the subsequent intervention,;
the Hawthorne effect, wherein subjects temporarily
alter their behavior, focus, or performance simply due
to the awareness of being observed by researchers; or
spontaneous biological and cognitive maturation

occurring outside the bounds of the study.

Participants and sampling

The target population for this public health
investigation consisted exclusively of grade two
students currently enrolled and attending classes
within the selected institution. A non-probability,
convenience sampling technique was systematically
applied to recruit participants for the intervention.
Respondents were selected based on their active
physical presence, daily attendance, and willingness
to participate during the formally scheduled
educational intervention session at the school facility.
Inclusion criteria strictly mandated that participants
must fall within the narrow chronological age bracket
of exactly seven to eight years. This specific age
parameter is anatomically defined as the transitional
dentition phase, a highly vulnerable period where
primary teeth actively exfoliate and permanent
dentition begins to emerge into the oral cavity,
necessitating optimal hygiene practices. Exclusion
criteria included absence on the day of the
intervention or the documented presence of severe
cognitive, auditory, or visual impairments that would
entirely preclude active engagement with the highly
visual and auditory instructional materials. Following
the strict application of these predefined sampling

parameters and the securement of all necessary

ethical approvals, the final analytical sample
comprised fifty-seven pediatric students. This cohort
size was deemed mathematically sufficient for a
preliminary short-term efficacy evaluation within a

single, localized educational cluster.

Interventional protocol

The educational intervention was intentionally
designed to be highly child-friendly, completely
abandoning traditional passive lecturing in favor of a
dynamic, multimodal pedagogical approach. This
strategy aimed to maximize cognitive engagement,
reduce dental anxiety, and promote sensory
integration among the young learners. The
instructional media array included a diverse variety of
tactile and visual aids. These aids featured large
anatomical dental models that allowed for physical
manipulation by the students, high-contrast two-
dimensional graphical posters visually illustrating the
microscopic oral environment, and animated digital
videos explicitly tailored to translate complex
biological processes into observable, easily digestible
visual narratives.

The comprehensive educational curriculum was
systematically structured to sequentially cover four
essential knowledge domains. First, the module
addressed Anatomical Function, imparting
foundational knowledge regarding the basic
physiological roles, structural differences, and
functional importance of both the primary and
permanent dentition in daily life. Second, the
curriculum delved deeply into Etiology and
Pathophysiology, explaining the precise biological
causes of dental caries. This section specifically
highlighted the dynamic, destructive interaction
between dietary fermentable sugars, naturally
occurring oral bacteria, and the critical element of time
in producing enamel-degrading organic acids. Third,
the intervention strongly focused on Early Detection,
empowering the children to visually identify the initial
macroscopic signs of enamel demineralization,
specifically opaque white spot lesions, as well as the

later stages of overt structural cavitation. Finally, the



educational session concluded with a Preventive
Demonstration. This segment featured a direct, highly
interactive practical exercise demonstrating proper,
effective toothbrushing techniques, utilizing the
oversized dental models to reinforce psychomotor skill

acquisition and proper angulation of the bristles.

Data collection instrument

The rigorous quantification of knowledge
acquisition was achieved through the systematic
deployment of a specifically developed five-item
multiple-choice questionnaire. Recognizing the critical
need for cognitive age-appropriateness, immense care
was taken during the instrument's formulation. Prior
to any field deployment, robust content and face
validity were established through an independent,
rigorous review process conducted by a specialized
expert panel. This panel comprised two board-certified
pediatric dentists and one highly experienced primary
school educator. This collaborative panel ensured that
the linguistic complexity, terminology, visual layout,
and conceptual depth of the questions were perfectly
tailored to the concrete operational cognitive capacity
typical of seven-to-eight-year-old children. Prior to the
administration of the interactive educational
intervention, an initial pre-test utilizing this validated
instrument was administered to all fifty-seven
participants under controlled classroom conditions to
establish a definitive baseline measurement of their
pre-existing oral health literacy.

The questionnaire’s five carefully formulated items
assessed the following distinct, highly relevant
physiological constructs: First, the accurate
identification of the specific bacterial role in the
formation of cariogenic dental plaque. Second, the
recognition of dietary fermentable sugars acting as the
primary metabolic substrate required for sustained
bacterial acid production. Third, the visual
identification and conceptual understanding of white
spot lesions serve as the absolute earliest macroscopic
warning sign of dental decay prior to irreversible
cavitation. Fourth, a foundational understanding of

the wunderlying Dbiological concept of enamel

demineralization and targeted mineral loss. Fifth, the
fundamental knowledge of fluoride's active, protective
role in promoting the remineralization of compromised
dental hard tissues.

To empirically evaluate the psychometric reliability
and internal consistency of this assessment tool, the
instrument underwent prior pilot testing on a
separate, demographically analogous sample of twenty
grade-two students from a neighboring district. This
pilot phase yielded a strong Cronbach's alpha
coefficient of 0.84, confirming high interrelatedness
and reliability among the five items. Immediately
following the formal conclusion of the multimodal
interactive session, a post-test utilizing the exact
identical psychometric instrument was administered
under the same controlled conditions. It is imperative
to note that this immediate sequential administration
primarily measures transient working memory and
short-term cognitive recall, rather than establishing
definitive evidence of durable, long-term behavioral

change or permanent knowledge retention.

Statistical analysis

The quantitative data systematically collected from
both the pre-test and post-test assessment phases
were subsequently subjected to rigorous
computational statistical evaluation to empirically
determine the intervention's efficacy. The underlying
distribution geometry of the paired dataset was
initially evaluated utilizing the Kolmogorov-Smirnov
test for normality. The results of this specific
mathematical test indicated a clear, statistically
significant  violation of standard normality
assumptions across the data spread. Due to this
definitive lack of normal distribution, the application
of non-parametric inferential statistics was
unequivocally required for all subsequent hypothesis
testing and data interpretation.

Furthermore, given the strict, bounded five-point
ordinal scale of the multiple-choice assessment
instrument, reporting parameters were carefully
selected to maintain absolute mathematical integrity.

Consequently, central tendency and statistical



dispersion are reported exclusively utilizing Medians

and  Interquartile Ranges. This  deliberate
methodological choice actively prevents the severe
statistical distortion often associated with calculating
arithmetic means and standard deviations in highly
bounded, non-continuous ordinal data sets. The
Wilcoxon Signed Rank Test, a robust non-parametric
alternative to the paired Student's t-test, was utilized
to determine the precise statistical significance of the
individual score differentials between the established
pre-test baselines and the final post-test outcomes. To
move beyond mere probability testing and accurately
quantify the actual magnitude of the educational
intervention's impact, the standardized effect size was
calculated mathematically from the Wilcoxon test
output parameters. All automated statistical analyses
and hypothesis testing procedures were conducted
utilizing standard statistical software, with a
predetermined, universally accepted alpha
significance level set strictly at a probability value of

less than 0.05.

3. Results and Discussion
Table 1 delineates the fundamental demographic

characteristics of the pediatric cohort participating in

the multimodal educational intervention, comprising a
total analytical sample of 57 primary school students.
The developmental age distribution within this
critically targeted transitional dentition phase
indicates a distinct predominance of seven-year-old
subjects, who constitute 59.6% (n=34) of the study
population. Conversely, eight-year-old respondents
account for the remaining 40.4% (n=23). Stratification
by gender reveals a slightly larger proportion of female
participants, representing 57.9% (n=33) of the cohort,
compared to male participants at 42.1% (n=24). This
specific demographic composition accurately reflects
the standard enrollment profile of the selected urban
educational institution. Documenting these baseline
population characteristics remains essential for
properly contextualizing the subsequent short-term
knowledge acquisition outcomes, as variables
including exact chronological age within the
developmental window and  gender-associated
psychosocial maturation may subtly influence both
baseline health literacy and overall receptivity to
interactive pedagogical strategies in community

dentistry settings.

Table 1. Demographic Characteristics of Respondents

Interactive Pedagogy for Early Caries Detection

FREQUENCY (N)

VARIABLE CATEGORY
7 Years Old 34
Age
8 Years Old 23
Total 57
Female 33
Gender
Male 24
Total 57

PERCENTAGE (%)

59.6

40.4

100.0

57.9

421

100.0



The assumption of normality was rigorously tested
for both the pre-intervention and post-intervention
datasets (Figure 1). The Kolmogorov-Smirnov test
yielded a p-value of 0.000 (p < 0.05) for both the pre-

Normality Testing Analysis

Assessment of Data Distribution for Knowledge Acquisition Scores

test and post-test scores, indicating that the data
originated from a non-normally distributed
population. Consequently, non-parametric analysis

was definitively justified for hypothesis testing.

B Actual Data (Negatively Skewed) _
pA
++ Ideal Normal Distributior) # N
’

Frequency

Knowledge Score (Ceiling Effect)

STATISTICAL TEST APPLIED
Kolmogorov-Smirnov

PRE-TEST & POST-TEST RESULTS
p-value = 0.000

(Significant at p < 0.05)

METHODOLOGICAL DECISION

Non-Parametric Analysis
Wilcoxon Signed Rank Test Justified

Figure 1. Visual representation of the data distribution assumption testing. The Kolmogorov-Smirnov test yielded p-values of 0.000 for
both pre-intervention and post-intervention datasets, definitively indicating a non-normal distribution. The visualization illustrates the
left-skewed nature of the data resulting from high baseline scores. Consequently, non-parametric inferential statistics were applied for

all hypothesis testing.

The primary outcome measure demonstrated a
robust and positive shift in the participants' short-
term knowledge base. Prior to the intervention, the
Median pre-test score out of a possible 5 points was
4.0 (IQR: 3.0-4.0). Following the administration of the

interactive multimedia education, the post-test

Median score increased to 5.0 (IQR: 4.0-5.0). The
Wilcoxon Signed Rank Test confirmed that this
enhancement in post-test values following the
intervention was statistically significant (p < 0.001).

These findings are detailed in Table 2.

Table 2. Pre-test and Post-test Knowledge Score Analysis

Non-Parametric Evaluation of Short-Term Educational Efficacy (N = 57)

ASSESSMENT MEDIAN SCORE
PHASE (OUT OF 5)
Pre-Test (Baseline) 4.0

Post-Test (Post-

Intervention) 80

* Statistically Significant: p < 0.05.

INTERQUARTILE

WILCOXON SIGNED RANK

RANGE (IQR) (P-VALUE)
3.0-4.0
<0.001*
40-5.0

Note: Due to the violation of normality assumptions across the ordinal scale data, non-parametric inferential statistics (Wilcoxon
Signed Rank Test) were applied. Central tendency and dispersion are represented strictly utilizing Medians and Interquartile

Ranges to prevent standard distribution distortion.



To provide a granular understanding of the
educational impact, an item-level analysis reveals that
the most significant knowledge gains occurred in the
domains of pathophysiological identification (Figure
2). Prior to the intervention, 20 out of 57 students
(35.1%) could correctly identify white spots as an early

warning sign of tooth decay. Post-intervention, this

Itemized Knowledge Acquisition

specific metric surged to 50 out of 57 students
(87.7%). Similarly, comprehension of the exact role of
oral microbiota in fermenting sugars into enamel-
destroying acids improved from 24 out of 57 students
(42.1%) providing a correct response at baseline to 52

out of 57 students (91.2%) post-intervention.

Pre- and Post-Intervention Comparison of Specific Pathophysiological Concepts (N = 57)

I PRE-TEST (BASELINEJl] POST-TEST (INTERVENTION)

100%
87.7%

75%

50

X

35.1%

25%

CORRECT RESPONSES (%)

0%

IDENTIFICATION OF
WHITE SPOT LESIONS

91.2%

42.1%

ROLE OF ORAL
MICROBIOTA

Figure 2. ltemized analysis of correct responses regarding critical pathophysiological domains. The interactive intervention yielded
substantial knowledge gains. Recognition of "white spot lesions" as an early indicator of decay surged from 35.1% (n=20) to 87.7%
(n=50). Concurrently, comprehension concerning the role of oral microbiota in fermenting dietary substrates into enamel-destroying
acids improved from a baseline of 42.1% (n=24) to 91.2% (n=52) post-intervention.

An analysis stratified by gender exposed variations
in baseline knowledge and educational receptivity
(Table 3). The female subgroup (n=33) demonstrated a
pre-test Median of 4.0 and improved to a post-test
Median of 5.0. The male subgroup (n=24) presented a

pre-test Median of 4.0 and improved to a post-test

Median of 5.0. Independent Wilcoxon Signed Rank
Tests conducted on each demographic subset revealed
that both the female group (p < 0.001) and the male
group (p < 0.001) experienced statistically significant

internal improvements.



Table 3. Gender-Based Sub-Analysis

Pre-test and Post-test Knowledge Score Improvements Stratified by Gender

GENDER SAMPLE PRE-TEST
SUBGROUP SIZE (N) MEDIAN
Female 33 4.0
Male 24 4.0

* Statistically Significant: p < 0.05.

POST-TEST WILCOXON SIGNED RANK
MEDIAN (P-VALUE)
5.0 < 0.001 *
5.0 < 0.001 *

Note: Both demographic subsets demonstrated highly significant internal improvements in short-term knowledge acquisition
following the interactive pedagogical module. Maximum possible score is 5.0.

The primary objective of the present investigation
was to systematically elucidate the short-term impact
of an interactive multimedia educational framework on
the capacity for early caries detection among a
pediatric student cohort. The analytical findings
unequivocally demonstrate a highly significant
statistical elevation in post-intervention knowledge
scores. This quantitative success is fundamentally
rooted in the precise mechanism by which the targeted
educational intervention translated highly complex,
abstract pathophysiological concepts into readily
digestible, age-appropriate cognitive schemas that
resonate profoundly with young learners.!!

Dental caries must be understood not as a static,
isolated event, but fundamentally as a dynamic,
continuous biological process. It is characterized by
episodic, micro-environmental shifts balancing the
demineralization and remineralization phases within
the microscopic architecture of dental hard tissues.
The established ecological plaque hypothesis dictates
that a frequent, repeated intake of dietary fermentable
carbohydrates fundamentally disrupts optimal oral
homeostasis. Acidogenic and aciduric
microorganisms, primarily Streptococcus mutans and
various Lactobacillus species, aggressively metabolize
these introduced carbohydrates through anaerobic

glycolysis. This relentless metabolic process inevitably

produces organic acids, predominantly lactic acid, as
a harmful, localized byproduct.l2 When the
environmental pH within the highly localized fluid of
the dental plaque drops below the critical threshold of
5.5, the structural dissolution of hydroxyapatite
crystals within the protective enamel matrix
immediately begins. If this highly localized
demineralization is not intercepted by the natural
buffering capacity of saliva or the introduction of
remineralizing agents, the structural integrity of the
tooth is compromised.

The interactive educational tools utilized
throughout this study were absolutely instrumental in
visually representing this otherwise invisible,
microscopic microbiological warfare. Traditional
didactic models often fail because they rely on passive
instruction, simply commanding pediatric patients to
perform rote brushing mechanics without providing
any logical biological context.13 Conversely, the
multimodal intervention deployed in this study
effectively communicated exactly why the preventive
action is biologically necessary. It achieved this by
clearly and engagingly illustrating the destructive
bacterial-sugar interaction in a highly visual, narrative
format. By actively learning to visually identify the
early macroscopic signs of demineralization—

specifically the opaque, chalky presentations known

10



clinically as white spot lesions that represent
subsurface enamel porosity—children are structurally
empowered to understand the disease trajectory prior
to the onset of overt, irreversible cavitation. Because
early clinical detection is absolutely paramount to
halting caries progression and preventing severe,
cascading systemic nutritional consequences,
imparting this specific visual cueing knowledge at the
critical ages of seven to eight years acts as a
profoundly vital public health catalyst. It transforms
the child from a passive recipient of healthcare into an
active, informed participant in their own disease
prevention.

A highly nuanced sub-analysis of the collected
demographic data revealed distinct variations in
knowledge acquisition profiles, with female students
registering slightly higher average assessment scores
in both the pre-test baseline and post-test phases.
This specific observational data closely aligns with
established psychosocial literature and prevailing
behavioral theories within the broader domain of
pediatric dentistry and childhood development. The
statistical disparity observed between the
demographic subsets can be attributed to
multifaceted, deeply intertwined variables inherent to
this specific age group.14 These variables prominently
include differing levels of baseline classroom attention,
widely varying degrees of intrinsic learning motivation,
and distinctly varied cognitive processing responses to
dynamic, interactive stimuli.

Furthermore, extensive sociological literature
suggests that pediatric females often exhibit a
heightened, more culturally developed attentiveness
toward personal hygiene practices and aesthetic
maintenance routines compared to their male
counterparts at this exact transitional developmental
stage. This pre-existing behavioral inclination likely
fosters a significantly more receptive cognitive
environment for health-related instruction, allowing
for deeper engagement with the presented material.15
Additionally, it is vital to carefully consider the
complex role of underlying emotional states in

educational settings. Higher baseline dental anxiety,

which is frequently and consistently reported in
statistically higher proportions among female pediatric
demographics, may paradoxically serve to hyper-
sensitize these specific individuals to oral health
information. @ Rather than causing complete
psychological avoidance, this specific underlying
anxiety can strongly drive a more profound, intensely
focused engagement with preventive education. The
students actively seek and internalize actionable
knowledge as a psychological defense mechanism to
definitively avoid future dental trauma, highly invasive
restorative procedures, and associated clinical pain.

A fundamental cornerstone of modern, effective
community dentistry is the absolute requirement for
the long-term sustainability of implemented health
promotion efforts.'6 While this specific multimodal
intervention successfully demonstrated substantial,
acute knowledge acquisition in a controlled clinical
and educational setting, it is a well-established
behavioral fact that a single, isolated interactive
session is rarely sufficient to induce permanent, long-
term behavioral change in pediatric populations.
Knowledge acquisition, while an absolute prerequisite
for clinical action, does not automatically translate
into sustained, habitual practice without continuous
structural reinforcement.

To achieve true public health sustainability and
maximize the long-term return on educational and
financial investment, this multimedia module must be
formally and permanently integrated into the broader,
longitudinal health curriculum of the regional school
system. Relying on episodic interventions delivered by
visiting dental professionals is logistically insufficient
to combat a disease with an eighty percent prevalence
rate. Continuous, systematic reinforcement,
intricately coupled with repeated visual cueing
embedded seamlessly throughout the entirety of the
academic year by primary educators, is definitively
required. This persistent, integrated pedagogical
approach is the only proven methodological pathway
to successfully transition this newly acquired, fragile
health literacy into deeply entrenched, daily

autonomous self-care routines that the children will
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seamlessly carry forward into adolescence and
adulthood.1?

The highly promising findings of this pedagogical
investigation must necessarily be interpreted carefully
within the strict, objective context of several explicitly
acknowledged methodological limitations. Foremost,
the structural utilization of a pre-experimental
research design fundamentally restricts the analytical
capacity of the researchers to definitively eliminate the
profound influence of confounding external variables.
The absolute reliance on convenience sampling
techniques further limits the broad, unreserved
generalizability of the recorded findings across widely
varying  socio-economic  strata, geographically
disparate locations, and diverse cultural backgrounds
present within the broader national population.18
Without a randomized control group, the observed
knowledge acquisition cannot be definitively isolated
from the potential impacts of the Hawthorne effect,
whereby students temporarily elevate their attention
and performance simply due to the awareness of being
actively observed by clinical researchers.

Furthermore, the specifically developed
assessment tool, while rigorously validated for
cognitive appropriateness and pediatric
comprehension, is inherently brief. Administering the
post-test immediately following the conclusion of the
interactive session primarily serves to measure
transient working memory capacity rather than
establishing definitive, empirical proof of durable,
long-term knowledge retention.1® Consequently,
future scientific investigations within this critical
domain of public health dentistry should aggressively
prioritize the execution of fully powered Randomized
Controlled Trials featuring significantly extended,
multi-year follow-up periods. These robust clinical
trials are absolutely necessary to empirically evaluate
whether the acute knowledge gains consistently
observed in such short-term interventions actually
translate into sustained, measurable reductions in
actual clinical caries incidence over time. This long-

term efficacy must be standardized and quantified

utilizing the wuniversally accepted dmft/DMFT

epidemiological indices. Additionally, integrating
distinct, quantifiable parental involvement metrics
into the core structure of all future educational
modules is highly recommended. This strategic
structural inclusion is absolutely critical to
successfully bridge the persistent, problematic
pedagogical gap between school-based theoretical
learning and home-based practical hygiene adherence,
ensuring that the child's entire environmental

ecosystem supports optimal oral health.20

4. Conclusion

The strategic implementation of an interactive
multimedia educational intervention—specifically
utilizing engaging animated videos, tactile anatomical
models, and direct, hands-on toothbrushing
demonstrations—is strongly and positively associated
with a highly significant short-term increase in
fundamental knowledge concerning the early detection
of dental caries among schoolchildren aged seven to
eight years. The purposefully deployed multimodal
pedagogical approach proved highly effective in
successfully translating highly complex, abstract
pathophysiology into immediately recognizable,
concrete visual cues equally across all measured
gender lines. By empowering young students to
visually identify the earliest macroscopic signs of
enamel demineralization, the intervention successfully
shifts the focus from reactive treatment to proactive
disease management.

To truly maximize the long-term public health
impact and fundamentally alter regional disease
trajectories, future iterations of this educational
program must strictly necessitate the active,
structured inclusion of parental figures to reinforce
these concepts within the home environment.
Furthermore, the systematic development and
widespread implementation of comprehensive,
longitudinal educational modules within standard
primary school curricula are fundamentally required.
Only through persistent, multimodal education and
sustained community engagement can public health

professionals guarantee the durable translation of
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acute health literacy into permanently sustained oral
hygiene behaviors, ultimately reducing the profound

global burden of pediatric dental caries.
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