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ABSTRACT

Background and Aim: Rabies remains a major zoonotic public health problem despite being entirely preventable, with school-
aged children representing one of the most vulnerable populations because of frequent contact with dogs and limited
awareness of appropriate protective practices. Conventional school-based education often improves knowledge but has
limited influence on sustained behavioral change. This study evaluated the effectiveness of a storyline-based educational
program integrating health literacy (HL) and Protection Motivation Theory (PMT) in improving rabies health literacy (RHL)
and rabies protective behavior (RPB) among upper primary school students in Kanchanaburi Province, Thailand.

Materials and Methods: A quasi-experimental pre-test post-test study with a comparison group was conducted among 69
upper primary school students from two matched public primary schools. The experimental group (n = 38) participated in a
Rabies-Storyline Program consisting of four weekly 45-minute sessions integrating storyline pedagogy, HL principles, PMT,
and parental reinforcement through a group on the LINE messaging application (LINE Corporation, Tokyo, Japan), whereas
the comparison group (n = 31) received routine school health education. RHL, comprising access, understanding, appraisal,
and application domains, and RPB were assessed using validated questionnaires. Between-group differences were analyzed
using multivariate analysis of covariance and analysis of covariance, whereas behavioral maintenance was examined using
repeated-measures analysis of variance.

Results: The intervention significantly improved overall RHL compared with the comparison group (Pillai's trace = 0.37, F(4,
62) =9.09, p < 0.001, np? = 0.37). Significant improvements were observed across all four literacy domains, with the largest
effect in the application domain (3.62 + 0.30 vs. 3.03 £ 0.49; F(1, 65) = 33.68, p < 0.001, np? = 0.34). RPB was also significantly
higher in the experimental group than in the comparison group (3.51 + 0.41 vs. 3.17 + 0.35; F(1, 66) = 15.61, p < 0.001, np? =
0.19). Within the experimental group, protective behavior increased significantly from baseline (3.03 + 0.44) to post-
intervention (3.51 + 0.41; p < 0.001) and remained significantly higher after 4 weeks (3.38 + 0.52; p = 0.008), indicating short-
term maintenance of behavioral improvement.

Conclusion: The storyline-based program effectively enhanced rabies health literacy and protective behaviors among primary
school students while maintaining short-term behavioral gains. Integrating health literacy, Protection Motivation Theory,
narrative pedagogy, and parental engagement provides an innovative, scalable, and child-centered educational strategy that
complements One Health rabies control initiatives and supports progress toward the global "Zero by 30" objective.

Keywords: behavior change, health literacy, One Health, primary school students, Protection Motivation Theory, rabies,
storyline approach, zoonotic disease prevention.

INTRODUCTION

Rabies is a preventable yet almost invariably fatal zoonotic disease that disproportionately affects children.
The World Health Organization (WHO) estimates that children younger than 15 years account for approximately
40% of human rabies exposures resulting from suspected rabid animals, and evidence from Thailand similarly
indicates that animal attacks and potential rabies exposures occur predominantly in this age group, irrespective
of injury type or severity [1, 2]. As a dog-mediated zoonosis, rabies represents a major One Health challenge
because human infection is intrinsically linked to animal reservoirs and the shared environment. The WHO Expert
Consultation on Rabies identifies rabies control as a model for intersectoral collaboration integrating human
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health, animal health, and surveillance systems [3]. These challenges are particularly evident in Kanchanaburi
Province, where the national Rabies One Data platform records approximately 95,977 owned and 8,324 ownerless
dogs, indicating a substantial free-roaming dog population and frequent opportunities for human—dog
interactions [4]. Although local authorities provide community-based vaccination and post-exposure services [5],
adherence to post-exposure prophylaxis remains suboptimal. Surveillance data from Eastern Thailand reported
completion rates of only 15.8% for the intramuscular regimen and 46.5% for the intradermal regimen, with
children among the most frequently exposed populations [6]. In accordance with the global "Zero by 30" strategy
led by WHO, the Food and Agriculture Organization of the United Nations (FAO), and the World Organization for
Animal Health (WOAH) to eliminate human deaths from dog-mediated rabies by 2030 [7], preventive
interventions should prioritize populations at greatest risk. Upper primary school children represent a particularly
important target because increasing independence, greater outdoor activity, and frequent, often unsupervised,
interactions with dogs and cats substantially increase their exposure risk [8].

Rabies prevention among children is influenced not only by individual knowledge but also by family,
psychosocial, behavioral, and environmental factors. Evidence synthesis indicates that determinants within a
child's immediate environment strongly influence preventive behaviors, whereas studies investigating child—dog
interactions have demonstrated that most high-risk encounters occur in familiar settings, including homes,
neighborhoods, and nearby public spaces, where owned, familiar, and free-roaming animals frequently interact
with children [9, 10]. Such risks are further amplified when interactions occur without adult supervision. Parents
therefore play a central role in rabies prevention by supervising children's interactions with animals, facilitating
timely healthcare seeking after bites or scratches, and reinforcing health-related information and behaviors [11,
12]. Their contribution also extends to broader One Health activities, including responsible pet ownership and
reporting suspected rabid animals, which WHO recognizes as essential components complementing mass dog
vaccination programs [1]. Consequently, engaging parents through accessible communication platforms, such as
classroom LINE groups, may strengthen household practices while supporting community animal management
and surveillance. Collectively, these findings suggest that effective rabies prevention programs should be child-
centered, environmentally relevant, and supported by active parental participation rather than relying solely on
information dissemination [9, 13].

School-based educational interventions have demonstrated measurable improvements in rabies knowledge
and dog-bite awareness; however, evidence supporting sustained behavioral change remains limited. Recent
systematic reviews and meta-analyses have shown that although educational interventions improve children's
knowledge and immediate preventive behaviors, long-term maintenance of these behavioral changes is
inconsistent [14-18]. Similarly, studies conducted in rabies-endemic settings indicate that adequate knowledge
and favorable risk perception do not necessarily translate into appropriate preventive practices [13, 16]. These
observations highlight the need for educational interventions grounded in established behavioral theories that
can promote durable behavioral change. Health literacy, defined by Sgrensen et al. [19] as the knowledge,
motivation, and competencies required to access, understand, appraise, and apply health information, provides
a comprehensive framework for informed health decision-making. Likewise, Protection Motivation Theory (PMT)
explains self-protective behavior through cognitive appraisal of perceived threats and coping mechanisms [20],
and previous studies have demonstrated that PMT effectively predicts rabies protective behavior (RPB) among
Thai schoolchildren [21]. In the present study, RPB refers to behaviors that minimize rabies exposure and promote
appropriate responses following potential exposure, including safe interactions with animals, avoidance of high-
risk contact, immediate wound washing, and prompt healthcare seeking for post-exposure prophylaxis.

Contemporary child-centered health education emphasizes active, learner-centered, and experiential
learning approaches that facilitate meaningful engagement and improve the transfer of knowledge into sustained
health behaviors [22—-24]. Narrative pedagogy has emerged as a particularly effective educational strategy, with
storytelling and storyline approaches shown to enhance health-related knowledge, learner engagement, critical
thinking, and behavioral competence among school-aged children [25-27]. The storyline approach employs
structured narratives, sequential key questions, and progressively unfolding scenarios through which learners
actively construct knowledge within realistic contexts [28, 29]. This pedagogical framework is especially
appropriate for rabies prevention because it enables children to rehearse authentic situations involving animal
encounters at home and within their communities, thereby strengthening decision-making, self-protection, and
practical problem-solving skills beyond simple knowledge acquisition. Integrating health literacy and PMT within
storyline pedagogy therefore represents an innovative educational framework that simultaneously addresses
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cognitive, motivational, and behavioral dimensions of rabies prevention while supporting community
participation within the One Health "Zero by 30" initiative [7].

Although health literacy, PMT, and various educational approaches, including didactic instruction, video-
based education, and gamification, have individually demonstrated benefits for rabies prevention among
schoolchildren [14, 17, 21, 30], important knowledge gaps remain. Previous interventions have primarily
emphasized knowledge acquisition rather than sustained behavioral change and have rarely integrated behavioral
theory, health literacy competencies, narrative pedagogy, and parental engagement within a single intervention
framework. Furthermore, no previous study has evaluated the effectiveness of a storyline-based educational
program that combines health literacy and PMT to improve both rabies health literacy (RHL) and RPB among Thai
primary school students. Addressing these gaps is essential for developing sustainable, child-centered educational
strategies that translate knowledge into long-term protective behaviors while contributing to One Health rabies
control initiatives.

Therefore, this study developed a theory-driven Rabies-Storyline program integrating health literacy, PMT,
narrative pedagogy, and parental engagement, and evaluated its effectiveness in improving RHL and RPB among
upper primary school students in Kanchanaburi Province, Thailand. It was hypothesized that, compared with the
comparison group, students receiving the intervention would demonstrate significantly higher post-intervention
RHL (H1), significantly higher post-intervention RPB (H2), and significantly greater maintenance of RPB across the
pre-intervention, post-intervention, and 4-week follow-up assessments (H3).

MATERIALS AND METHODS
Ethical approval

Ethical approval for this study was obtained from the Human Research Ethics Committee, Srinakharinwirot
University, Thailand (Approval No. SWUEC-672315; approved on August 9, 2024). The study was conducted in
accordance with the ethical principles for research involving human participants and complied with all applicable
institutional and national ethical and regulatory requirements. Particular attention was given to protecting the
rights, privacy, dignity, and welfare of child participants throughout the study. Administrative approval and
written permission to conduct the research were obtained from the Kanchanaburi Primary Educational Service
Area Office 1 (Kanchanaburi PESAO 1) and the principals of all participating schools before study initiation. Written
informed consent was obtained from the parents or legal guardians of all participating students prior to baseline
data collection, and age-appropriate written assent was obtained from each student prior to participation.
Participant confidentiality was maintained by anonymizing all study data, which were stored in password-
protected electronic files accessible only to authorized research personnel. The study was designed, conducted,
and reported in accordance with the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines [31].

Study period and location

The study was conducted from February to April 2025 in public primary schools under the jurisdiction of the
Kanchanaburi PESAO 1 in Mueang Kanchanaburi District, Kanchanaburi Province, Thailand.

Study design

This quasi-experimental study employed a two-group pre-test post-test design with a 4-week follow-up to
evaluate the effectiveness of the intervention in improving RHL and RPB among upper primary school students. A
non-randomized, school-level allocation was adopted for both pragmatic and ethical reasons because random
allocation of individual students within the same school would have disrupted routine classroom teaching and
increased the risk of contamination between intervention conditions. Therefore, allocation was performed at the
school level, and the two participating schools were located in different, non-contiguous subdistricts to further
minimize cross-contamination. The intervention was implemented during the study period, and outcome
assessments were conducted at three time points: before the intervention (pre-intervention), immediately after
the intervention (post-intervention), and 4 weeks after program completion (follow-up). Students in the
comparison group received the routine school health curriculum, which did not include rabies-specific educational
content during the study period. This design enabled comparison of changes in rabies-related outcomes over time
between students receiving the Rabies-Storyline Program and those receiving the usual school health education.

Study setting and participants

Rabies is a quintessential One Health disease because transmission occurs at the human—animal interface
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and is strongly influenced by environmental factors, including free-roaming dog populations, responsible animal
ownership, and community animal management practices. Within this One Health framework, the present study
focused on strengthening the human behavioral component through a school-based educational intervention.

The study was conducted in public primary schools administered by the Kanchanaburi PESAO 1 in Mueang
Kanchanaburi District, Kanchanaburi Province, Thailand. Participants were upper primary school students (Grades
4-6). Free-roaming and community-owned dogs are commonly found on and around school premises and in
neighboring communities, creating frequent opportunities for child—dog interactions. The study setting was
considered particularly relevant because municipal veterinary services have continuously implemented rabies
vaccination programs for dogs and cats throughout Kanchanaburi communities [5].

Rabies continues to pose a regional public health threat. In 2023, one laboratory-confirmed animal rabies
case was reported in Kanchanaburi Province, whereas in 2024 the neighboring Tak Province reported two human
rabies deaths, including one domestically acquired case and one imported case, according to the national Annual
Epidemiological Surveillance Reports [32, 33]. In addition, the province has a substantial dog and cat population,
comprising 95,977 owned animals and 8,324 ownerless animals, with 97,376 animals recorded within the study
area (Thai Rabies One Data) [4]. These factors increase the likelihood of human exposure, particularly among
children.

According to provincial demographic data, Kanchanaburi Province had 156,864 residents aged 0—17 years as
of January 2025, and the gross primary school enrollment rate was approximately 95.56%, providing a large and
appropriate population for school-based interventions [34, 35]. Upper primary school students were selected
because they are developmentally capable of engaging in storyline-based learning activities and health literacy
tasks, and because they represent a population at increased risk of zoonoses. Children in this age group frequently
interact with dogs and cats, often without adult supervision, and those aged 5-14 years account for a substantial
proportion of dog-bite victims and children younger than 15 years account for approximately 40% of people bitten
by suspected rabid animals [1]. Furthermore, previous studies have identified rabies exposure as an important
public health concern among Thai children, with approximately one-half or more of animal bites associated with
potential rabies exposure occurring in this age group [2, 36]. Consequently, Kanchanaburi Province and upper
primary school students provided an epidemiologically relevant, contextually appropriate, and operationally
feasible setting for evaluating whether a theory-based educational intervention designed to improve motivation
and health literacy could enhance RPB.

Sample size determination

The required sample size was calculated using G*Power version 3.1.9.7 (Heinrich Heine University
Disseldorf, Dusseldorf, Germany). The effect size was estimated from the means and standard deviations
reported by Shen et al. [30]. The calculation was based on the t-test family for differences between two
independent means (two groups), assuming a Cohen's d of 0.701, a significance level (a) of 0.05, statistical power
(1 - B) of 0.80, and an allocation ratio of 1:1. The minimum required sample size was 26 participants per group.
After allowing for an anticipated attrition rate of approximately 10%, a minimum of 30 students was recruited for
each group. Ultimately, 69 students completed the study (experimental group, n = 38; comparison group, n = 31),
yielding an achieved statistical power of 0.890.

Sampling procedure

A multistage sampling technique was employed to recruit participants. First, Mueang Kanchanaburi District
was selected from the administrative area served by the Kanchanaburi PESAO 1. Second, two subdistricts within
the district were randomly selected. Third, one public primary school with similar contextual characteristics and
school size was selected from each subdistrict, with one school assigned to the experimental group and the other
to the comparison group. The schools were located in different, non-contiguous subdistricts to minimize
contamination between study groups.

Within each school, participants were selected using proportionate stratified random sampling, with Grades
4,5, and 6 serving as the sampling strata. One classroom from each grade level was randomly selected, and eligible
students were proportionately recruited according to the required sample size. Only students with a history of
contact or play with dogs or cats were included. Both the experimental and comparison groups consisted of more
than 30 participants.

Because this was a quasi-experimental study, complete randomization was not feasible. To reduce selection
bias and potential confounding, the participating schools were matched according to predefined criteria, including
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school type (public school), geographic location (within the same province), and comparable school size.
Subdistricts and schools were randomly selected using a computer-generated random-number sequence.
Baseline comparability between groups was subsequently evaluated using chi-square tests for key exposure-
related variables. This combination of matching during study design and statistical assessment at baseline
strengthened the comparability of the intervention and comparison groups, although residual confounding from
unmeasured school-level characteristics cannot be completely excluded.

To preserve institutional confidentiality, the participating schools were anonymized as School A and School
B. School A was located in a peri-urban area with mixed residential and open-space environments, whereas School
B was situated in an urban municipality with denser residential and commercial development. Individual
socioeconomic status (SES) was not directly measured. Instead, SES was inferred from the characteristics of each
school's catchment area, including predominant occupations, residential patterns, and local economic activities.
Both schools primarily served students from low- to middle-income households, although School B was in a more
urban community. The absence of individual-level SES data is acknowledged as a limitation of the study.
Eligibility criteria

Students were eligible for inclusion if they: (1) attended a school or resided in a community where dogs or
cats were present or frequently encountered; (2) had experienced at least one episode of contact or play with a
dog or cat; (3) were willing and able to participate in all study activities; (4) provided written parental or guardian
consent together with student assent; and (5) obtained approval from their school to participate.

Participants were excluded if they attended <80% of the intervention sessions or failed to complete the
assigned learning activities, thereby preventing adequate evaluation of outcomes. Participants were withdrawn
from the study if they failed to comply with the study protocol, experienced stress, discomfort, or illness that
prevented continued participation, or a parent or legal guardian requested withdrawal.

Research instruments

The Rabies-Storyline Program (Supplementary File S1) was developed based on key factors associated with
child safety following potential rabies exposure [9]. Learning activities were organized using the storyline
approach [28, 29], with each episode structured around key questions aligned with predefined learning objectives
and the evolving Rabies-Storyline context. The program was theoretically informed by the health literacy
framework proposed by Sgrensen et al. [19] and PMT [20].

Previous evidence indicates that students obtain rabies-related information from multiple sources, including
teachers and family members [16, 37]. Because parental involvement supports children’s learning and the
maintenance of health-related behaviors, parents were incorporated as active partners in the intervention [9].
Parental participation was facilitated through a dedicated group on the LINE messaging application (LINE
Corporation, Tokyo, Japan), which enabled communication between parents and the research team throughout
the intervention.

The educational content was developed from national rabies guidelines and supplemented with relevant
scientific literature and evidence [38]. In accordance with the health promotion recommendations of the
Department of Disease Control, the program emphasized two principal categories of RPB. The first comprised the
“5 Don’ts”: do not provoke an animal; do not step on or startle an animal; do not attempt to separate fighting
animals with bare hands; do not remove an animal's food bowl! while it is eating; and do not approach unfamiliar
or ownerless animals. The second comprised the “post-exposure self-care sequence”: wash the wound, apply an
antiseptic, confine and observe the animal when safe to do so, and seek medical care [38].

RHL was operationalized according to the four domains described by Sgrensen et al. [19]: accessing,
understanding, appraising, and applying rabies-related health information. Expert review demonstrated
satisfactory content validity across all program activity components, with item—objective congruence (I0C) values
of 20.60.

Learning materials, resources, and intervention duration

The intervention incorporated educational and evaluation materials designed to improve rabies knowledge,
support active learning, assess participant progress, and facilitate parental engagement. The learning resources
included a rabies booklet, educational videos, pamphlets, jigsaw-learning activities, participant worksheets,
assessment forms, and observation checklists for learning facilitators and mentor teachers. Each resource was
developed in line with the learning objectives of its corresponding session, ensuring alignment among the
educational content, key questions, and narrative sequence of each storyline episode.
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Parents of participating students were invited to join a dedicated group on the LINE application, through
which they could communicate with the researchers and receive continuing information and follow-up support
during the intervention. This communication channel was intended to strengthen parental engagement and
reinforce rabies prevention messages within the household environment.

The program was delivered once weekly for 4 consecutive weeks. Each session consisted of two 20-min
activity blocks separated by a 5-min break, for a total duration of approximately 45 min. Further details of the
intervention structure, learning activities, and materials are provided in Supplementary File S1 and Figure 1.

The Rabies-Storyline Program
A four-session, story-based program (=45 min/week x 4 weeks) integrating Protection Motivation Theory (PMT) and Health Literacy (HL)

PMT: Vulnerability & severity PMT: Severity & response efficacy PMT: Response efficacy PMT: Self-efficacy

Episode 1 Episode 2 Episode 3 Episode 4
The Setting Characters & Health Literacy The Incident Resolution & Review
Home & surroundings The animals around us Rabies in daily life Self-protection
“Which animals near me could “What causes rabies, how does it “How do I stay safe from rabies?” “How do | avoid bites, and what if |
carry rabies?” —» Spread, how serious is it, can it be  _, —» am bitten?”
prevented?” e Link encounters to the “5 Don'ts”
e News clips on real cases e Videos of risky situations o Apply the “5 Don'ts” to scenarios
© Review household-animal risks e Find & study information e Introduce post-exposure self-care e Sequence post-exposure steps
o Launch the parent LINE group e Explain it to a peer e Practice in a simulated bite event

e Examine & correct false beliefs

HL: Understand & Appraise HL: Appraise & Apply HL: Apply

Parental engagement — classroom LINE group: ongoing reinforcement at home throughout the 4 weeks

Outcomes
1 Rabies Health Literacy (access, understand, appraise, apply) | 7T Rabies Protective Behavior: the “5 Don'ts” + the “post-exposure self-care” (wash the wound,
apply antiseptic, confine/observe the animal, see a doctor)

Assessment: Pre-test (experimental & comparison group) = [ 4-week program ] = Post-test (experimental & comparison group) — 4-week follow-up
(experimental group)

Figure 1: The Rabies-Storyline Program: a four-session, story-based program integrating Protection Motivation Theory and
health literacy, with parental reinforcement through a classroom LINE group.

Intervention fidelity and program quality control

Intervention fidelity and program quality were supported through expert validation, standardized delivery
procedures, implementation monitoring, attendance tracking, and assessment of parental engagement. Before
implementation, the intervention program and study instruments, including the RHL and RPB questionnaires,
were reviewed and validated by five multidisciplinary experts. Their areas of expertise included tropical medicine,
behavioral science and health-program development, behavioral measurement and evaluation, public health and
nursing, and educational supervision.

The expert panel evaluated the program's conceptual integrity, content validity, appropriateness of the
learning activities, alignment with the study objectives, and the quality of the outcome measures. The review
covered the learning objectives, key questions, theoretical foundations, educational activities, session duration,
media and learning resources, worksheets, answer guides, and assessment instruments. The 10C findings
indicated satisfactory content validity for both the intervention program and the study instruments.

The intervention was delivered by the principal investigator, a licensed veterinarian with more than 10 years
of professional experience in veterinary public health and expertise in behavioral research and the
implementation of health education. To ensure consistency across sessions, all intervention activities followed a
standardized protocol comprising teaching scripts, lesson plans, activity guides, and clearly defined session
objectives.

Implementation fidelity was independently monitored by an experienced health education teacher affiliated
with the Kanchanaburi PESAO 1, with more than 10 years of health education teaching experience. Structured
observation checklists were used to evaluate adherence to the intervention protocol, completeness of activity
implementation, coverage of the required educational content, and consistency of delivery across sessions.

Participant exposure and responsiveness were monitored using attendance records and completion of the
assigned learning activities. Students were required to attend at least 80% of the sessions to remain eligible for
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inclusion in the analysis. Parental engagement was assessed through enrollment and message activity within the
classroom LINE group throughout the intervention period.

All four intervention sessions were delivered as planned, corresponding to 100% session completion.
Attendance during Sessions 1-4 was 100.0%, 97.6%, 95.2%, and 95.2%, respectively, with an overall attendance
rate of 97.0%. Three students who attended <80% of the sessions were excluded in accordance with the
predefined eligibility criteria. Assessments using the structured observation checklists indicated high
implementation fidelity, with all planned activities, educational content, and procedures delivered as intended
and no major protocol deviations recorded. Parental participation was also high, with all parents enrolled in the
classroom LINE group and message activity records indicating complete exposure to the planned communications
during the intervention.

Outcome measures

Program effectiveness was assessed using a three-part questionnaire provided in Supplementary File S2. The
first section collected participant characteristics, including sex, history of being bitten or scratched by a dog or
cat, and frequency of playing with dogs or cats.

The second section assessed RHL using 24 items distributed equally across the four domains of accessing,
understanding, appraising, and applying rabies-related health information, with six items assigned to each
domain. The third section assessed RPB using 10 items, including five items addressing bite avoidance according
to the “5 Don’ts” and five items addressing the “post-exposure self-care sequence.”

Both measures used four-point response scales. RHL items were rated using a self-reported ability scale with
the response options “very easy,” “fairly easy,” “fairly difficult,” and “very difficult.” RPB items were rated using
the frequency categories “always,” “sometimes,” “rarely,” and “never.” ltems concerning bite avoidance under
the “5 Don’ts” were reverse-scored.

The content validity of all questionnaire items was evaluated by the expert panel, which reported an 10C
index 20.60. Item discrimination, assessed using Pearson item—total correlation coefficients, ranged from 0.366
to 0.794. Reliability was examined in a pilot study involving 30 students who were not included in the final study
sample. Cronbach’s alpha coefficients demonstrated acceptable-to-good internal consistency for all subscales:
RHL access = 0.78, understanding = 0.81, appraisal = 0.81, and application = 0.83; RPB bite avoidance under the
“5 Don’ts” = 0.86 and post-exposure self-care = 0.83. All coefficients exceeded the minimum acceptable threshold
of 0.70.

RHL and RPB were assessed at three time points in the experimental group: pre-intervention, immediately
post-intervention, and at the 4-week follow-up. The comparison group was assessed at two time points: pre-
intervention and immediately post-intervention (Table 1). The outcome questionnaires were self-administered by
students under standardized instructions. Because the principal investigator both delivered the intervention and
processed the outcome data, outcome assessment was not blinded to group allocation. This potential source of
measurement bias was acknowledged as a study limitation.

” u

Table 1: Descriptive statistics (mean [SD]) of rabies health literacy domains and rabies protective behavior, by group and time
point.

Variable Group Pre-test Post-test 4-week follow-up
Access Experimental 3.11(0.38) 3.53(0.34) 3.55(0.34)
Comparison 2.75(0.36) 3.04 (0.44) —
Understand Experimental 3.00 (0.38) 3.52(0.32) 3.59(0.38)
Comparison 2.67 (0.40) 3.09 (0.49) —
Appraise Experimental 2.87 (0.36) 3.43 (0.38) 3.52 (0.40)
Comparison 2.74 (0.45) 2.91(0.43) —
Apply Experimental 3.00 (0.35) 3.62 (0.30) 3.67 (0.37)
Comparison 3.00 (0.45) 3.03 (0.49) —
Rabies protective behavior Experimental 3.03 (0.44) 3.51(0.41) 3.38(0.52)
Comparison 2.78 (0.46) 3.17 (0.35) —

SD = Standard deviation. Values are mean (SD). The four health literacy domains (access, understand, appraise, apply) and rabies protective behavior were
each scored as a mean item rating, with higher scores indicating greater literacy or more protective behavior. The 4-week follow-up was assessed in the
experimental group only; the comparison group was assessed at pre- and post-test.

Statistical analysis
Statistical analyses were conducted using IBM SPSS Statistics version 26 (IBM Corp., Armonk, NY, USA).
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Descriptive statistics, including frequency, percentage, mean, and standard deviation, were used to summarize
participant characteristics and the principal study variables.

The assumptions required for parametric analyses were assessed before inferential testing. Univariate
normality was evaluated using skewness and kurtosis indices. Across both groups, skewness values ranged from
-1.18 to 0.49, whereas kurtosis values ranged from -1.28 to 2.04. These values were within the recommended
thresholds of +2 for skewness and £7 for kurtosis, indicating approximately normal distributions [39, 40].

Baseline comparability between the experimental and comparison groups was assessed using chi-square
tests. No statistically significant between-group differences were observed for sex (x* = 1.42, df = 1, p = 0.233),
previous bite or scratch history (x> = 2.41, df = 1, p = 0.121), or frequency of playing with dogs or cats (x*> = 0.29,
df =2, p = 0.864).

Between-group differences in post-intervention RHL were analyzed using multivariate analysis of covariance
(MANCOVA). Post-intervention scores for the four RHL domains were entered as dependent variables, whereas
baseline access and understanding scores were included as covariates. Because Box’s M test was statistically
significant (Box’s M = 23.14, F = 2.16, p = 0.017) and group sizes were unequal, Pillai’s trace was selected as the
multivariate test statistic because of its relative robustness to violations of the homogeneity of variance—
covariance assumption.

The MANCOVA indicated a statistically significant overall group effect on the combined post-intervention
RHL measures (Pillai’s trace = 0.37, F(4, 62) = 9.09, p < 0.001, partial n?> = 0.37), representing a large effect.
Between-group differences in post-intervention RPB were evaluated using analysis of covariance (ANCOVA), with
baseline RPB scores entered as a covariate. The assumption of homogeneity of regression slopes was assessed
and satisfied before conducting the ANCOVA.

A one-way repeated-measures analysis of variance (ANOVA) was subsequently used to evaluate changes in
RPB within the experimental group across the pre-intervention, post-intervention, and 4-week follow-up
assessments. Sphericity was evaluated using Mauchly’s test, and Bonferroni-adjusted pairwise comparisons were
conducted for post hoc contrasts among assessment points.

Effect sizes were expressed as partial n? for both the RHL and RPB analyses. A complete-case analytical
approach was used, including only eligible participants with complete outcome data (n = 69); missing values were
not imputed. The participant flow is presented in the STROBE flow diagram (Figure 2), and the study was reported
in accordance with the STROBE statement (Supplementary File S3). All statistical tests were two-tailed, and p <
0.05 was considered statistically significant.

Participant flow diagram (STROBE)

Excluded (did not meet

Students in two matched primary schools criteria / declined)
(Mueang Kanchanaburi District, Kanchanaburi PESAO 1) || - Experimental: n =13 (no
screened for eligibility dog/cat contact 2; declined
Experimental group: n = 54; comparison group: n = 52 or no consent 11)
- Comparison: n =19 (no
l dog/cat contact 3; declined
l 1 or no consent 16)
Allocated to experimental group Allocated to comparison group
Rabies-Storyline Program: n = 41 Usual school health class: n = 33
Excluded Lost
after allocation: n = 3 ¢ > after allocation: n =2
(attendance <80%) (did not complete post-test)
Analyzed: n = 38 Analyzed: n =31
RHL: pre, post, 4-week follow-up (MANCOVA) RHL: pre, post (MANCOVA)
RPB: pre, post, 4-week follow-up (ANCOVA, RPB: pre, post (ANCOVA)
one-way repeated measure ANOVA)

Total analyzed sample: N = 69 (experimental: n = 38; comparison: n = 31).

- Experimental: 54 screened - 13 excluded = 41 allocated - 3 (attendance <80%) = 38 analyzed.

- Comparison: 52 screened - 19 excluded = 33 allocated - 2 lost (did not complete the post-test) = 31 analyzed.
Abbreviation: RHL, rabies health literacy; RPB, rabies protective behavior; PESAO 1, Primary Educational Service Area Office 1

Figure 2: Participant flow diagram (STROBE) showing screening, allocation, exclusion, and analysis in the experimental and
comparison groups (N = 69).
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RESULTS
Participant characteristics and preliminary analyses

A total of 69 upper primary school students were included in the final analysis, comprising 38 students in the
experimental group and 31 in the comparison group. Participant progression through screening, group allocation,
follow-up, and analysis is presented in the STROBE flow diagram (Figure 2). Of the 106 students screened across
the two matched schools, 32 were excluded before allocation and five were excluded after allocation. Of those
excluded after allocation, three students in the experimental group attended <80% of the intervention sessions,
whereas two students in the comparison group did not complete the post-intervention assessment.

Most participants were female (59.4%), had no previous history of an animal bite or scratch (60.9%), and
reported daily contact with a dog or cat (40.6%). Descriptive statistics for all study outcomes according to group
and assessment time are presented in Table 1, whereas participant characteristics according to study group are
summarized in Table 2.

Table 2: Characteristics of participants and baseline equivalence by group.

Characteristic Category Totaln (%) Exp.n(%) Comp.n (%) X2 df p-value

Sex Female 41 (59.4) 25 (65.8) 16(51.6) 142 1  0.233
Male 28 (40.6) 13 (34.2) 15 (48.4)

History of animal bites No 42 (60.9) 20 (52.6) 22 (71.0) 2.41 1 0.121
Yes 27(39.1) 18 (47.4) 9(29.0)

Frequency of animal contact Daily 28 (40.6) 16 (42.1) 12 (38.7) 0.29 2 0.864
Sometimes 20 (29.0) 10 (26.3) 10(32.3)
Rarely 21(30.4) 12 (31.6) 9(29.0)

N = 69 (experimental n = 38, comparison n = 31). Percentages are within groups. Between-group equivalence was tested using the chi-square test; no
comparisons were significant (all p > 0.05), indicating baseline equivalence. df, degrees of freedom.

Intervention fidelity was high. All four sessions were delivered as planned, representing 100% session
completion. Attendance rates for Sessions 1-4 were 100.0%, 97.6%, 95.2%, and 95.2%, respectively, with an
overall attendance rate of 97.0%. Enrollment of parents in the classroom LINE group was 100%. No adverse events
were reported during the intervention.

Before hypothesis testing, baseline comparability between the experimental and comparison groups was
assessed using chi-square tests. No statistically significant between-group differences were observed for sex, x3(1,
N = 69) = 1.42, p = 0.233; previous animal bite or scratch history, x*(1, N = 69) = 2.41, p = 0.121; or frequency of
contact with dogs or cats, x(2, N = 69) = 0.29, p = 0.864. These findings indicated that the two groups were
comparable with respect to the assessed baseline characteristics.

Assumptions for parametric analyses were evaluated before inferential testing. Skewness values ranged
from -1.18 to 0.49, and kurtosis values ranged from -1.28 to 2.04, indicating approximately normal distributions.
Because RHL comprised four related domains and baseline scores were available, post-intervention between-
group differences were analyzed using MANCOVA while controlling for pre-intervention access and understanding
scores. Box’s M test was statistically significant for the RHL model (Box’s M = 23.14, F = 2.16, p = 0.017), and the
group sizes were unequal; therefore, Pillai’s trace was used as the multivariate criterion because of its robustness
to violations of the homogeneity of variance—covariance assumption. Post-intervention RPB was compared
between groups using ANCOVA while controlling for pre-intervention RPB scores. The homogeneity of regression
slopes assumption was satisfied. Changes in RPB across the three assessment points within the experimental
group were examined using a one-way repeated-measures ANOVA.

Effect of the intervention on RHL

MANCOVA was conducted to test H1, which proposed that post-intervention RHL would be higher in the
experimental group than in the comparison group after controlling for pre-intervention access and understanding
scores. The multivariate group effect was statistically significant (Pillai’s trace = 0.37; Wilks” A = 0.63; F(4, 62) =
9.09; p < 0.001; partial n? = 0.37). This large effect indicated that the Rabies-Storyline Program significantly
improved the combined RHL domains.

Follow-up univariate analyses demonstrated statistically significant between-group differences in all four
RHL domains, with consistently higher scores in the experimental group. For the access domain, the experimental
group had a mean score of 3.53 + 0.34 compared with 3.04 + 0.44 in the comparison group (F(1, 65) = 21.25; p <
0.001; partial n? = 0.25). For the understanding domain, the corresponding scores were 3.52 + 0.32 and 3.09 +
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0.49, respectively (F(1, 65) = 15.34; p < 0.001; partial n2 = 0.19).

The experimental group also achieved a higher appraisal score than the comparison group (3.43 + 0.38 vs.
2.91 + 0.43; F(1, 65) = 19.46; p < 0.001; partial n?> = 0.23). The largest intervention effect was observed in the
application domain, with mean scores of 3.62 + 0.30 and 3.03 + 0.49 for the experimental and comparison groups,
respectively (F(1, 65) = 33.68; p < 0.001; partial n? = 0.34). This finding indicates that the intervention was
particularly effective in strengthening students’ ability to apply rabies-related health information to practical
decisions. Collectively, these results support H1 (Table 3).

Table 3: Multivariate analysis of covariance of post-intervention rabies health literacy by group, adjusting for pre-test access
and understanding.

Domain Experimental M (SD) Comparison M (SD) F(1,65) p-value np?
Access 3.53(0.34) 3.04 (0.44) 2125  <0.001 0.25
Understand 3.52(0.32) 3.09 (0.49) 1534  <0.001 0.19
Appraise 3.43 (0.38) 2.91 (0.43) 19.46  <0.001 0.23
Apply 3.62 (0.30) 3.03 (0.49) 33.68 <0.001 034

Multivariate effect of group: Pillai’s trace = 0.37 (Wilks’ A = 0.63), F(4, 62) = 9.09, p < 0.001, np? = 0.37. Box’s M = 23.14, F = 2.16, p = 0.017; because
covariance matrices were unequal and group sizes differed, Pillai’s trace was used as the multivariate criterion. Values shown are post-intervention means
(SD). M = Mean; SD = Standard deviation; np?, partial eta squared. Univariate follow-up tests used an error df of 65.

Effect of the intervention on RPB

ANCOVA was used to test H2 while controlling for pre-intervention RPB scores. A statistically significant
between-group difference was observed at post-intervention (F(1, 66) = 15.61; p < 0.001; partial n? = 0.19),
representing a large intervention effect.

The experimental group reported a higher observed post-intervention RPB score than the comparison group
(3.51 £ 0.41 vs. 3.17 + 0.35). After adjustment for pre-intervention RPB scores, the estimated marginal mean
remained higher in the experimental group than in the comparison group (3.53 + 0.06 vs. 3.15 + 0.07,
respectively). These findings support H2 (Table 4).

Table 4: Analysis of covariance of post-intervention rabies protective behavior by group, adjusting for pre-test scores.

Group Observed M (SD) Adjusted M (SE) n
Experimental 3.51(0.41) 3.53(0.06) 38
Comparison 3.17(0.35) 3.15(0.07) 31

Analysis of covariance adjusting for pre-test protective behavior scores: F(1, 66) = 15.61, p < 0.001, np? = 0.19. M = Mean; SD = Standard deviation; SE =
Standard error; adjusted M = Covariate-adjusted estimated marginal mean; np?, partial eta squared.

Changes in RPB over time

A one-way repeated-measures ANOVA was conducted to test H3 by examining changes in RPB within the
experimental group (n = 38) across the pre-intervention, immediately post-intervention, and 4-week follow-up
assessments. The comparison group was assessed only at pre-intervention and immediately post-intervention
and was therefore excluded from this within-group longitudinal analysis.

The assumption of sphericity was satisfied (Mauchly’s W = 0.999; p = 0.987). A statistically significant effect
of time on RPB was observed (F(2, 74) = 10.57; p < 0.001; partial n2 = 0.22), representing a large effect. The error
degrees of freedom were consistent with the within-subject design, calculated as (k - 1)(n — 1) = 2 x 37 = 74, with
complete data available for all 38 participants in the experimental group.

The mean RPB score increased from 3.03 + 0.44 at pre-intervention to 3.51 + 0.41 immediately after the
intervention and remained elevated at 3.38 £ 0.52 at the 4-week follow-up (Table 5).

Table 5: Rabies protective behavior over time in the experimental group (one-way repeated-measures analysis of variance,
n = 38).

Time point M (SD)

Pre-intervention 3.03 (0.44)
Post-intervention 3.51(0.41)
4-week follow-up 3.38(0.52)

Effect of time: F(2, 74) = 10.57, p < 0.001, np? = 0.22. Sphericity was met (Mauchly’s W = 0.999, p =0.987). M = Mean; SD = Standard deviation; np?, partial
eta squared.

Bonferroni-adjusted pairwise comparisons showed that the post-intervention RPB score was significantly
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higher than the pre-intervention score (mean difference = 0.49; SE = 0.11; p < 0.001). The 4-week follow-up score
also remained significantly higher than the pre-intervention score (mean difference = 0.36; SE = 0.11; p = 0.008).

The decrease from immediately post-intervention to the 4-week follow-up was small and not statistically
significant (mean difference = -0.13; SE = 0.11; p = 0.719), indicating that the improvement in RPB was largely
maintained during the short-term follow-up period. Because sustained change was demonstrated only in the
experimental group and no follow-up assessment was available for the comparison group, these findings provide
partial support for H3. Detailed pairwise comparisons are presented in Table 6, and the trajectories of RPB in both
groups across their available assessment points are illustrated in Figure 3.

Table 6: Bonferroni-adjusted pairwise comparisons of rabies protective behavior over time (experimental group).

Comparison Mean difference  SE p-value
Post-intervention - pre-intervention 0.49 0.11 <0.001
4-week follow-up - pre-intervention 0.36 0.11 0.008
4-week follow-up — post-intervention -0.13 0.11 0.719

Pairwise comparisons among the three assessment points in the experimental group (n = 38), with Bonferroni adjustment. SE = Standard error. A behavior-
over-time trend with error bars is shown in Figure 3.
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Figure 3: Rabies protective behavior over time by group. Mean scores at pre-intervention, post-intervention, and
4-week follow-up; error bars represent +1 standard error.

DISCUSSION
Overall effect and key findings

This study evaluated whether a storyline-based program integrating health literacy and PMT could improve
RHL and RPB among upper primary school students. The findings supported H1 and H2 and provided partial
support for H3. Post-intervention RHL was significantly higher in the experimental group than in the comparison
group (MANCOVA, p < 0.001), thereby supporting H1. The experimental group also demonstrated significantly
higher post-intervention RPB than the comparison group (ANCOVA, p < 0.001), supporting H2. Within the
experimental group, RPB increased significantly from baseline to post-intervention and remained significantly
higher than baseline at the 4-week follow-up (p = 0.008). The nonsignificant decline between post-intervention
and follow-up indicated that the behavioral gains were largely maintained over the short term, providing partial
support for H3. Collectively, these findings indicate that the program was feasible to implement under routine
school conditions and was associated with meaningful improvements in both RHL and RPB.

Novelty of the study

To the best of our knowledge, this is the first school-based rabies intervention in Thailand to integrate
storyline pedagogy, a health literacy framework, and PMT within a single program for upper primary school
students. Previous school-based rabies interventions have largely emphasized knowledge transfer or single-
theory approaches, including PMT-based education [16, 21]. In contrast, the present program produced significant
improvements across all four RHL domains and generated behavioral gains that were maintained over the short
term.

The strongest effect was observed in the application domain (partial n? = 0.34), suggesting that embedding
rabies-related information within a child-centered narrative supported not only comprehension but also the
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transfer of knowledge to practical decision-making at the human—animal interface. This integrated, theory-driven
design extends previous research and represents an original contribution to child-centered rabies prevention.

Interpretation of the RHL findings

The findings for H1 are consistent with the conceptualization of health literacy as the capacity to access,
understand, appraise, and apply health information when making health-related decisions [19]. The largest
improvement occurred in the application domain, reflecting the structure of the intervention, in which children
repeatedly practiced using rabies-related information through a series of storyline episodes. This repeated
rehearsal may have strengthened the higher-order competencies required to respond appropriately during real-
life animal encounters.

These findings are consistent with previous school-based health literacy research. Smith et al. [41] reported
that effective school health literacy interventions commonly incorporated experiential learning and connections
with peers, parents, or communities. Woods-Townsend et al. [42] demonstrated sustained improvements in
adolescent health literacy following a theory-informed and contextually grounded educational program. Similarly,
Khanal et al. [43] reported improvements in adolescent health literacy and stronger intentions to undertake
health-promoting actions.

The observed improvement in RHL may also be attributed to the educational characteristics of the
intervention. Contextualized learning, in which health information is embedded within structured stories, key
questions, and realistic problem situations, may enable children to interpret and apply information more
effectively [25]. Story-based contexts can connect health behaviors with perceived social expectations and
everyday decision-making. Haggstrom [26] demonstrated that the storyline approach can promote pupil agency
in primary education, whereas Pulimeno et al. [27] reported that narrative-based teaching can support students’
health, well-being, and engagement.

In the present program, students evaluated which animal encounters represented greater risk, considered
alternative responses, and practiced self-protective actions within realistic story scenarios. These activities may
have strengthened both appraisal and application competencies. The findings therefore suggest that the
intervention supported not only the acquisition of rabies-related information but also the development of
practical skills required to evaluate and apply that information in everyday situations.

Interpretation of the RPB findings

The findings for H2 have both theoretical and practical relevance. Because behavior is generally more difficult
to modify than knowledge [44], the substantial between-group difference in RPB indicates that the intervention
extended beyond information acquisition and facilitated meaningful behavioral change.

A plausible explanation is that the program addressed not only factual knowledge about rabies but also the
principal motivational mechanisms described in PMT, including perceived vulnerability, perceived severity,
response efficacy, and self-efficacy. This interpretation is consistent with Laorujisawat et al. [21], who
demonstrated that PMT was an appropriate framework for predicting RPB among Thai school students. Xiao et
al. [45] similarly found that PMT predicted protective behavioral intentions related to schistosomiasis among
middle school students. Shen et al. [30] reported that a testimonial-based dog-bite prevention intervention
increased both objective and subjective safety knowledge and improved simulated safe behavior among children.
Lakestani and Donaldson [46] also observed that preschool children often had difficulty interpreting dog behavior,
but that brief educational interventions could improve their understanding.

Collectively, these findings support the interpretation that the program enhanced RPB by increasing
awareness of rabies-related risks and strengthening confidence in the ability to perform recommended preventive
and post-exposure actions. Although mediation was not formally examined, threat-appraisal processes, including
perceived vulnerability and severity, and coping-appraisal processes, including response efficacy and self-efficacy,
are plausible active mechanisms. These pathways should be examined directly in future studies.

Maintenance of RPB

The findings for H3 suggest short-term maintenance rather than a transient post-teaching effect. Although
the mean RPB score declined slightly between post-intervention and the 4-week follow-up, this difference was
not statistically significant, and the follow-up score remained significantly higher than baseline. This pattern is
encouraging because some attenuation over time is common in school-based prevention programs.

In Bhutan, Lungten et al. [16] found that a brief rabies education intervention produced immediate and
substantial improvements in students’ knowledge, perceptions, and safety behaviors (p < 0.001), with some
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reduction at 3 months but overall retention of the benefits. Woods-Townsend et al. [42] demonstrated sustained
improvements in adolescent health literacy at 12 months, whereas Gong et al. [47] showed that a PMT-based
preventive intervention incorporating parental components produced sustained protective behavioral change
over 2 years.

The parental communication component delivered via the LINE application may have helped reinforce key
messages beyond the school environment. Smith et al. [41] noted that school-wide health initiatives provide
opportunities for family and community participation, which may help sustain and extend intervention effects. In
the present study, continuous parental communication may have reinforced safer animal interactions and
appropriate post-exposure responses within the household.

Educational and practical implications

The findings have important implications for rabies prevention in schools. Effective rabies education for
children should be participatory, experiential, and grounded in situations that students are likely to encounter in
daily life. Storyline pedagogy is particularly valuable because it connects theoretical knowledge with practical
action and enables children to rehearse decisions before encountering actual risks.

The results also support an ecological understanding of rabies prevention, in which children’s behaviors are
influenced not only by experiences at school but also by interactions occurring at home, in neighborhoods, and in
nearby public spaces. Participatory approaches implemented in schools and communities have similarly improved
rabies awareness [13]. Messam et al. [10] demonstrated that household characteristics and dog management
practices influence the risk of dog bites among children. Parental education and supervision are therefore
essential for reducing risky child—animal interactions. Accordingly, the parental component of the present
intervention should be regarded as a central reinforcement mechanism rather than a supplementary activity [11,
12].

From a practical perspective, the program could be integrated into existing school health curricula without
requiring extensive additional teaching time. The standardized lesson plans, storyline episodes, worksheets,
educational media, and parental communication strategy may facilitate adaptation across primary schools in
rabies-endemic settings. However, implementation should be tailored to local patterns of animal ownership,
community dog management, available post-exposure services, and cultural norms concerning child—animal
interactions.

Interpretation through a One Health lens

These findings are directly relevant to rabies control within a One Health framework. Achieving the global
“Zero by 30” objective of eliminating dog-mediated human rabies deaths by 2030 requires coordinated action
across the human, animal, and environmental health sectors, including mass dog vaccination, surveillance,
accessible post-exposure prophylaxis, responsible animal ownership, and community education [7].

By strengthening children’s ability to recognize risky encounters and respond appropriately at the human-—
animal interface, the program contributes to the community-engagement and demand-side components of rabies
prevention. School-based education integrated with broader rabies control strategies has demonstrated value in
other settings. For example, rabies education has been incorporated into the primary school curriculum in the
Philippines [48], whereas integrated One Health interventions have contributed to the elimination of human
rabies in defined settings such as Goa, India [49]. Participatory school-based activities have also been associated
with increased rabies awareness in Thai communities [13], and household and dog risk management factors have
been shown to influence children’s risk of bites [10].

The parental component of the present program may also promote responsible pet ownership, timely post-
exposure care-seeking, and reporting of suspected rabid animals, thereby linking child education to broader
animal health and surveillance objectives [11, 12]. These connections strengthen the relevance of the intervention
to community-level One Health action.

Nevertheless, the program remained predominantly focused on the human behavioral component of rabies
prevention. Future versions should incorporate stronger partnerships with veterinary authorities, local health
services, municipal agencies, and community dog management programs to achieve more complete One Health
integration. In addition, self-reported improvements in RPB cannot be assumed to translate into measurable
reductions in animal bites or rabies incidence without confirmation from objective behavioral observations, bite
surveillance data, post-exposure treatment records, and integrated animal rabies surveillance.

Strengths and limitations

This study has several notable strengths. First, to our knowledge, it is the first study to integrate health
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literacy, PMT, and storyline pedagogy into a single school-based rabies education program for upper primary
school students. Second, the intervention adopted a participatory, learner-centered, and developmentally
appropriate educational approach that actively engaged students in realistic problem-solving rather than passive
knowledge acquisition. Third, parental involvement was incorporated through a digital communication platform
(LINE), with 100% parental enrollment, thereby reinforcing key health messages beyond the classroom. Fourth,
intervention fidelity was high, as evidenced by complete delivery of all four planned sessions, an overall
attendance rate of 97.0%, and excellent adherence to the intervention protocol. Finally, the study was conducted
among upper primary school students in a rabies-endemic province, thereby enhancing the practical relevance of
the findings for populations at increased risk of rabies exposure.

Several limitations should also be considered when interpreting the findings. First, the study employed a
quasi-experimental design with school-level, non-randomized allocation, which limits causal inference.
Nevertheless, matching schools according to predefined characteristics and confirming baseline equivalence
reduced the likelihood of selection bias and confounding. Second, although the participating schools were
selected from comparable settings within the same province, the relatively small sample size limits the
generalizability of the findings to other geographical and educational contexts. Third, RPB was assessed using self-
report questionnaires and may therefore have been influenced by recall or social desirability bias. Objective
behavioral observations, proxy assessments by parents or teachers, or animal-bite surveillance data were
unavailable to validate self-reported behaviors. Fourth, the 4-week follow-up period permitted evaluation of only
short-term maintenance of intervention effects, precluding conclusions regarding medium- or long-term
behavioral sustainability. Fifth, because follow-up data were collected only from the experimental group, the
persistence of between-group differences beyond the immediate post-intervention assessment could not be
determined. In addition, outcome assessment was not blinded because the principal investigator both delivered
the intervention and processed the outcome data, introducing the possibility of measurement bias. Furthermore,
SES was inferred from school catchment characteristics rather than measured at the individual level. Finally,
because the intervention simultaneously incorporated storyline pedagogy, health literacy, PMT constructs, and
parental engagement, the independent contribution of each component could not be determined. Future studies
should therefore employ larger multisite or cluster-randomized designs, include longer follow-up periods,
incorporate multiple measures of health literacy and behavior, and evaluate potential mediating pathways,
including self-efficacy, response efficacy, perceived vulnerability, perceived severity, and parental reinforcement.

Implications for practice and policy

The present findings have important implications for both educational practice and rabies control policy. At
the practice level, the findings suggest that school-based rabies education should extend beyond the transmission
of factual knowledge to strengthen children's ability to access, understand, appraise, and apply health information
during real-life situations involving potential rabies exposure. The storyline approach provides a developmentally
appropriate, learner-centered, and behaviorally relevant educational strategy by embedding learning within
authentic child—animal interaction scenarios encountered at home, school, and in the community. Such
contextualized learning may be more effective in translating knowledge into sustained protective behaviors than
conventional didactic teaching alone.

The findings also emphasize the importance of parental involvement as an integral component of school-
based health promotion. The digital communication strategy implemented via the LINE application may have
reinforced educational messages beyond the classroom and helped maintain behavioral improvements during the
follow-up period. Consequently, effective rabies prevention among children should be regarded as a collaborative
effort involving schools, families, local healthcare providers, and community stakeholders.

From a policy perspective, the findings support integrating rabies prevention into broader school health
promotion and child protection programs, particularly in rabies-endemic or high-risk settings where interactions
between children and dogs or cats are common. In Thailand, implementation could be strengthened through
coordinated collaboration among the Ministry of Education, the Ministry of Public Health, and the Department of
Livestock Development. Such intersectoral collaboration would allow school-based educational interventions to
complement population-level rabies control measures, including mass dog vaccination, surveillance, responsible
pet ownership, and timely post-exposure prophylaxis, thereby supporting national rabies-elimination initiatives
and the global "Zero by 30" strategy [7]. Developing standardized, theory-based, child-centered educational
modules for integration into school health curricula may further strengthen primary prevention by improving
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children's ability to recognize rabies risk, respond appropriately following potential exposure, and adopt safer
behaviors during everyday interactions with animals.

Directions for future research

Future research should build on these findings using more rigorous and scalable study designs. Large
multisite randomized controlled trials or cluster-randomized studies involving geographically diverse schools are
needed to establish stronger causal evidence and improve the generalizability of the findings. Studies
incorporating longer follow-up periods are also warranted to determine whether improvements in RHL and RPB
are maintained over the medium and long term.

Because the present intervention integrated storyline pedagogy, health literacy development, PMT
constructs, and parental engagement, future investigations should evaluate the mediating mechanisms
underlying behavioral change. In particular, the roles of perceived severity, perceived vulnerability, response
efficacy, self-efficacy, and parental reinforcement should be examined to better understand how educational
interventions promote and sustain protective behaviors.

Future evaluations should also incorporate objective outcome measures in addition to self-reported
questionnaires. These may include structured behavioral observations, scenario-based performance assessments,
teacher and parent proxy evaluations, and, where feasible, linkage with animal bite surveillance systems, post-
exposure prophylaxis records, or rabies surveillance data. Such approaches would provide stronger evidence of
behavioral effectiveness and facilitate evaluation of the intervention's broader One Health impact. Finally, future
studies should investigate the adaptation of the intervention for different age groups, educational settings,
cultural contexts, and other child safety topics related to human—animal interactions, thereby expanding its
applicability within comprehensive school health promotion programs.

CONCLUSION

This study demonstrated that a storyline-based educational program integrating health literacy and PMT
significantly improved both RHL and RPB among upper primary school students in a rabies-endemic setting.
Compared with the comparison group, students who participated in the intervention achieved significantly higher
post-intervention scores across all four RHL domains and reported significantly greater RPB. The largest
improvement was observed in the RHL application domain, indicating that the program effectively strengthened
children's ability to translate rabies-related information into appropriate real-world decisions. Furthermore,
improvements in RPB were maintained at the 4-week follow-up, with no significant decline from immediately
after the intervention, suggesting short-term retention of the behavioral benefits.

These findings indicate that combining storyline pedagogy with health literacy principles, PMT, and parental
engagement provides an effective and developmentally appropriate approach for strengthening children's
capacity to recognize rabies risk and adopt appropriate preventive behaviors. The intervention was successfully
implemented under routine school conditions with high fidelity, excellent participant attendance, and complete
parental participation through the digital communication platform, supporting its feasibility for integration into
school health programs.

Although the quasi-experimental design, relatively small sample size, reliance on self-reported behavioral
outcomes, and short follow-up period limit causal inference and long-term interpretation, the study provides
important evidence supporting theory-driven, child-centered rabies education within a One Health framework.
Future large-scale, cluster-randomized studies with longer follow-up periods, objective behavioral assessments,
and integrated animal health surveillance are warranted to confirm long-term effectiveness and clarify the
mechanisms underlying sustained behavior change.

Overall, integrating health literacy, PMT, storyline pedagogy, and family engagement offers a practical and
scalable strategy for strengthening school-based rabies prevention. By improving children's ability to recognize
rabies risk, make informed decisions, and adopt appropriate protective behaviors, such interventions can
complement mass dog vaccination, surveillance, and timely post-exposure prophylaxis as part of a comprehensive
One Health approach. Wider implementation of theory-based school programs has the potential to contribute
meaningfully to national rabies-elimination initiatives and the global "Zero by 30" goal of eliminating dog-
mediated human rabies deaths by 2030.
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