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Abstract

Liver fluke disease remains a critical public health issue in Southeast Asia, driven by cultural dietary practices
involving raw or undercooked freshwater fish. This study evaluates the impact of an interdisciplinary brain-based
learning intervention aimed at increasing awareness and modifying dietary behaviors among early childhood students
in Central Northeast Thailand. A quasi-experimental design was employed, involving 122 students from four
provinces. The intervention incorporated brain-based learning activities such as storytelling, songs, and visual aids to
enhance engagement. Pre- and post-tests, behavioral observations, and attitudinal surveys were conducted to assess
the program’s effectiveness. Post-intervention results indicated significant improvements in knowledge about liver
fluke transmission, symptoms, and prevention, alongside positive changes in behavior, such as increased avoidance
of raw fish consumption and improved hygiene practices. Attitudinal surveys showed a shift in preferences toward
safer eating habits. These findings suggest integrating brain-based learning with culturally relevant health education
can foster sustainable behavior change in early childhood populations. Further research is recommended to explore
this approach’s long-term impacts and scalability.
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1. Introduction
1.1 Introduce the Problem

Liver fluke infection caused by Opisthorchis viverrini is a major public health issue in Southeast Asia, particularly in
regions where the consumption of raw or undercooked freshwater fish is a cultural norm (Pumbhirunroj et al., 2020;
Sripa et al., 2011; Sithithaworn et al., 2012). This parasitic infection, deeply embedded in local dietary customs,
often leads to severe health consequences, including cholangiocarcinoma, a lethal form of bile duct cancer
(Khuntikeo et al., 2016; Sripa et al., 2011). Despite numerous public health interventions, the persistence of liver
fluke infections highlights the difficulty in changing deeply rooted cultural practices contributing to disease
transmission (Kaewpitoon et al., 2008; Jongsuksuntigul & Imsomboon, 2003).

These dietary behaviors are prevalent among populations in rural Thailand, where public health efforts face the
challenge of increasing knowledge and altering long-standing cultural habits (Tungkasamit et al., 2024; Resnicow et
al., 1999). The educational system, particularly at the early childhood level, provides a unique opportunity to address
these public health concerns by embedding health education into early learning environments. The challenge lies in
making such educational interventions engaging and effective in altering behaviors, particularly in young children
influenced by their families’ cultural practices.

1.2 Explore Importance of the Problem

The significance of liver fluke disease prevention cannot be overstated, given its link to cholangiocarcinoma, a
cancer with a high mortality rate (Sripa et al., 2017; Khuntikeo et al., 2016). Addressing this public health issue
through education, particularly in early childhood, holds potential for long-term behavioral change. Early childhood
is a critical developmental stage for shaping health behaviors that can last a lifetime (Ansari et al., 2011; Leech et al.,
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2015). Interventions that focus on young learners are essential for educating children and influencing the broader
community, as children often become conduits for health-related information within their households
(Immordino-Yang et al., 2019).

Given the limitations of traditional public health campaigns in this context, an innovative approach is required—one
that integrates culturally responsive education with neuroscience-based learning strategies to engage young students
better and foster meaningful behavior change (Betancourt et al., 2003; Kagawa Singer et al., 2015). This study seeks
to fill this gap by exploring how brain-based learning strategies can be leveraged to educate early childhood students
about liver fluke disease with the aim of influencing both their knowledge and behaviors related to dietary practices.

1.3 Describe Relevant Scholarship
1.3.1 Liver Fluke Disease and Cultural Practices

The relationship between cultural dietary practices and the prevalence of liver fluke infections has been extensively
studied in Southeast Asia. Communities in this region, particularly in Thailand, maintain traditions of consuming raw
or undercooked freshwater fish, a key factor in the transmission of Opisthorchis viverrini (Kaewpitoon et al., 2008;
Jongsuksuntigul & Imsomboon, 2003). These practices are deeply embedded in rural communities’ social and
cultural fabric, making them resistant to change despite public health warnings (Sripa et al., 2011; Pumhirunroj et al.,
2020).

The severe health outcomes of liver fluke infections, particularly cholangiocarcinoma, underscore the need for more
innovative approaches that consider both the biological and cultural dimensions of the disease (Khuntikeo et al.,
2016; Sithithaworn et al., 2012). Without culturally sensitive interventions, public health strategies risk being
ineffective, as they may not resonate with local populations who perceive these dietary practices as an integral part of
their identity (Kagawa Singer et al., 2015; Resnicow et al., 1999).

1.3.2 Early Childhood Education and Health Promotion

Early childhood represents a critical period for the development of lifelong health behaviors. Research shows that
health education delivered during these formative years can significantly shape children’s attitudes, knowledge, and
behaviors, laying the foundation for healthier lifestyles (Ansari et al., 2011; Bartelink et al., 2019; Goldfeld et al.,
2018). However, traditional health education methods often fall short in engaging young learners, particularly in
contexts where cultural practices are at odds with the desired health behaviors (Sripa et al., 2017; Schirmer &
Lockman, 2022).

Interactive and developmentally appropriate methods, such as storytelling, play, and multisensory activities, are more
effective in teaching health concepts to young children (Thomas et al., 2019). By fostering engagement and making
learning enjoyable, these methods promote better retention of health information and encourage behavior change.
This aligns with the principles of early childhood education, which emphasize experiential learning and the
importance of creating nurturing environments that support children’s cognitive, social, and emotional development
(Napier et al., 2017; Sousa, 2016; Betancourt et al., 2003).

1.3.3 Brain-Based Learning and Educational Neuroscience

Brain-based learning, grounded in educational neuroscience, offers a promising framework for enhancing the
effectiveness of health education, particularly for young children. This approach aligns teaching methods with the
brain’s natural learning processes, making education more engaging and effective (Tokuhama-Espinosa, 2011;
Dubinsky et al., 2013; Leisman, 2022). Key principles of brain-based learning include creating emotionally
supportive learning environments, employing multisensory experiences, and fostering active learning through
hands-on activities and social interaction (Sousa, 2016).

These strategies can be particularly impactful for early childhood learners, whose brains are highly receptive to
multisensory inputs (Ansari et al., 2011; Immordino-Yang et al., 2019). By incorporating activities such as interactive
storytelling, songs, and visual aids, brain-based learning taps into young children’s natural curiosity and enthusiasm,
making health education enjoyable and memorable (Chang et al., 2021).

1.3.4 Integrating Cultural Sensitivity with Brain-Based Health Education

A growing body of literature emphasizes the importance of cultural sensitivity in health education, particularly when
addressing health issues tied to long-standing cultural practices (Kagawa Singer et al., 2015; Napier et al., 2017). For
interventions to be effective, they must resonate with the target population by acknowledging and respecting cultural
norms while promoting safer practices. Studies have shown that integrating culturally relevant content into health
education can lead to more significant and sustained behavior change (Resnicow et al., 1999; Kreuter & McClure,
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2004).

When combined with brain-based learning, culturally sensitive health education becomes even more powerful. This
integration allows educators to deliver health messages in ways that are not only cognitively engaging but also
culturally relevant and meaningful to learners (Tokuhama-Espinosa, 2011). For example, incorporating local stories
or traditions into the educational content can enhance its resonance and acceptance, increasing the likelihood that the
target behaviors will be adopted (Betancourt et al., 2003).

In summary, integrating brain-based learning with culturally sensitive health education provides a holistic approach
to tackling complex health issues like liver fluke disease. By addressing both the cognitive and cultural dimensions
of learning, this approach can potentially promote sustainable behavior change, especially in early childhood
populations.

1.4 State Hypotheses and Their Correspondence to Research Design

The primary hypothesis of this study is that a brain-based, culturally relevant educational intervention will
significantly improve knowledge about liver fluke disease and result in positive changes in dietary behaviors among
early childhood students in Central Northeast Thailand. Specifically, it is hypothesized that students exposed to this
intervention will demonstrate:

1. Increased knowledge about liver fluke transmission, symptoms, and prevention.
2. Behavioral changes, particularly reduced raw or undercooked fish consumption.
3. Attitudinal shifts toward the adoption of safer eating practices.

These hypotheses are grounded in the principles of brain-based learning, which suggest that multisensory and
emotionally engaging educational experiences are more likely to result in retained knowledge and behavioral change.
The quasi-experimental research design, involving pre- and post-tests, behavioral observations, and attitudinal
surveys, will assess the intervention’s impact on these key outcomes.

2. Method
2.1 Research Design

This study employs a quasi-experimental design, specifically a non-equivalent control group design with pre-test and
post-test measures. This design was selected to evaluate the effectiveness of a brain-based educational intervention
aimed at altering knowledge and cultural dietary practices concerning liver fluke disease in early childhood
populations of Central Northeast Thailand.

2.2 Participants and Settings

The study focuses on early childhood students aged 4 to 6 from four provinces in Central Northeast Thailand,
including Khon Kaen, Roi Et, Kalasin, and Maha Sarakham. These provinces were chosen due to their varying
prevalence rates of liver fluke disease, a significant health concern linked to local dietary customs, particularly the
consumption of raw or undercooked freshwater fish.

One school from each province was selected, with all students from a single early childhood classroom included in
the study. The distribution of participants across the provinces includes 36 from Khon Kaen, 29 from Roi Et, 32 from
Kalasin, and 28 from Maha Sarakham. These schools are located in rural communities, where traditional lifestyles
and dietary habits prevail, providing a rich context for implementing and observing the impact of a brain-based
educational curriculum.

2.3 Sampling procedure

Purposive sampling was employed to select the schools, ensuring they were situated in areas with significant
variability in the prevalence of liver fluke disease. This method allowed for selecting locations representative of
different environmental and cultural conditions influencing disease transmission, ensuring a comprehensive
examination of the intervention across diverse settings.

The study involved entire classrooms of early childhood students to ensure complete immersion of the educational
intervention within the existing educational framework. This non-probabilistic approach maximizes the
intervention’s exposure and provides a holistic view of its impact without the confounding variables that might arise
from partial classroom participation.

Class selection criteria included the students’ age group (4 to 6 years old), their regular enrolment in the early
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childhood program, and the feasibility of implementing the intervention within the school’s existing infrastructure.
This methodology enhances the external validity of the study results, ensuring that the research findings will be
relevant and applicable to similar educational and cultural contexts.

2.4 Intervention

The innovative curriculum was developed by a multidisciplinary team comprising experts in education, neuroscience,
public health, and cultural studies. It was designed to educate early childhood students about liver fluke disease and
cholangiocarcinoma, strongly emphasizing prevention and community health. The curriculum incorporated
brain-based learning strategies to ensure the content was engaging and memorable for young learners. It covered
crucial topics such as the nature and transmission of liver flukes, the relationship between dietary habits and disease
prevention, and the importance of hygiene and sanitation.

It employed multisensory learning techniques to support diverse learning styles, including animations, physical
activities, and interactive storytelling, facilitating active and experiential learning. Emotional engagement was
fostered through narratives that connected students emotionally with the material, enhancing empathy and
understanding. Collaborative activities encouraged peer interaction, critical for developing social skills and
reinforcing communal responsibility toward disease prevention. Repetition and reinforcement were strategically used
to ensure retention and understanding, with continuous feedback and reflection exercises embedded to help students
consolidate their knowledge and apply it in real-world contexts. The curriculum also included supplementary
materials, such as storybooks, audiovisual resources, and interactive digital media, to support brain-based learning
experiences.

Additionally, trained early childhood educators from the intervention school underwent a comprehensive
professional development program to understand the principles of brain-based learning, the curriculum content, and
the recommended instructional strategies. This training ensured fidelity in implementing the intervention as intended.
The intervention was implemented for eight weeks during regular school hours. Regular monitoring and support
were provided to the educators to address any challenges and ensure consistent implementation.

Fidelity measures, such as classroom observations, lesson plan reviews, and educator feedback, were incorporated to
assess the extent to which the intervention was delivered as designed and to identify any deviations or adaptations
made during implementation.

2.5 Measurements

A bespoke knowledge test is employed to assess the educational impact of the intervention on students’
understanding of liver fluke disease. This pictorial multiple-choice questionnaire evaluates the children’s
comprehension of the liver fluke’s lifecycle, transmission methods, symptoms, and preventive measures.
Administered before and after the intervention, these tests are designed to measure the initial knowledge levels and
information retention post-intervention. The scoring of these tests quantitatively evaluates the improvement in
knowledge, providing a direct measure of the cognitive impact of educational activities.

Behavioral observations form the second component of the study’s measurements, focusing on students’ engagement
in safe dietary practices. Observers, trained to use a structured protocol, note behaviors related to food handling
during school activities, such as lunchtime or specific health classes. These observations aim to record changes in the
children’s behavior, especially their selection and preparation of fish and their interactions with food safety. By
comparing pre- and post-intervention behaviors, the study quantifies changes in safe practices, thus measuring the
practical application of learned content.

Lastly, attitudinal surveys gauge shifts in students’ perceptions and attitudes toward consuming cooked versus raw
fish. These surveys feature visually engaging scales suitable for young children and are administered alongside the
knowledge tests. Analyzing these surveys helps understand the attitudinal shifts that accompany the knowledge gains,
providing insight into how changes in understanding may influence students’ dietary choices and behaviors. This
comprehensive approach ensures a multi-dimensional assessment of the intervention’s efficacy, capturing cognitive,
behavioral, and attitudinal outcomes.

2.6 Data Collection

Data collection for this study is meticulously planned to capture a comprehensive set of data points across cognitive,
behavioral, and attitudinal dimensions. Pre-intervention data are collected one week before the educational program
begins to establish baseline measures for each participant. This baseline includes administering the knowledge tests
and attitudinal surveys and initiating the behavioral observations. These initial assessments provide critical data
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against which post-intervention outcomes can be compared, ensuring that any changes observed can be accurately
attributed to the intervention.

During the intervention, trained observers continuously collected behavioral data using standardized forms. These
observers record specific predefined behaviors during selected school activities, particularly those involving food
handling and discussions about dietary practices. This real-time data collection is crucial for assessing the immediate
effects of the intervention on students’ behaviors and allows for adjustments in observation strategies if needed. In
addition to behavioral observations, educators complete logs detailing their observations and any notable student
interactions or reactions related to the educational content.

Post-intervention data collection occurs immediately after the intervention concludes, with follow-up assessments
potentially scheduled three months later to evaluate the persistence of the intervention’s effects. The
post-intervention phase involves re-administering the knowledge tests and attitudinal surveys to all participants,
along with a final set of behavioral observations. This approach ensures that data on the long-term impact of the
intervention, particularly in terms of sustained knowledge retention and behavioral changes, are accurately captured.

2.7 Data Analysis

Quantitative data from knowledge tests and behavioral observations are analyzed to determine the statistical
significance of changes observed throughout the study. Using paired t-tests or Wilcoxon signed-rank tests, changes in
knowledge test scores from pre- to post-intervention are evaluated depending on the normality of the data
distribution. This analysis helps quantify the educational intervention’s cognitive impact, providing clear metrics on
learning outcomes and information retention.

Qualitative data from attitudinal surveys and observational notes are subjected to thematic analysis to identify
prevalent themes and patterns. This analysis involves coding the data to highlight common responses and behaviors
that signify shifts in students’ attitudes and practices related to liver fluke disease prevention. Integrating these
qualitative insights with quantitative results paints a comprehensive picture of how educational interventions
influence conscious attitudes and unconscious behaviors.

Integrating quantitative and qualitative data through a mixed-methods approach allows for a robust analysis of the
intervention’s effectiveness. Statistical analyses are conducted using advanced software tools like SPSS or R, which
facilitate detailed data manipulation and enable precise conclusions. This mixed-methods analysis validates the
educational content’s effectiveness and enhances understanding of how education affects behavioral and attitudinal
change in young students.

2.8 Ethic Consideration

This study received approval from the Institutional Review Board (IRB) at Khon Kaen University. Informed consent
was obtained from parents and guardians, and detailed information was provided about the study. Participant
confidentiality and anonymity were ensured, with data reported in aggregate form. The educational content was
age-appropriate and culturally sensitive to minimize risks. Researchers were trained to interact ethically with
children, providing a supportive environment. An independent monitoring committee oversaw the study to ensure
compliance with ethical standards and address any issues promptly, protecting the welfare of all participants.

3. Results
3.1 Demographics

This study included 122 early childhood students from four provinces in Central Northeast Thailand, which are
known for varying prevalence rates of liver fluke disease. The distribution of participants was as follows: Khon Kaen
(36 participants), Roi Et (29 participants), Kalasin (32 participants), and Maha Sarakham (28 participants). The ages
of participants ranged from 4 to 6 years, with an equal distribution of boys and girls across the schools.

Table 1 highlights the equal distribution of male and female participants across the four provinces. The average age
range of 4 to 6 years represents an early childhood demographic, a critical developmental stage for influencing
long-term health behaviors. The socio-economic backgrounds of the participants, mainly from agricultural
communities, underscore the relevance of the liver fluke intervention. These children, raised in environments where
traditional dietary habits involving raw or undercooked fish are prevalent, are an ideal target group for educational
initiatives to change health-related behaviors.
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Table 1. Demographic Characteristics of Participants by Province

Province Number of participants Gender distribution
Male Female
Khon Kaen 36 14 22
Roi Et 29 12 17
Kalasin 32 15 17
Maha Sarakham 28 14 14

3.2 Knowledge Test Outcomes

The knowledge tests administered before and after the educational intervention significantly improved students’
understanding of liver fluke disease. Pre-test results indicated that most students had limited knowledge of the
disease’s transmission, symptoms, and prevention. However, post-test results revealed substantial gains in knowledge
across all key topics, with notable increases in understanding of transmission methods, symptoms of infection, and
preventive measures. These findings suggest that the brain-based learning strategies used in the intervention were
highly influential in facilitating the acquisition and retention of health-related information.

Table 2. Comparison of Pre- and Post-Test Knowledge Scores

Topic Pre-Test Correct (%) Post-Test Correct (%) p-value
Lifecycle of Liver Fluke 45 78 <0.01
Transmission Methods 50 85 <0.01
Symptoms of Infection 55 82 <0.01
Preventive Measures 90 90 <0.01

Table 2 clearly illustrates the statistically significant improvements in correct responses across all categories of liver
fluke disease knowledge. For instance, knowledge of preventive measures improved dramatically, with correct
responses rising from 40% to 90%. Similarly, students’ understanding of the liver fluke lifecycle increased from 45%
to 78%, and their knowledge of transmission methods improved from 50% to 85%. The statistical significance (p <
0.01 for all topics) confirms that the intervention had a meaningful impact on the student’s comprehension of these
critical health topics. These findings suggest that the intervention was highly influential in enhancing students’
awareness and understanding of liver fluke disease, which is critical for prevention efforts in their communities.
Additionally, this highlights the extent of improvement, demonstrating how educational interventions can effectively
enhance knowledge in critical health areas among early childhood students. Using vivid, relatable materials as part of
the brain-based teaching approach played a significant role in these outcomes.

3.3 Behavioral Observations

Behavioral observations during the study revealed significant changes in students’ practices that are critical for
preventing liver fluke disease. Observers carefully recorded students adopting safer behaviors during mealtimes and
classroom discussions, indicating a noticeable shift towards healthier practices following the educational intervention.
These behavioral changes are particularly important because they reflect not only an increase in knowledge but also
the application of that knowledge in daily routines, reinforcing the potential for long-term behavioral shifts.

Table 3. Summary of Observed Behavioral Changes

Behavior Description Pre-Test Correct (%) Post-Test Correct (%) p-value
Avoiding raw fish 30 70 <0.01
Proper washing of hands 40 85 <0.01
Engaging in discussions about safe eating 20 65 <0.01

Table 3 illustrates the statistically significant improvements in student behaviors across all key prevention strategies.
The percentage of students avoiding raw fish increased from 30% to 70% (p < 0.01), highlighting a meaningful
reduction in risky dietary habits. Proper handwashing practices, another critical prevention behavior, substantially
increased from 40% to 85% (p < 0.01), demonstrating improved hygiene awareness. Additionally, the engagement in
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discussions about safe eating practices rose from 20% to 65% (p < 0.01), indicating that students were not only
internalizing the health messages but also actively sharing them with their peers.

The qualitative observations enriched these findings, capturing the nuanced ways students internalized and expressed
their new knowledge. For instance, one observer noted,

“During lunch, I heard several students cautioning their peers, saying, ‘Do not eat that; it has not been cooked well.
Remember what we learned about the worms!’ This shows a direct application of their learning”

This quote demonstrates the intervention’s immediate impact on students’ behavior. The peer-to-peer cautioning
about undercooked food shows the active application of learned concepts and internalization of key health messages.
Students link undercooked food with worm infection, clearly understanding disease transmission. The casual lunch
setting suggests that this knowledge has become part of their daily discourse, potentially reinforcing new behaviors
through peer influence. This observation highlights how the brain-based learning approach has successfully
connected educational content to real-life situations, fostering a sense of responsibility for their and their peers’
health. Another observer reported,

“A student, previously observed eating undercooked dishes, proudly showed her friends how she now always makes
sure her fish is well-cooked. She said, ‘My mom and I cook it together now. I told her what we learned about the liver

fluke.”

This quote illustrates the intervention’s broader impact. The student’s shift from eating undercooked dishes to
ensuring proper cooking demonstrates direct behavior change. Her pride in sharing this new practice suggests a
positive emotional association crucial for long-term adherence. The quote also reveals the intervention’s reach
beyond the school, with the student influencing her household’s behaviors. This intergenerational transfer of
knowledge indicates effective retention and communication of health concepts. The collaborative cooking with her
mother shows the intervention’s sensitivity to cultural practices, promoting safer alternatives without rejecting
traditional foods. These qualitative insights illustrate a change in behaviors and an evolving community dialogue
around health practices, showcasing the profound impact of the brain-based educational approach on modifying
culturally ingrained dietary habits. These observations are powerful testimonials of the program’s effectiveness and
the potential for educational interventions to catalyze community-wide health improvements.

3.4 Attitudinal Survey Results

The attitudinal surveys conducted before and after the intervention revealed meaningful shifts in students’
perceptions of safe eating practices, particularly concerning the consumption of cooked versus raw fish. These shifts
are critical for assessing the potential for long-term behavioral change in the context of liver fluke disease prevention.
The surveys focused on key attitudinal metrics such as preference for cooked fish, understanding the importance of
cooking fish to prevent disease, and willingness to discuss safe eating practices.

Table 4. Attitudinal Changes Towards Fish Consumption

Survey Item Pre-Test Correct (%) Post-Test Correct (%) p-value
Preference for cooked over raw fish 40 80 <0.01
Understanding of cooking fish to prevent disease 35 75 <0.01
Willingness to discuss safe eating practices 30 70 <0.01
Preference for cooked over raw fish 40 80 <0.01

Table 4 shows a substantial and statistically significant improvement in all measured attitudinal items. The
preference for cooked fish over raw fish increased from 40% to 80% (p < 0.01), reflecting a critical shift away from
risky dietary behaviors that contribute to liver fluke infection. Similarly, understanding the importance of cooking
fish as a preventive measure increased from 35% to 75% (p < 0.01). This suggests that students better understand the
health risks of consuming raw or undercooked fish. Additionally, the willingness to discuss safe eating practices rose
from 30% to 70% (p < 0.01), indicating that students were not only adopting these behaviors but also actively
promoting them among their peers.

These surveys reveal that not only did the students absorb the information presented, but they also internalized it
enough to change their attitudes significantly. For instance, the shift in preference for cooked over raw fish is
particularly notable given the local cultural norms. One student commented in the post-survey,

“I now like the cooked fish better because I know it keeps me safe from the sickness”
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This quote reveals a significant attitudinal shift resulting from the intervention. The student’s preference for cooked
fish is now based on health knowledge, showing internalization of disease prevention concepts. This change is
particularly noteworthy given the cultural context where raw fish consumption is traditional, suggesting the
intervention has successfully influenced deeply ingrained dietary preferences. Furthermore, the increased willingness
to discuss safe eating practices among peers suggests an enhanced communal awareness, essential for public health
interventions to have a lasting impact. An observer noted,

“Students are now more vocal during meals, reminding each other about what they learned about safe eating.”

This observation demonstrates the development of collective health consciousness among students. The increased
discussion about safe eating practices during meals indicates that food safety has become a regular topic of
conversation. This peer-to-peer reinforcement is crucial for sustaining behavior change by creating a supportive
social environment. Integrating these discussions into mealtimes shows that health knowledge has been successfully
contextualized into daily life, bridging the gap between abstract information and practical application. These
observed behavior changes align with the quantitative data showing an increased willingness to discuss safe eating
practices. These qualitative findings, supported by the quantitative data, demonstrate how educational intervention
successfully influenced knowledge and attitudes, potentially leading to healthier community practices.

3.5 Correlation Analysis of Knowledge, Behavior, and Attitudes

The correlation analysis provides a comprehensive view of the intervention’s overall effectiveness by examining the
relationships between changes in students’ knowledge, behaviors, and attitudes. This holistic approach highlights the
interconnected nature of these elements, demonstrating how gains in knowledge directly influence both behavioral
changes and shifts in attitudes.

Table 5. Correlation between Knowledge Gain, Behavioral Change, and Attitudinal Shifts

Outcome Measure Knowledge Gain Behavior Change Attitude Shift
Correlation Correlation Correlation
Avoiding raw fish 0.65 - 0.60
Hand washing practices 0.70 0.72 -
Discussions about safe eating 0.55 0.68 0.71

Table 5 shows strong positive correlations between the knowledge gained through the intervention and the
corresponding behavioral and attitudinal changes. The correlation between knowledge about the dangers of raw fish
consumption and the behavior of avoiding raw fish was substantial (r = 0.65), indicating that an increased
understanding of the risks led to a significant change in dietary practices. Likewise, the attitudinal shift toward
preferring cooked fish also strongly correlated with knowledge gains (r = 0.60), further confirming that knowledge is
a critical driver of attitudinal change.

4. Discussion

This study investigated the effectiveness of a brain-based educational intervention designed to increase knowledge
about liver fluke disease and promote behavior change regarding raw or undercooked fish consumption among early
childhood students in Northeast Thailand. The findings provide valuable insights into how culturally responsive
health education strategies can significantly impact knowledge, attitudes, and behaviors, particularly in regions
where public health challenges are closely tied to cultural practices.

The results demonstrated substantial improvements in students’ understanding of liver fluke disease transmission,
symptoms, and prevention methods following the intervention. These findings align with previous research,
reinforcing the effectiveness of brain-based learning approaches in enhancing knowledge acquisition and retention
(Chang et al., 2021; Sousa, 2016). By incorporating multisensory experiences, storytelling, and interactive activities,
the intervention successfully engaged young learners, delivering health information in an engaging and memorable
way.

Beyond the increase in knowledge, the study revealed notable shifts in students’ attitudes and behaviors related to
disease prevention. Students strongly preferred consuming cooked fish over raw fish and showed an increased
willingness to discuss safe eating practices with their peers. These changes suggest that the intervention not only
provided information but also helped students internalize and apply the content in real-life contexts, a hallmark of
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effective brain-based learning (Tokuhama-Espinosa, 2011; Thomas et al., 2019). This highlights the power of
educational interventions that connect classroom learning with everyday practices, fostering active engagement and
promoting long-term behavior change.

The integrated analysis further revealed strong correlations between knowledge acquisition, behavioral changes, and
attitudinal shifts. As students’ understanding of liver fluke disease deepened, their behaviors and attitudes evolved
accordingly, demonstrating a more significant commitment to disease prevention. This interconnectedness
underscores the potential for brain-based interventions to initiate a ripple effect, where education impacts not only
individual students but also influences broader community dialogues and practices. This is particularly relevant in
public health, where changing cultural behaviors can be challenging but essential for disease prevention.

The findings contribute to the growing body of evidence supporting the integration of brain-based learning principles
into health education, particularly in cultural contexts where deeply ingrained practices pose significant public health
risks. This intervention effectively addressed a public health issue rooted in traditional dietary customs by aligning
instructional strategies with the brain’s natural learning processes and incorporating culturally relevant elements. The
success of this approach suggests that brain-based learning when paired with culturally tailored content, can be a
powerful tool for promoting positive health behaviors.

The study’s unique contribution lies in its focus on early childhood education and integrating brain-based learning
with culturally sensitive content. While previous research has highlighted the importance of addressing liver fluke
disease through community-based or EcoHealth approaches (Sripa et al., 2017; Tungkasamit et al., 2024), this study
demonstrates the added value of incorporating neuroscience-based strategies into educational interventions aimed at
young learners. By leveraging insights from neuroscience and culturally responsive teaching methods, the
intervention facilitated not only the acquisition of health knowledge but also its practical application, leading to
sustained behavior change.

Moreover, the study highlights the importance of cultural factors in health education. As Kagawa Singer et al. (2015)
emphasize, culturally responsive approaches are crucial for ensuring the acceptance and effectiveness of health
interventions. This intervention resonated with the target population by respecting and integrating elements of local
traditions and involving community stakeholders, increasing its potential for long-term impact. These findings
suggest that similar culturally tailored, brain-based interventions could be implemented in other regions facing
similar public health challenges.

Despite the promising results, several limitations must be acknowledged. The study’s focus on a specific geographic
region and age group may limit the generalizability of its findings to other cultural contexts or educational settings.
Additionally, the study’s relatively short duration may not fully capture the long-term sustainability of the observed
behavior changes. Future research should explore the longevity of these impacts and investigate the potential for
scaling up brain-based interventions across broader populations and diverse health education contexts. Expanding the
scope of such interventions could provide further evidence of their effectiveness in addressing culturally ingrained
health challenges.

In conclusion, this study provides compelling evidence for the effectiveness of brain-based educational interventions
in promoting knowledge, attitude, and behavior changes related to culturally situated health issues such as liver fluke
disease among early childhood students. Integrating neuroscience principles, multisensory learning experiences, and
cultural relevance proved a powerful approach to tackling complex public health challenges rooted in traditional
practices. The findings support the growing call for interdisciplinary, culturally responsive strategies in health
education, particularly in early childhood settings, and suggest that such interventions could be scaled to address
similar health issues in other contexts. Future research should aim to explore the scalability and sustainability of
these interventions to ensure their long-term effectiveness in promoting positive health behaviors.
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