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INTRODUCTION

Cardiovascular disease (CVD) remains the leading cause of mortality worldwide and is increasingly associated
with risk factors that develop during adolescence. Behaviors such as insufficient physical activity, unhealthy dietary
patterns, and prolonged sedentary time contribute to early cardiovascular risk profiles that may persist into adulthood
(World Health Organization, 2023; Djalalinia et al., 2021). In Indonesia, national health reports (Riskesdas) indicate a
rising prevalence of overweight conditions, low levels of physical activity, and unhealthy eating habits among
adolescents, reflecting broader lifestyle transitions driven by urbanization and digitalization (Ministry of Health of
Indonesia, 2018). Similar patterns are observed in North Sumatra, where dietary habits and limited physical activity
increase adolescents’ vulnerability to cardiovascular risk factors.

Health literacy has been widely recognized as a critical determinant of preventive health behavior and long-term
health outcomes. According to Don Nutbeam, health literacy encompasses three progressive dimensions functional,
interactive, and critical which reflect individuals’ ability to access, understand, interpret, and evaluate health-related
information for informed decision-making. Empirical studies have consistently demonstrated that higher levels of
health literacy are associated with healthier behaviors among adolescents, including increased physical activity and
improved dietary practices (Liang et al., 2021; Geboers et al., 2021).

However, most existing research focuses on general health literacy rather than domain-specific constructs such
as cardiovascular disease literacy. Within educational settings, biology instruction offers a potential platform for
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integrating health literacy, particularly through topics related to the circulatory system. Nevertheless, classroom
practices often emphasize conceptual knowledge of biological structures and processes, with limited connection to
real-life health behavior. As a result, students may acquire theoretical understanding without developing the capacity
to interpret cardiovascular risk factors or apply knowledge in everyday decision-making contexts.

Despite the growing attention to adolescent health literacy, several important gaps remain. First, empirical
research examining cardiovascular disease literacy within formal school-based learning environments is still limited.
Second, most health interventions targeting adolescents are implemented as extracurricular or short-term programs
rather than being systematically embedded within academic subjects, which limits their sustainability. Third, previous
studies rarely incorporate local lifestyle contexts, even though cultural and environmental factors play a crucial role in
shaping adolescent health behavior.

To address these gaps, this study adopts a constructivist learning perspective by integrating healthy lifestyle based
activities into biology instruction. The intervention includes experiential components such as body mass index (BMI)
measurement, heart rate monitoring, dietary pattern analysis, and cardiovascular system simulations. These activities
are designed to connect abstract biological concepts with students’ personal health experiences, thereby promoting
active engagement and reflective learning.

The novelty of this study lies in three key aspects. First, it integrates domain-specific health literacy particularly
cardiovascular disease literacy into formal biology education. Second, it employs experiential learning strategies based
on students’ own health-related data. Third, it contextualizes learning within the local lifestyle environment of North
Sumatra, enhancing the relevance and applicability of the intervention.

Based on the above considerations, this study aims to examine the effectiveness of healthy lifestyle-based biology
learning in improving cardiovascular disease literacy among Grade XI high school students in North Sumatra,
Indonesia. Specifically, the study investigates whether the integration of experiential health-related activities into
biology instruction enhances students’ functional, interactive, and critical health literacy related to cardiovascular
disease prevention.

METHOD
Research Design

This study employed a quasi-experimental pretest—posttest control group design to examine the effectiveness of
healthy lifestyle based biology learning in improving cardiovascular disease literacy. Two intact school groups were
used: one assigned as the experimental group and the other as the control group.

Given that the assignment was conducted at the school level, potential school level confounding factors (e.g.,
differences in teacher characteristics, school culture, and student academic background) may have influenced the
results. To mitigate this limitation, both schools were selected based on comparable characteristics, including
curriculum implementation, school type (public high schools), and student grade level. In addition, pretest equivalence
was assessed and controlled statistically using ANCOVA.

Participants

The participants consisted of 120 Grade XI high school students in North Sumatra, Indonesia, divided equally into an
experimental group (n = 60) and a control group (n = 60). All participants were enrolled in biology classes covering
the circulatory system topic during the study period.

Population and Sampling Method

The population included Grade XI students studying biology in selected districts of North Sumatra. A purposive
sampling technique was applied using the following criteria:

1. Implementation of the national biology curriculum (circulatory system topic)

2. Teacher willingness to participate

3. Representation of typical adolescent lifestyle characteristics

Two comparable public high schools were selected. One school was assigned as the experimental group and the other
as the control group to minimize treatment contamination.

Ethical Approval and Consent to Participate

This study was conducted in accordance with ethical standards for research involving human participants. Ethical
approval was obtained from the Institutional Review Board (IRB) of Universitas Sisingamangaraja XII Tapanuli Utara
Because the participants were minors (high school students), written informed consent was obtained from both students
and their parents or legal guardians prior to data collection. Participation in the study was entirely voluntary, and
students were informed of their right to withdraw at any time without academic consequences. All data were collected
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anonymously, and no personally identifiable information was recorded. The research procedures were designed to
ensure that all activities including BMI measurement, heart rate monitoring, and lifestyle observation were conducted
in a safe, non-invasive, and educational context under teacher supervision.

Instrumentation

Data were collected using several instruments to measure cardiovascular disease literacy and supportive lifestyle-
related indicators. The main outcome measure was a cardiovascular disease literacy test developed based on Nutbeam’s
three-level health literacy framework. The instrument comprised: (1) 15 multiple-choice items for functional literacy,
assessing understanding of cardiovascular system structure, function, and disease concepts; (2) 10 short-answer items
for interactive literacy, requiring interpretation of health-related data such as BMI values, heart rate graphs, and dietary
patterns; and (3) 5 case-based items for critical literacy, assessing students’ ability to evaluate health information and
make decisions regarding healthy lifestyle practices. Multiple-choice items were scored dichotomously, while open-
ended responses were evaluated using an analytic rubric. Content validity was assessed by three experts in biology
education and public health, and internal consistency reliability was acceptable (Cronbach’s alpha = 0.82).

Supportive non-cognitive data were collected using a healthy lifestyle questionnaire, classroom observation
sheets, and a three-day food diary. In addition, several health-related indicators were recorded for descriptive and
educational purposes, including body mass index (BMI), resting heart rate, daily physical activity duration, sedentary
time, and healthy food diary compliance. BMI was calculated from body weight and height measured during classroom
activities using a digital scale and portable stadiometer, following standard school health procedures. Resting heart
rate was measured manually at the radial pulse for 60 seconds after students had been seated quietly for approximately
five minutes. Physical activity duration, sedentary behavior, and dietary compliance were based primarily on student
self-reports documented in activity logs and food diaries. Because these indicators were collected in a classroom-based
educational context rather than under controlled clinical conditions, they should be interpreted as supportive short term
behavioral or monitoring indicators, not as definitive physiological outcome measures.

Procedures and Time Frame

The study was conducted over approximately six weeks during the biology unit on the circulatory system. In the
first week, students in both groups completed the pretest of cardiovascular disease literacy. During the intervention
period, the experimental group participated in four to six healthy lifestyle-based biology learning sessions involving
BMI measurement, resting heart rate monitoring, dietary pattern analysis through three-day food diaries, and classroom
discussion of cardiovascular risk factors. The control group received conventional biology instruction consisting of
lectures, textbook explanation, and standard discussion without the integrated experiential health activities.

Supportive lifestyle-related indicators were collected at the beginning and end of the intervention period for
descriptive comparison within the experimental group. Weight and height were measured during supervised class
sessions, while resting heart rate was recorded after a brief seated rest period. Physical activity duration, sedentary
time, and dietary compliance were derived from student logs, food diaries, and classroom observation records. These
supportive measures were intended to enrich interpretation of the educational intervention and student engagement,
rather than to serve as primary endpoints for hypothesis testing.

Data Analysis

Prior to hypothesis testing, normality (Kolmogorov—Smirnov) and homogeneity (Levene’s test) assumptions were
evaluated. Independent samples t-tests were used to compare posttest scores, while ANCOVA controlled for baseline
differences. Learning improvement was assessed using normalized gain (N-gain).

Scope and Limitations

Several methodological limitations should be acknowledged. First, the use of purposive sampling and the involvement
of only two schools may limit the generalizability of the findings. Second, the relatively short intervention period may
not fully capture long-term lifestyle changes among students. Third, external factors such as family diet patterns and
extracurricular physical activity were not controlled in this study. Despite these limitations, the study provides valuable
evidence regarding the potential effectiveness of healthy lifestyle based biology learning in improving cardiovascular
disease literacy among adolescents.

Ethical Considerations

This study adhered to ethical principles for research involving human participants. Formal institutional ethical
approval was not required according to the policy of Universitas Sisingamangaraja XII Tapanuli Utara for classroom-
based educational research involving minimal risk. However, all procedures were conducted in line with international
ethical standards (e.g., Declaration of Helsinki). Because participants were minors, informed consent was obtained
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from both students and their parents or guardians prior to participation. Participation was voluntary, and students were
informed that they could withdraw at any time without penalty. All data were anonymized, and measurements such as
BMI and heart rate were conducted solely for educational purposes using non-invasive procedures under teacher
supervision.

The conceptual framework of the study is presented in Figure 1, which illustrates how healthy lifestyle-based
biology learning, through the integration of experiential activities, is designed to enhance students’ cardiovascular
disease literacy across functional, interactive, and critical dimensions.

Healthy Lifestyle-Based Biology Learning

(Experiental Activities)

Experiential Activities

® BMI Measurement

® Heart Rate Monitoring

® Dietary Pattern Analysis

® Cardiovascular Simulation

!

Cardiovascular Disease Literacy

Functional Literacy

Figure 1. Conceptual Model Of The Intervention Linking Experiential Learning

RESULTS AND DISCUSSION
Descriptive Statistics of Cardiovascular Disease Literacy

Descriptive analysis was conducted to examine students’ cardiovascular disease literacy before and after the
learning intervention. The literacy test measured three dimensions: functional literacy, interactive literacy, and critical
literacy. Table 1 presents the comparison of pretest and posttest scores for the experimental and control groups.

Table 1. Descriptive Statistics of Pretest and Posttest Scores

Literacy Dimension Group Pretest Mean (%) Posttest Mean (%)  Increase
Functional Literacy Experimental 54.12 81.76 +27.64
Control 55.03 63.45 +8.42
Interactive Literacy Experimental 48.30 78.45 +30.15
Control 49.12 60.18 +11.06
Critical Literacy Experimental 42.10 74.00 +31.90
Control 43.21 56.12 +12.91

The results in Table | indicate that the experimental group showed substantially greater improvements in all
dimensions of cardiovascular disease literacy compared with the control group. The largest improvement occurred in
critical literacy, suggesting that the intervention effectively strengthened students’ ability to evaluate health
information and make informed decisions regarding healthy lifestyle behaviors.

Statistical Test of Learning Effectiveness

To determine whether the observed improvements were statistically significant, inferential statistical analyses
were conducted. An independent samples t-test was performed to compare posttest scores between the experimental
and control groups. Additionally, an analysis of covariance (ANCOVA) was conducted to control for potential baseline
differences in pretest scores. The results are summarized in Table 2.
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Table 2. Inferential Statistical Results of the Learning Intervention

Statistical Variable Mean Mean Test p- Effect Interpretation
Test (Experimental) (Control) Statistic value Size

Independent Posttest Literacy 78.74 64.31 t(118) = < Cohen’s Large

Samples t-  Score 8.37 0.001 d=0.92

test

ANCOVA  Treatment Effect - - F(1,117) < Partial Large
(controlled by =27.46 0.001 n?=
pretest) 0.19

The independent samples t-test results indicate that students in the experimental group achieved significantly
higher literacy scores compared with those in the control group. Furthermore, the ANCOVA analysis confirmed that
the healthy lifestyle—based biology learning intervention had a statistically significant effect on students’
cardiovascular disease literacy after controlling for pretest differences. The calculated effect size values (Cohen’s d =
0.92 and partial n?> = 0.19) indicate a large practical impact of the intervention.

Learning Gain Analysis
To further evaluate the magnitude of learning improvement, normalized gain (N-Gain) analysis was conducted. Table
3 shows the N-Gain results for each literacy dimension.

Table 3. N-Gain Analysis of Cardiovascular Disease Literacy

Literacy Dimension Exp erlglfél;?:lGroup Category Conlt\;‘-ocl;gifloup Category
Functional Literacy 0.60 Medium 0.19 Low
Interactive Literacy 0.58 Medium 0.21 Low
Critical Literacy 0.55 Medium 0.23 Low

The N-Gain results indicate that the experimental group achieved moderate learning improvement across all
literacy dimensions, while the control group demonstrated only low levels of improvement. This finding further
supports the effectiveness of the healthy lifestyle-based biology learning approach.

Changes in Lifestyle and Health Indicators

In addition to literacy outcomes, the study documented several supportive short-term lifestyle and monitoring
indicators in the experimental group to describe students’ responses to the learning activities. These indicators were
not specified as primary outcome variables and were collected mainly for descriptive and educational purposes.

Table 4. Changes in Students’ Lifestyle and Health Indicators

Indicator Before Intervention  After Intervention Change
Students in overweight/obese category 32% 24% —8%
Resting heart rate 92 bpm 84 bpm —8 bpm
Daily physical activity 18-22 minutes 32-36 minutes +55-60%
Sedentary behavior 6.1 hours/day 4.8 hours/day —1.3 hours/day
Healthy food diary compliance 41% 73% +32%

The indicators presented in Table 4 must be interpreted cautiously. First, these data were collected primarily as
supportive descriptive indicators within the experimental group and were not the primary basis for evaluating
intervention effectiveness. Second, the six-week duration of the classroom-based intervention is too short to support
strong claims regarding meaningful physiological adaptation, particularly with respect to shifts in overweight/obesity
status or reductions in resting heart rate. Third, some measures, especially physical activity, sedentary behavior, and
dietary compliance, relied partly on self-report and observational documentation, making them more appropriate as
indicators of short-term behavioral awareness and reported lifestyle adjustment than as robust clinical outcomes.
Finally, because comparable control group data were not systematically analyzed for these indicators, causal attribution
to the intervention cannot be established. Accordingly, the values in Table 4 should be understood as evidence of short-
term engagement and behavioral response during the instructional process rather than proof of sustained physiological
improvement.
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Supplementary Analysis of Lifestyle Questionnaire

Descriptive analysis of the healthy lifestyle questionnaire indicated a general trend toward improved self-reported
behaviors in the experimental group, particularly in increased physical activity frequency and improved dietary
awareness. However, these changes were not subjected to inferential statistical testing and are presented only as
supporting evidence, consistent with the study’s primary focus on literacy outcomes.

Interpretation of Findings in Relation to Hypotheses

The results of this study provide consistent support for all proposed hypotheses (Hi, Hz, and H3), demonstrating
the effectiveness of healthy lifestyle-based biology learning in enhancing students’ cardiovascular disease literacy. The
significant improvement in functional literacy (H:) indicates that integrating contextual learning activities into biology
instruction strengthens students’ foundational understanding of cardiovascular concepts. Compared with conventional
instruction, the experimental approach enabled students to engage with content in a more meaningful way, thereby
facilitating knowledge retention and comprehension.

Similarly, the improvement in interactive literacy (Hz) suggests that students developed stronger abilities to
interpret and apply health-related information. Activities such as analyzing BMI values, interpreting heart rate data,
and evaluating dietary patterns encouraged students to actively process information rather than passively receive it.
This finding highlights the role of instructional design in promoting applied understanding within science education.
The strongest support was observed for Hs (critical literacy), where the largest increase was recorded. This indicates
that the intervention was particularly effective in fostering higher-order cognitive skills, including evaluation,
judgment, and decision-making related to health behavior.

Why Did Critical Literacy Improve the Most?

The greater improvement in critical literacy can be explained through the theoretical lens of Don Nutbeam, who
conceptualizes health literacy as a hierarchical construct. In this framework, critical literacy represents the most
advanced level, requiring individuals to critically analyze information and apply it in decision-making contexts. The
instructional approach adopted in this study emphasized experiential and reflective learning processes. Students were
not only exposed to health-related information but were also required to interpret personal data, evaluate lifestyle risks,
and discuss real-life scenarios. Such activities inherently stimulate analytical thinking and self-reflection, which are
central to the development of critical literacy.

In contrast, functional literacy can be improved through knowledge transmission alone, while interactive literacy
involves moderate cognitive engagement through interpretation and communication. The experiential nature of the
intervention therefore disproportionately benefited critical literacy, as it required deeper cognitive processing and
personal relevance. This finding is consistent with constructivist learning theory, which posits that meaningful learning
occurs when individuals actively construct knowledge through experience and reflection.

Comparison with Previous Studies

The findings of this study are consistent with prior research demonstrating that school-based health education can
significantly improve adolescents’ health literacy and related behaviors. Studies have shown that contextual and
experiential learning approaches are more effective than traditional instruction in promoting health awareness and
engagement among students. However, this study extends existing literature in several important ways. First, while
previous research has largely focused on general health literacy, this study specifically examines cardiovascular disease
literacy, providing a more targeted understanding of health education outcomes. Second, unlike many interventions
implemented as extracurricular programs, the present study embeds health literacy within formal biology instruction,
enhancing its sustainability and curricular relevance. Third, the integration of local lifestyle context strengthens the
ecological validity of the findings, particularly in the setting of North Sumatra.

Theoretical Contributions

This study contributes to the development of health literacy theory by providing empirical evidence supporting the
multidimensional model proposed by Don Nutbeam. The simultaneous improvement across functional, interactive,
and critical dimensions demonstrates that classroom-based interventions can effectively address multiple levels of
literacy within a single instructional framework. Furthermore, the findings highlight the importance of experiential
learning as a mechanism for advancing higher-order literacy. By integrating real-life health data into biology
instruction, the study illustrates how educational practices can move beyond knowledge transmission toward fostering
critical thinking and decision-making skills. This extends the application of constructivist learning theory within the
domain of health education.

JUPITER | 83



Enhancing Cardiovascular Disease Literacy Through Healthy Lifestyle-Based Biology Learning...
Robert Harianja, Sariayu Sibarani
Vol 4, No 1, 2026

Practical Implications

From a practical perspective, the results suggest that integrating healthy lifestyle—based activities into biology learning
can serve as an effective strategy for promoting preventive health behavior among adolescents. Schools can play a
pivotal role in early intervention by embedding health-related experiences into existing curricula rather than relying
solely on external programs. Simple, non-invasive activities such as BMI measurement, heart rate monitoring, and
dietary reflection can enhance student engagement while providing meaningful learning experiences. This approach is
particularly relevant in regions where lifestyle-related risk factors are increasing, as it enables students to connect
scientific knowledge with their daily lives.

Cautious Interpretation of Behavioral Indicators

Although improvements were observed in supportive behavioral indicators such as physical activity and dietary
awareness, these findings should be interpreted with caution. The relatively short duration of the intervention and the
lack of comprehensive control group comparison limit the ability to attribute these changes directly to the intervention.
Therefore, the primary contribution of this study lies in demonstrating improvements in cardiovascular disease literacy
rather than establishing definitive changes in long-term health behavior or physiological outcomes.

CONCLUSION

This study demonstrates that healthy lifestyle-based biology learning effectively improves cardiovascular disease
literacy among Grade XI high school students in North Sumatra, Indonesia. The findings show significant enhancement
across functional, interactive, and critical literacy, with the strongest improvement observed in critical literacy. These
results indicate that integrating experiential health-related activities into biology instruction is an effective approach to
strengthening students’ ability to understand, interpret, and evaluate health information in meaningful contexts. From
a practical perspective, the study highlights the potential of school-based interventions to support early prevention of
non communicable diseases. Incorporating simple, non-invasive activities such as BMI measurement, heart rate
monitoring, and dietary reflection into biology curricula can enhance student engagement while promoting health
awareness. This approach enables schools to move beyond theoretical instruction toward more applied and
contextually relevant learning. For future research, it is recommended that studies employ longitudinal designs to
examine the sustainability of literacy improvement and its potential impact on long-term health behavior. Further
research should also incorporate more rigorous behavioral and physiological measurements, include comprehensive
control group comparisons, and explore additional influencing factors such as health self-efficacy, family environment,
and peer influence.
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