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Abstract

Research on the determinants of Physical Education (PE) learning outcomes is still dominated by
a fragmented approach that examines cognitive and physiological factors separately. As a result,
the combined contribution of Nutritional Knowledge (NK) and Body Mass Index (BMI) to PE
learning outcomes among elementary school students has not yet been fully understood. This study
aims to analyze the effect of NK and BMI on PE learning outcomes in elementary school students,
both partially and simultaneously. This study used an associative quantitative approach involving
28 third-grade students aged between 8-9 years. NK was measured using a multiple-choice
questionnaire, BMI was obtained through anthropometric measurements, while PE learning
outcomes were obtained from students' report card scores. The data were analyzed using simple
and multiple linear correlation and regression. The results showed that the students' NK was in the
adequate category (M=70.107£0.875), BMI was in the normal category (M=-1.626£0.977), and
PE learning outcomes were in the adequate category (M=77.679£4.514). Regression analysis
showed that NK and BMI had a positive and significant effect on PE learning outcomes, with BMI
having a greater effect than NK (partially, R?=0.360; R?=0.472; p=0.001; and simultaneously,
R?=0.656; p=0.001). These findings indicate that good NK and normal BMI contribute to
improved PE learning outcomes in elementary school students. Further research is recommended
using a longitudinal design with a larger sample size and considering relevant behavioral and
environmental factors to obtain a more comprehensive understanding of the factors that influence
PE learning outcomes.
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INTRODUCTION

Physical Education (PE) is an important part of the elementary school curriculum because
it plays a role in developing children's physical, cognitive, and social-emotional abilities (Eshiev et
al., 2025; King et al., 2026; McPherson et al., 2025). Regular physical activity can improve physical
fitness, motor skills, and support the learning process in the classroom (Firdaus et al., 2023;
Sugiarto et al., 2026; Welis et al., 2026). In the context of education, PE learning outcomes reflect
not only physical performance but also the integration of motor skills, participation in physical
activities, and health and nutritional factors that influence students’ physical capacity and
motivation (Souza et al., 2023). Thus, PE learning outcomes should be understood as a
multidimensional construct that combines physical and cognitive aspects in the learning process.

One of the cognitive factors that play a role in PE learning outcomes is Nutrition
Knowledge (NK). NK includes understanding healthy food consumption, recognition of fast food,
fruit and vegetable eating habits, and the impact of unhealthy food and beverage consumption on
health (Jadgal et al., 2020; Mukhamedzhanov et al., 2023). Previous studies have shown that
nutrition literacy is positively associated with healthy eating behaviors, nutritional status, and
children's academic achievement (Akbar & Rehman, 2024). However, most studies still frame
learning outcomes within a general academic framework and have not specifically examined the
contribution of NK to PE learning outcomes, which are characterized by both physical
performance and an understanding of movement concepts. For example, Doustmohammadian et
al. (2022) highlighted the role of nutrition literacy in eating behaviors and obesity in children aged
10-12 years, while Akbar & Rehman (2024) studied university students and emphasized overall
academic performance. This indicates a lack of research specifically examining the influence of NK
on PE learning outcomes in elementary school children.

In addition to cognitive aspects, nutritional status as reflected by Body Mass Index (BMI)
also influences PE learning outcomes. BMI is an indicator of the balance between body weight and
height, used to categorize a person’s nutritional status (Kemenkes, 2011; Oukheda et al., 2023; Roy
et al., 2025). Children with a normal BMI tend to have optimal physical capacity to participate in
physical activities, while children with underweight or overweight BMIs may experience limited
movement, fatigue more quickly, and decreased motivation to learn (Liverti et al., 2023).

Several studies also show a positive relationship between nutritional status and children's
motor skills or physical fitness (Irab et al., 2024; Morales-Suarez-Varela et al., 2024). However,
these findings are not always consistent. For example, Monacis et al. (2022) reported that BMI
only affects certain physical capacities when influenced by self-perception and enjoyment of

physical activity, while Souza et al. (2023) emphasized that the effect of BMI on physical ability is
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also influenced by the level of routine physical activity. These findings indicate that BMI does not
operate in a linear or isolated manner but rather interacts with various other factors in influencing
student performance. Therefore, a more comprehensive approach is needed to understand the role
of BMI in the context of PE learning outcomes.

Although the relationship between nutrition literacy, nutritional status, and various
indicators of learning outcomes has been widely reported, there are several fundamental limitations
in the existing literature. First, most studies still employ a fragmented approach by testing a single
variable in isolation and thus have not been able to explain the relative or simultaneous
contributions of cognitive and physiological factors in the context of PE learning. Second, the
outcomes used are generally general academic achievement or physical fitness indicators, rather
than PE learning outcomes as an educational construct that encompasses motor skills, conceptual
understanding, and engagement in learning. Third, there is still a limited number of studies that
integrate NK and BMI into a single contextual analytical framework for elementary school students
(Adugna et al., 2026; Algahtani et al., 2020).

Based on these previous studies, this research offers a more integrative approach by
analyzing NK and BMI as determinants of PE learning outcomes within a single empirical model.
This study not only examines the partial effects of each variable but also emphasizes their
simultaneous contribution in explaining the variation in PE learning outcomes. Thus, this study
provides added value by (a) developing an integrated determinant model that combines cognitive
and physiological factors, (b) positioning PE learning outcomes as education-specific outcomes
that reflect students’ motor skills, conceptual understanding, and engagement in learning, and (c)
identifying the relative contributions of NK and BMI to PE learning outcomes among elementary
school students, a topic that has rarely been examined within a single analytical framework. The
uniqueness of this study lies in its effort to explain PE learning outcomes through a
multidimensional approach that simultaneously combines aspects of students’ knowledge and
nutritional status, thereby providing a more comprehensive understanding of the factors
influencing success in PE learning. Based on this foundation, this study aims to analyze the effects
of NK and BMI on PE learning outcomes among elementary school students, both partially and
simultaneously. The findings of this study are expected to serve as a basis for teachers, parents, and
education policymakers in designing more effective nutrition intervention and PE programs.

Based on the quantitative associative design and regression analysis employed, the specific
research hypotheses are formulated as follows: (a) H1: NK has a positive effect on PE learning
outcomes; (b) H2: BMI has a positive effect on PE learning outcomes; and (c) H3: NK and BMI

simultaneously have a significant positive effect on students’ PE learning outcomes.
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METHODOLOGY
Research design and participants

This study uses a quantitative approach with an associative design, which aims to analyze
the relationship and influence of NK and BMI on PE learning outcomes in elementary school
students. An associative design was chosen because it allows researchers to identify the relationship
between independent variables, namely NK and BMI, and dependent variables in the form of PE
learning outcomes. Through this approach, the study not only focuses on measuring the
relationship between variables, but also on testing the influence of these two independent variables
on student learning outcomes in PE.

The participants in this study were 28 third-grade elementary school students aged between
8-9 years old, consisting of 18 boys and 10 girls. The characteristics of the participants included a
mean age of 8.32+0.48 years, weight of 26.361£3.32 kg, height of 1.34t£0.09 m, and BMI of
14.98%2.95. The inclusion criteria for this study included the following requirements. First, third-
grade elementary school students who were actively enrolled and aged between 8-9 years old.
Second, students were in good physical health and had no history of health disorders that could
affect the research process. Third, students were willing to participate in the entire research process
voluntarily. Fourth, students obtained permission from their parents or guardians to participate in

the study.

Instruments and procedures
Nutrition knowledge

NK was measured using a multiple-choice questionnaire consisting of 10 questions tailored
to the cognitive characteristics of third-grade elementary school students. This instrument measures
students' understanding of basic nutrition concepts, such as fast food, healthy eating habits, the
importance of consuming fruits and vegetables, and the impact of consuming unhealthy foods and
beverages on health (Table 1).

The questionnaire was adapted from Hani (2022) and Ma’ruf et al. (2024), which had
undergone reliability testing with a value of r=0.873, indicating a high level of internal consistency.
Each item had three alternative answers with one correct answer. Correct answers were given a
score of 10, while incorrect answers were given a score of 0, so that the total score ranged from 0
to 100. The NK level was classified into five categories, namely very low (0-30), low (40-50),
moderate (60-70), high (80-90), and very high (100).
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Table 1. Nutrition knowledge questionnaire

108

Questions

Answer choices

Fast food is usually made by ...

a. Fast and lots of oil
b. Long and lots of
vegetables

c. Very healthy

Examples of fast food are ...

a. Rice, fish, vegetables
b. Burgers, pizza, fried
chicken

c. Fruit, milk, tempeh

If you eat fast food too often, your body can
become ...

a. It's easier to get sick
b. Stronger and
healthier

c. It's okay

Healthy drinks to consume daily are ...

a. Plain water
b. Carbonated drinks
c. Energy drink

The habit of eating fruits and vegetables every
day makes the body ...

a. Easily tired

b. Healthy and strong
c. Frequent
stomachaches

What are the consequences of drinking too
many sugary and carbonated drinks?

a. Teeth decay quickly
b. Teeth become strong
c. No effect

Examples of healthy snacks at school are ...

a. Apples and stuffed
bread

b. Spicy chips and soda
c. Burger and french
fries

Fast food usually contains a lot of ...

a. Salt, sugar, and oil
b. Vitamins and fiber
c. Plant protein

If you want to stay healthy, you should ...

a. Only eating instant
noodles

b. Eat more fruits and
vegetables

c. Not eating at all

Fast food should be eaten ...

a. As many as possible
every day

b. Only occasionally,
not too often

c. Don't eat anything
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Note- The answer key for the questionnaire is: (1) a; (2) b; (3) a; (4) a; (5) b; (6) a; (7) a; (8) a; (9) b;
and (10) b; the maximum score is 100 and the minimum is 0.
Body mass index

BMI is measured using anthropometric methods by measuring the weight and height of
participants (Welis et al., 2023). Weight is measured using digital scales in kilograms (kg), while
height is measured using a stadiometer in meters (m). BMI values are calculated using the standard
formula, which is weight (kg) divided by height squared (m?).

Furthermore, BMI values are classified based on the nutritional status standards for
children aged 5-18 years set by the Indonesian Ministry of Health using BMI indicators according
to age (BMI/A) with a Z-score approach (Kemenkes, 2011). The nutritional status categories used
include malnutrition, underweight, normal, overweight, and obesity (Table 2).

Table 2. Categories and thresholds for child nutritional status

Index Threshold (Z- Category
Score)
<-3SD Malnutrition
Children aged 5-18 -3SDto<-2SD Underweight
-2 SD to +1 SD Normal
years (BMI/A) +1SDto+2SD Overweight
> +2 SD Obesity

Note- BMI by age (BMI/A).
Physical education learning outcomes

PE learning outcome data was obtained from student report card scores. These scores were
collected through documentation obtained from homeroom teachers with the school's approval.
Report card scores were used as an indicator of student learning outcomes because they represent
a comprehensive assessment covering aspects of knowledge, skills, and attitudes in PE learning.
Learning outcome scores are expressed on a scale of 0-100 and are further classified into several
categories of learning outcome levels based on the criteria used by Firdaus et al. (2023), namely:
91-100 (excellent), 81-90 (good), 70-80 (fair), and <70 (poor).
Statistical analysis

The research data was analyzed using SPSS software through three stages of analysis,
namely descriptive statistics, prerequisite tests, and hypotheses. Descriptive statistics were used to
describe the characteristics of each research variable, including the mean (M), standard deviation
(SD), minimum value, maximum value, range, and variance. The prerequisite analysis test was
conducted to ensure that the data met the assumptions required before inferential analysis was

performed. The data normality test was performed using Kolmogorov-Smirnov, while the linearity
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test was performed through regression significance analysis to ensure a linear relationship between
variables.

Furthermore, hypothesis testing was conducted using correlation and regression analysis
to determine the relationship and influence of NK and BMI on PE learning outcomes. Simple
linear regression was used to analyze the partial influence of each independent variable (NK and
BMI) on the dependent variable (PE learning outcomes), while multiple linear regression was used
to test the simultaneous influence of both independent variables (NK and BMI). The magnitude of
the contribution of the independent variables (NK and BMI) to the dependent variable (PE learning

outcomes) is indicated by the coefficient of determination (R?) value.

RESULTS

In general, the average NK of students was in the adequate category with an average score
of 70.107x0.875. Meanwhile, the average BMI of students was -1.6261+0.977, which was in the
normal nutrition category. The PE learning outcomes show an average score of 77.679+4.514,
which is in the adequate category. These results indicate that, in general, the students' NK, BMI,
and PE learning outcomes are in the adequate to normal category (Table 3).

The results of the normality test using Kolmogorov-Smirnov showed that all research
variables were normally distributed (NK, p=0.072 and BMI, p=0.200) (Table 4). Furthermore, the
results of the linearity test show that the values of each variable in the deviation from linearity are
p=0.130 and p=0.857 (Table 5). Thus, the data meet the assumptions for correlation and regression
analysis.

Table 3. Summary of descriptive analysis

Variable n Min Max Range M+SD Var Category
Nutritional
28 50.000 90.000 40.000 70.107+0.875  0.766 Adequate
knowledge
Body mass index 28 -3.729 -0.036 3.693 -1.626x0.977 0.955 Normal
PE learning
28 70.000 85.000 15.000 77.679x4.514 20.374  Adequate
outcomes
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Table 4. Summary of data normality testing
Unstandardized Residual
Source Nutritional
Body mass index
knowledge
N 28 28
M 0.001 0.001
Normal Parameters®®
SD 8.001 7.264
Abs 0.158 0.122
Most Extreme Differences Pos 0.099 0.097
Neg -0.158 -0.122
Test Statistic 0.158 0.122
p 0.072¢ 0.200¢

Note- Normal (p>0.05); variable dependen: PE learning outcomes; *test distribution is normal;

°calculated from data; and “lilliefors significance correction.

Table 5. Summary of data linearity testing

Variable Source df SS MS F r

Between Groups 4 1340.505 335.126  5.672 0.003

Linearity 1 970.882 970.882 16.431  0.001
PE learning Deviation from 3 369.623 123.208  2.085 0.130*
outcomes*NK (Y-Xj) Linearity

Within Groups 23 1359.034 59.088

Total 27 2699.539

Between Groups 14 1777.525 126.966  1.790 0.151

Linearity 1 1275.048 1275.048 17.977  0.001
PE learning Deviation from 13 502.477  38.652 0.545 0.857*
outcomes*BMI (Y-X;) Linearity

Within Groups 13 922.039  70.926

Total 27 2699.565

Note- "Linier (p>0.05).

Partially, the results of correlation and regression analysis show that NK has a significant
positive relationship with PE learning outcomes (r=0.600; F=14.603; p=0.001), with a contribution
of 36.00% (R?=0.360). Furthermore, BMI also shows a significant positive correlation with PE
learning outcomes (r=0.687; F=23.272; p=0.001), with a contribution of 47.20% (R?=0.472) (Table
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6).

Simultaneously, the results of multiple regression analysis showed that NK and BMI had a
strong relationship with PE learning outcomes (r=0.810; F=23.828; p=0.001), with a contribution
of 65.60% (R2=0.656), while the rest was influenced by other factors outside this study (Table 6).
Furthermore, the linear relationship patterns between NK and PE learning outcomes, as well as
BMI and PE learning outcomes, produced Y = 0.600X; + 20.014 and Y = 0.687X, + 15.642 (Figure
1).

Table 6. Summary of correlation and regression analysis

Correlation Regression
Variable
r R? P F p t p
Nutritional knowledge 0.600 0.360 0.001 14.603 0.001 3.821 0.002
Body mass index 0.687 0.472 0.001 23.272 0.001 4.824 0.000
Simultaneously 0.810 0.656 0.001 23.828 0.001

Note- Dependent variable: PE learning outcomes; p<0.05.

70
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33 y = 0.600x + 20.014
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Figure 1. (a) Linearity curve of physical education learning outcomes with nutritional knowledge;

and (b) body mass index

DISCUSSION

The results of the study indicate that correlation and regression analysis show a significant
positive relationship between NK and PE learning outcomes (r=0.600; R?=0.360; p=0.001), as well
as between BMI and PE learning outcomes (r=0.687; R?=0.472; p=0.001). Simultaneously, NK
and BMI contributed 65.60% to the variation in PE learning outcomes (r=0.810; R?=0.656;
p=0.001). These findings are consistent with previous studies emphasizing the importance of
nutrition literacy in supporting children's academic achievement and physical skills (Arenasa et al.,
2024; Doustmohammadian et al., 2022; Liu et al., 2025). Adequate NK enables students to choose
foods that support physical and cognitive growth, thereby positively impacting their performance
in PE (Abderbwih, 2024; Cagiran, 2025; Mukhamedzhanov et al., 2023). Research in various
countries, including Bangladesh, Ethiopia, Portugal, and China, shows that students with higher
nutrition literacy tend to have better academic achievement and physical abilities (Adugna et al.,
2026; Biswas, 2020; Guiné et al., 2023).

The results of this study also show that a normal BMI has a positive relationship with PE
learning outcomes. These findings are in line with studies by Monacis et al. (2022), Oukheda et al.
(2023), and Martinovic et al. (2021), which emphasize that healthy nutritional status and body
composition improve children's physical capacity, energy, stamina, and motor skills. Optimal
physical condition allows students to participate more actively in physical activities during PE

lessons. Other studies also show that good nutritional status is associated with higher levels of
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physical fitness, muscle strength, and athletic performance in children and adolescents (Soto-
Sanchez et al., 2023; Souza et al., 2023). In addition, a BMI within the normal range is also
associated with higher levels of physical activity and more active participation in school sports
activities (Vasileva et al., 2022; Welis et al., 2023).

Interestingly, the results of this study show that BMI contributes more to PE learning
outcomes (R?=0.472) than NK (R?=0.360). This can be explained because BMI represents actual
physiological conditions that directly affect students' ability to perform physical activities. In the
context of PE learning, student performance is highly dependent on physical capacities such as
strength, endurance, coordination, and physical fitness. Good nutritional status allows the body to
obtain sufficient energy to perform physical activities and supports optimal muscle and
cardiorespiratory system function. Research shows that students with good nutritional status have
higher levels of physical activity and fitness than students with poor or excessive nutritional status
(Oukheda et al., 2023; Souza et al., 2023). Studies in Indonesia also show that nutritional status is
related to students' physical activity and learning achievement, indicating that a healthy body plays
an important role in supporting learning success (Irab et al., 2024).

Conversely, NK more closely reflects the cognitive aspects of nutritional understanding,
which do not always directly translate into healthy eating behaviors or optimal physical condition.
Several studies show that increased nutritional knowledge is not necessarily followed by changes
in consumption behavior if it is not supported by environmental factors, family habits, and access
to healthy foods (Cagiran, 2025; Jadgal et al., 2020). In other words, students may have good NK
levels, but if their daily eating habits are not supportive or their physical activity is low, their
physical condition will remain suboptimal for participating in PE activities. Research by
Muderedzwa & Matsungo (2020) also found that even though students have adequate NK,
nutritional status and physical activity remain stronger factors in determining their physical fitness.
Similar findings were reported by Amenya et al. (2021), which showed that the relationship
between NK and BMI in school children is not always linear because it is influenced by various
behavioral and environmental factors.

Furthermore, the simultaneous relationship between NK and BMI with PE learning
outcomes emphasizes the importance of a holistic approach that integrates nutrition education with
children's physical development. These results are in line with the research by Akbar & Rehman
(2024) and Bello et al. (2024), which shows that a combination of nutrition literacy and optimal
nutritional status contributes significantly to students' academic and athletic performance. The

research by Hussain et al. (2017) also emphasizes that eating habits, social relationships, and BMI
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affect children's academic performance. Thus, interventions that improve NK and maintain BMI
within the normal range can be effective strategies to support PE success in elementary schools.
However, this study has limitations. The sample was limited to 28 students in one school,
so the results should be generalized with caution. BMI measurements used single data points
without taking into account long-term growth variations, which may limit the interpretation of
nutritional status. Other factors such as motivation, teacher teaching quality, family support, eating
habits at home, or physical activity outside of school were not analyzed, so the remaining 34.40%
variation in learning outcomes may have been influenced by these factors. In addition, NK
measurement is only quantitative and does not assess practical application in daily life. Therefore,
further research is recommended using a longitudinal design, a larger sample, and more
comprehensive measurements, including environmental factors, eating habits, and physical

activity, to obtain a more comprehensive overview.

CONCLUSION

Based on the results of the study, it can be concluded that students' NK is in the adequate
category and has a significant positive influence on PE learning outcomes, contributing 36.00% to
the variation in PE learning outcomes. In addition, students' BMI in the normal category also
shows a significant positive relationship with PE learning outcomes and contributes more, namely
47.20%. These findings indicate that physiological conditions reflected in BMI play a more direct
role in supporting student participation and performance in PE learning activities. Simultaneously,
NK and BMI have a very strong influence on PE learning outcomes, contributing 65.60%. This
shows that a combination of good nutritional understanding and optimal nutritional status can
support physical performance and learning achievement in elementary school students more
effectively. In practical terms, the findings of this study recommend the importance of
implementing school-based nutrition education programs integrated with monitoring of students'
nutritional status. This approach is expected to help improve NK while maintaining students' BMI
within the normal range, thereby supporting the success of PE learning and improving students'
physical and academic well-being. Further research is recommended using a longitudinal design
with a larger sample size and considering behavioral and environmental factors to obtain a more

comprehensive understanding.
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