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Abstract

This study aims to examine the effectiveness of electronic modules on sports
nutrition in sports nutrition courses. This study employed a quasi-experimental
one-group pre-test—post-test design involving 60 physical education students
enrolled in sports nutrition courses. The research instruments consisted of
comprehension tests, affective assessments, and skills tests related to calculating
energy and nutritional requirements. Data were analyzed using paired-sample t-
tests. The results showed significant improvements in cognitive scores, t(59) =
16.16, p < 0.05, d = 2.281. There was an increase in students' affective t(59) =
7.70, p < 0.05, d = 0.97. There was an increase in students' skills t(59) = 28.99, p
< 0.05, d = 5.692. These findings indicate that the use of the sports nutrition e-
module was associated with improvements in students’ cognitive, affective, and
skills scores during hybrid learning. The sports nutrition e-module may serve as a
digital learning resource that supports competency development in sports nutrition
learning contexts.
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INTRODUCTION

The growing emphasis on nutrition education in schools has
increased the need for physical education teachers with adequate
competencies in sports nutrition and energy management. Schools have

long recognized the importance of nutrition programs in supporting student
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health and well-being (Ennis, 2011; Hills et al., 2015). However, providing
food alone is insufficient, as attention must also be given to the nutritional
content of meals and to whether nutrient intake aligns with students' energy
requirements (Abadi et al., 2025; Mauer et al., 2022; Ryan et al., 2022).
Likewise, students’ physical activity levels need to be considered to ensure
that energy expenditure is balanced with nutritional intake (Baena-Morales
et al., 2021). In this context, physical education teachers are expected not
only to understand sports nutrition concepts but also to calculate students’
energy requirements and recommend appropriate physical activities (Hasan
et al., 2023; Martin-Rodriguez & Madrigal-Cerezo, 2025). Consequently,
prospective physical education teachers need competencies in sports
nutrition and in the calculation of caloric requirements (Patton-Lopez et al.,
2018) to support physical education learning and provide recommendations
on physical activity in both school and non-school settings (Pratama et al.,
2026).

The competencies required of prospective physical education
teachers extend beyond general knowledge of nutrition. Teachers are
increasingly expected to understand how nutritional intake, energy
expenditure, and physical activity interact within educational settings.
Previous studies have highlighted the need for competencies related to
measuring energy requirements and nutritional intake among physical
education teachers (Son et al., 2025). Although sports nutrition is commonly
included in teacher education curricula, opportunities to develop practical
skills in calculating energy requirements and nutritional intake remain limited
(Lee & Sung, 2025). Therefore, teacher education programs need to equip
prospective physical education teachers with competencies related to
healthy lifestyle promotion, nutritional awareness, and the practical ability to
calculate students’ energy and nutritional needs (Beketova et al., 2022;
Wibowo & Indrayana, 2019). These competencies are important for
supporting physical education programs and providing evidence-based
recommendations regarding nutrition and physical activity among school
students (Jodczyk et al., 2021; Merma-Molina et al., 2023).
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Alongside these educational needs, the use of digital learning
resources has become increasingly common in higher education. The
development of e-modules has expanded in parallel with the adoption of
various instructional approaches, including hybrid learning models (Cahniyo
et al., 2024). In sports nutrition courses, hybrid learning offers opportunities
to combine face-to-face instruction with digital resources to support
students' engagement with course materials and lectures (Jonvik et al.,
2022; Rossi et al., 2017). The sports energy e-module used in this context
incorporates multimedia-based concept visualizations that help students
understand the relationship between energy metabolism, physical activity,
and sports nutrition requirements more concretely (Ariffudin & Latifah, 2022;
Lopes et al., 2018). In addition, the e-module contains interactive exercises
and structured case studies that provide opportunities for students to
practice calculating sports energy requirements. Features such as
instructions, feedback, and tiered evaluations are included to support
learning activities during hybrid lectures (Delen et al., 2014; Janson et al.,
2020; Lestari & Atun, 2021; McCardle et al., 2019).

Previous research has demonstrated the relevance of digital
teaching materials for supporting learning in sports nutrition. Mashuri et al.
(2022), involving 52 students enrolled in sports nutrition courses, reported
that the transition from conventional learning to hybrid learning increased
the need for digital teaching materials to support competency development.
Students perceived that digital learning resources facilitated learning and
supported their ability to calculate nutritional requirements and provide
recommendations for training and diet. Similarly, previous studies have
highlighted the relevance of digital teaching materials in supporting sports
nutrition learning (Mashuri et al., 2024). Despite these developments,
empirical evidence regarding the effectiveness of sports energy e-modules
in improving learning outcomes remains limited. The integration of sports
energy e-modules into hybrid sports nutrition learning is considered relevant
to support student learning activities; however, their effectiveness requires

empirical testing. In this study, effectiveness is operationally defined as
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improvements in students’ pre-test and post-test scores in cognitive
understanding, affective response, and practical skills related to calculating
energy and macronutrient requirements. Although digital learning materials
for sports nutrition have been developed and validated by experts, empirical
evidence regarding their effectiveness in improving cognitive, affective, and
skills outcomes among physical education students remains limited.
Therefore, this study aims to examine the effectiveness of a sports energy
e-module in improving cognitive, affective, and skills competencies among

physical education students in hybrid sports nutrition learning.

METHOD

This study used a quantitative approach and employed a quasi-
experimental, one-group pre-test—post-test design. The study examined the
effectiveness of a sports energy e-module without comparing it with other
teaching materials. Consequently, the design has limitations in internal
validity because learning experiences occurring outside the intervention
could introduce history effects. At the same time, students' prior exposure
to the assessment during the pre-test could generate testing effects that
influence readiness and performance during the post-test. Therefore, the
observed changes in learning outcomes should be interpreted with caution,
as the causal relationship between the intervention and learning outcomes
may not be entirely free of bias.

The participants were 60 students from the Physical Education
program, Faculty of Sports and Health, Universitas Pendidikan Ganesha,
who were enrolled in a sports nutrition course. All students participating in
the sports nutrition course were included in the study. The research
instrument consisted of a sports energy competency test developed for
sports nutrition learning, which included cognitive, affective, and skills
assessments. Content validity was evaluated using Aiken’s V index. Five
validators were selected based on their expertise, professional experience,
and academic qualifications, consisting of an instructional design expert, a
nutrition science expert, an instructional media expert, a sports nutrition
practitioner, and a communication linguist. The validation results produced
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Aiken’s V values of 0.67 for the instructional design expert, 0.61 for the
nutrition science expert, 0.71 for the instructional media expert, 0.82 for the
sports nutrition practitioner, and 0.81 for the communication linguist. The
overall Aiken’s V coefficient was 0.72, indicating acceptable content validity.
Instrument reliability demonstrated adequate internal consistency, with a
Cronbach’s alpha coefficient of 0.74.

The cognitive domain was measured using a multiple-choice test that
assessed students’ understanding of sports nutrition concepts and sports
energy requirements. The affective domain was measured using a healthy
lifestyle questionnaire designed to assess students’ affective responses
toward balanced nutrition, physical activity, and sports nutrition learning.
The skills domain was assessed through students’ ability to calculate energy
requirements and macronutrient intake based on sports nutrition cases. All
instruments were administered during both the pre-test and post-test
phases.

The intervention was conducted during the sports energy unit of the
sports nutrition course. At the beginning of the learning process, students
completed a pre-test consisting of a cognitive test, an affective
guestionnaire, and a skills test related to energy and macronutrient
calculations. Learning activities were implemented using a hybrid learning
format that combined face-to-face and online sessions. During the
intervention, the sports energy e-module served as the primary learning
resource and was integrated into lectures, guided discussions, project-
based assignments, independent calculation exercises, and student
presentations. Students used the e-module to study sports energy
concepts, complete structured calculation tasks, analyze case-based
nutrition problems, and present the results of energy and macronutrient
requirement calculations. After completion of the sports energy learning
unit, students completed a post-test using the same instruments
administered during the pre-test to assess changes in cognitive, affective,

and skills outcomes.
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Student competency data were summarized according to the
assessment domains and analyzed using descriptive and inferential
statistics. Prior to hypothesis testing, the assumption of normality was
examined using the Shapiro—Wilk test. The results showed that all pre-test
and post-test scores in the cognitive, affective, and skills domains were
normally distributed, as indicated by p-values exceeding 0.05. Specifically,
the cognitive domain obtained significance values of 0.057 (pre-test) and
0.054 (post-test), the affective domain obtained significance values of 0.236
(pre-test) and 0.162 (post-test), and the skills domain obtained significance
values of 0.682 (pre-test) and 0.710 (post-test). These findings indicated
that the data met the assumptions required for parametric analysis.
Therefore, a paired-sample t-test was used to examine differences between
pre-test and post-test scores. In addition, Cohen’s d effect size analysis was
conducted to determine the magnitude of score changes between

measurements and to strengthen the interpretation of the statistical findings.

Table 1. Shapiro-Wilk Normality Test

Statistic df Sig. Note
Pre-kog .942 60 .057 normal
Post-kog .936 60 .054 normal
Pre-afec 974 60 .236 normal
Post-afec 971 60 162 normal
Pre-ski .961 60 .682 normal
Post-ski 979 60 710 normal

RESULT
Cognitive test results showed that before receiving the sports energy
e-module in sports nutrition lectures, students scored 57,92 (SD=11.87).

After receiving the sports nutrition e-module in sports nutrition classes.
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Table 1. Description of Students' Pre-test and Post-test Cognitive Data

N=60 Student Understanding
Pre-test Post-test Different
Average 57.92 80.00 22.08
SD 11.87 6.83 10.59
Varians 140.93 46.61 112.11
Maks 75.00 95.00 45.00
Min 35.00 60.00 5.00

Table 1 presents the descriptive statistics of students’ cognitive
scores before and after the intervention. The mean cognitive score
increased from 57.92 to 80.00. The affective test results showed that before

receiving the sports energy e-module in sports nutrition lectures, students
scored 36.55 (SD=3.23).

Table 2. Description of Data on Affective Towards Use and Intake of
Sports Nutrition

N=60 Student Affective
Pre-test Post-test Different
Average 36.55 40.07 3.52
SD 3.23 3.98 3.54
Varians 10.46 15.83 12.53
Maks 43.00 51.00 12.00
Min 30.00 32.00 -5.00

Table 2 presents the descriptive statistics of students’ affective
scores before and after the intervention. The mean affective score
increased from 36.55 to 40.07.

Table 3. Description of Data on Skills in Calculating Macro Nutrient
Requirements and Intake

N=60 Student Skills
Pre-test Post-test Different
Average 35.50 85.17 49.67
SD 7.90 9.48 13.27
Varians 62.46 89.80 176.16
Maks 50.00 100.00 80.00
Min 20.00 70.00 20.00

Table 3 presents the descriptive statistics of students’ skills scores
before and after the intervention. The mean skills score increased from
35.50 to 85.17. The results of the test of skills in calculating energy

requirements and macro nutrient intake showed that before receiving the
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sports energy e-module in sports nutrition lectures, students scored 35.50
(SD=7.9) for skills.

Table 4. Test of Difference in Mean Understanding of Students

Mean Cohen’s
N t-tabel SD t-score -value
Pre Post d P

60 2.00 57.92 80 2.281 10.59 16.16 0.00

The paired-sample t-test results are presented in Tables 4-6. For the
cognitive domain, the analysis showed t(59) = 16.16, p <.001, Cohen’s d =
2.281. For the affective domain, the analysis showed t(59) = 7.70, p < .001,
Cohen’s d = 0.97. For the skills domain, the analysis showed t(59) = 28.99,
p <.001, Cohen’s d = 5.692.

Table 5. Test of Mean Difference in Student Affective

Mean Cohen’s
N t-table SD t-score -value
Pre Post d P

60 2,00 36,55 40,07 0,97 3,54 7,7 0.00

Based on the calculation results, it can be reported that the t(59) =
7.7, p < 0.05, Cohen’s d = 0.97. It can be concluded that there was a
significant increase in students' affective toward sports nutrition material in
sports nutrition courses after the provision of e-modules on sports nutrition.
Next, an analysis of the mean difference in student skill scores was

conducted.

Table 6. Test of Mean Difference in Student Skills

Mean ’
N t-table Pre ca Post Coh den s SD t-score p-value
60 2,00 35,5 85,17 5,692 13,27 28,99 0,00

Based on the calculation results, it can be reported that the t(59) =
28,99, p < 0.05, Cohen’s d = 5,692. It can be concluded that there was a
significant increase in students' skills in sports nutrition material in sports

nutrition courses after being given e-modules on sports nutrition.

DISCUSSION

The findings of this study indicate that the use of the sports energy e-
module during hybrid Sports Nutrition learning was associated with
improvements in students’ cognitive, affective, and skills scores.

Improvements were observed in students’ understanding of sports nutrition
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concepts, affective responses toward sports nutrition learning, and skills in
calculating energy and macronutrient requirements. These findings suggest
that the sports energy e-module functioned as a learning resource that
supported competency development within the context of hybrid learning.
The observed improvements in cognitive scores, affective responses, and
practical skills indicate that students were able to engage with sports
nutrition content more effectively through learning activities supported by
the e-module.

The improvement observed in the cognitive domain suggests that
students gained a better understanding of concepts related to energy
requirements, physical activity, and nutritional planning. Digital learning
materials have been widely recognized as tools that support conceptual
understanding by presenting information in a structured manner and
facilitating engagement with learning content (Brown et al., 2022; Henriques
et al., 2023; Zhou et al., 2026). Previous studies have also reported that
multimedia-supported learning resources can improve students’
comprehension of scientific concepts when integrated into learning activities
(Lin et al., 2017). In the present study, the sports energy e-module provided
organized learning materials that enabled students to examine the
relationship between energy metabolism, physical activity, and nutritional
requirements in sports settings. The observed increase in cognitive scores
indicates that students were better able to understand the concepts
presented throughout the learning process, particularly concepts related to
energy balance, nutritional planning, and the role of nutrition in supporting
physical activity and sports performance.

The improvement in the skills domain reflects students' increased
ability to perform calculations related to energy requirements and
macronutrient intake. The skills domain showed the largest increase among
the measured variables, suggesting that structured learning activities and
repeated practice contributed to students' ability to apply sports nutrition
concepts in practical situations. This finding is consistent with previous

research indicating that interactive digital learning materials can support
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procedural learning through structured exercises and repeated practice
(Henriques et al.,, 2023). Throughout the learning process, students
completed a series of calculation activities involving nutritional status
assessment, basal metabolic rate estimation, and specific dynamic action
calculations, which are important components in determining individual
energy requirements (Phytanza et al., 2022; Mocha-Bonilla et al., 2018;
Rossi et al., 2017). Students also learned to estimate daily activity
expenditure and sports-related energy expenditure as part of sports nutrition
planning (Ratna et al., 2025; Saputro et al., 2025). In addition, learning
activities included growth-related energy calculations and dietary planning
recommendations, enabling students to apply sports nutrition concepts in
practical situations (Yasa et al., 2025; Shidik et al., 2025). Students were
able to calculate the energy requirements of individuals involved in sports
activities as well as those with more general physical activity patterns. They
were also able to formulate macronutrient recommendations based on the
conditions presented in learning cases. Similar findings have been reported
by Zhou et al. (2026), who found that digital learning resources can facilitate
the acquisition of applied skills when learners are actively involved in guided
practice activities.

Improvements were also observed in the affective domain. The
increase in affective scores suggests that students demonstrated more
positive responses toward sports nutrition learning after participating in
learning activities supported by the e-module. This finding may indicate
greater interest, attention, and involvement in sports nutrition content during
the learning process. The integration of learning materials, practical
exercises, and case-based activities contributed to students' willingness to
engage more actively with the subject matter. However, the interpretation of
this result should remain within the scope of the affective indicators
measured in this study. Therefore, the findings should not be extended to
claims regarding long-term lifestyle changes, sustained behavioral
modification, or health outcomes because these variables were not directly

assessed.
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The present findings are in line with previous studies suggesting that
electronic teaching materials can support competency development in
higher education settings (Holisoh et al., 2025). Within hybrid learning
environments, digital teaching materials play an important role in providing
learning resources that support instructional activities and student
participation (Widodo et al., 2024). In this study, the sports energy e-module
was integrated into lectures, discussions, guided exercises, and calculation-
based learning activities. Learning activities supported by the e-module
included discussions, guided exercises, and calculation tasks related to
energy requirements and macronutrient intake. During these activities,
students applied sports nutrition concepts to simulated cases and examples
used in learning exercises. The use of structured discussions during online
learning is consistent with previous findings emphasizing the role of
interaction and discussion in supporting conceptual understanding in higher
education learning environments (Kusuma et al., 2024; Pratiwi & Nadhiroh,
2024). In this context, discussions provided opportunities for students to
examine sports nutrition concepts and apply calculation procedures
introduced in the e-module. Although discussion activities formed part of the
learning process, variables such as self-regulated learning, self-directed
learning, learning autonomy, and engagement were not measured directly.
Consequently, these aspects should be regarded as possible instructional
contexts rather than empirical findings of the study.

The relationship between conceptual understanding and skill
development may also be explained through competency development
perspectives, which emphasize that knowledge acquisition can support the
development of practical skills through repeated application and practice
(Deci & Ryan, 2008; Fujinuma & Wendling, 2015; Salman et al., 2020;
Smeby & Heggen, 2014; Veldman et al., 2019). In the current study,
students first learned theoretical concepts related to sports energy and
nutrition before applying these concepts through calculation exercises and
case-based activities. This learning sequence explains why improvements

were observed in both cognitive and skills scores following the intervention.
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As students developed a stronger understanding of sports nutrition
concepts, they were better able to apply those concepts when calculating
energy requirements and macronutrient needs. Nevertheless, because the
study employed a one-group pre-test—post-test design without a control
group, the observed improvements should be interpreted as score changes
that occurred after the intervention rather than as definitive causal effects
attributable solely to the e-module.

As a potential implication, improvements in students' competencies in
energy and macronutrient calculations may contribute to nutrition literacy
initiatives in educational settings. These competencies may be relevant to
school-based nutrition education programs and broader discussions
regarding balanced nutrition and nutritional awareness. In addition,
knowledge related to sports nutrition may support future educational efforts
aimed at promoting understanding of energy balance, nutritional planning,
and healthy dietary practices among students. Previous studies have
highlighted the importance of integrating nutrition education into educational
environments as part of broader health promotion efforts (Hayes et al.,
2018). Similar findings were reported by Chaudhary et al. (2020), who
emphasized the role of schools in promoting nutritional awareness and
healthy eating behaviors. Improving nutritional literacy among prospective
physical education teachers is particularly important because schools play
a strategic role in shaping healthy behaviors among children and
adolescents. In this context, students who master sports nutrition concepts
may contribute to disseminating practical knowledge related to energy
balance, meal planning, and nutritional awareness within educational
settings.

Several limitations should be considered when interpreting the findings
of this study. First, the research focused on short-term changes in cognitive,
affective, and skills scores and did not evaluate long-term retention of
knowledge or skills. Although improvements in competency scores were
observed during the intervention, the extent to which these competencies

are maintained over time remains unclear. Second, the application of sports
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nutrition competencies in professional practice, community engagement, or
educational settings was not examined directly. Consequently, the
effectiveness of these competencies in supporting nutrition education,
parental awareness, school-based health promotion, or community health
initiatives remains unknown. Third, broader contextual factors such as
socioeconomic conditions, access to nutritious foods, cultural dietary habits,
and environmental support systems were not included in the analysis.
Future research should incorporate these factors and employ longitudinal
or field-based designs to provide stronger evidence regarding the role of
sports nutrition education in supporting nutrition literacy and health

promotion initiatives (Moschonis et al., 2021; Truman et al., 2020).

CONCLUSION

The use of the sports energy e-module in sports nutrition courses
during hybrid learning was associated with improvements in students’
cognitive, affective, and skills scores based on pre-test and post-test results.
The findings indicate better understanding of sports energy concepts, more
positive affective responses toward sports nutrition learning, and improved
skills in calculating energy and macronutrient requirements. These results
should be interpreted as score improvements observed during the
intervention rather than definitive causal evidence, as the study employed a
one-group pre-test—post-test design without a control group and focused
only on short-term learning outcomes. Nevertheless, the sports energy e-
module may serve as a useful digital learning resource in hybrid sports
nutrition courses. Future studies are encouraged to use more rigorous
research designs, larger samples, and longitudinal approaches to
strengthen evidence regarding their contribution to learning outcomes in

sports nutrition education.
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