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ABSTRACT  
Cardiorespiratory endurance is a major component of physical fitness and is important for Sport Science students 

because it supports sustained physical activity. This study aimed to examine changes in students’ cardiorespiratory 

endurance after participation in a creative gymnastics program. A quantitative one-group pretest–posttest design 

was employed with 30 male Sport Science students from the 2025 cohort at Universitas Negeri Medan, selected 

through random sampling. Cardiorespiratory endurance was assessed using the Multistage Fitness Test (MFT), 

with shuttle level and estimated VO₂max as indicators. The intervention comprised 16 sessions delivered three 

times per week. Data were analyzed using descriptive statistics, the Shapiro–Wilk test, and the Wilcoxon signed-

rank test. Mean shuttle level increased from 6.15 ± 1.12 at pretest to 6.84 ± 1.13 at posttest, while mean estimated 

VO₂max increased from 37.12 ± 4.01 to 39.60 ± 4.08 ml·kg⁻¹·min⁻¹. Based on the displayed means, the increase 

was 2.48 ml·kg⁻¹·min⁻¹, equivalent to approximately 6.68%. All participants showed an increase in estimated 

VO₂max. The Wilcoxon test indicated a statistically significant pretest–posttest difference (p < .001), with an 

effect size of r = .87. These findings indicate an improvement within the participating group following the 

program; however, the absence of a control group prevents definitive causal conclusions. 

 

 

Keywords: creative gymnastics, cardiorespiratory endurance, VO2Max, Multistage Fitness Test, university 
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INTRODUCTION 

Physical fitness is an important foundation for performing daily activities effectively and 

safely. For university students, fitness is relevant not only to participation in sport but also to 

health, functional capacity, and the maintenance of an active lifestyle. Evidence syntheses 

indicate that physical activity provides broad health benefits and that cardiorespiratory fitness 

is an important marker of health status (Warburton & Bredin, 2017); (Bull et al., 2020). 

Accordingly, physical fitness interventions in higher education may contribute to students’ 

capacity to sustain regular physical activity. 

University students are an important population for physical activity promotion because 

the transition to higher education may coincide with changes in daily routines and increased 

sedentary behaviour. Systematic reviews and meta-analyses have reported substantial 

sedentary time among university students, while other research has identified the university 

environment as a relevant setting for physical activity promotion (Castro et al., 2018) (Castro 

et al., 2020); (Moulin et al., 2021). Students’ activity patterns may vary according to academic 

demands, living arrangements, and opportunities for structured exercise. These circumstances 

support the need to evaluate accessible exercise programs that can be implemented in university 

settings. 

mailto:jpehrjournal@gmail.com
mailto:agussalim@unimed.ac.id


Journal Physical Education, Health and Recreation; Vol. 12, No. 2 (2026) 9-17 

ISSN-E: 25489208- ISSN-P:25489194 
Published by Study Program Physical Education, Health and Recreation  

State University of Medan 
Email: jpehrjournal@gmail.com  

 

 

10 

 

Sport Science students have a specific educational context because their studies combine 

theoretical learning with practical sport and physical activity. A systematic review of university 

students reported variation in physical activity and physical fitness across student populations 

(Kljajević et al., 2022). Interventions in university settings have also shown potential to 

increase physical activity, although the characteristics and effects of programs vary (Maselli et 

al., 2018); (Favieri et al., 2023). Assessing fitness changes in Sport Science students can 

therefore provide context-specific evidence about structured exercise activities in higher 

education. 

Cardiorespiratory endurance refers to the capacity of the cardiovascular and respiratory 

systems to support oxygen delivery during sustained physical activity. It is an important 

component of physical fitness and is associated with health outcomes across populations. The 

American Heart Association has emphasized the clinical importance of assessing 

cardiorespiratory fitness, while meta-analytic evidence has linked higher fitness levels with 

lower risks of mortality and cardiovascular outcomes (Ross et al., 2016); (Kodama et al., 2009); 

(Han et al., 2022). For this reason, monitoring cardiorespiratory endurance is relevant when 

evaluating exercise programs. 

VO₂max is commonly used to describe maximal aerobic capacity, although field-based 

tests generally provide an estimate rather than a direct measurement. Regular exercise can 

improve cardiorespiratory fitness when the training stimulus is appropriate and repeated over 

time. A meta-analysis of randomized controlled trials found that exercise training improves 

cardiorespiratory fitness in adults (Lin et al., 2015). Exercise prescription is commonly 

structured around frequency, intensity, time, and type, while World Health Organization 

guidelines recommend regular moderate- or vigorous-intensity aerobic activity for adults 

(Garber et al., 2011); (Bull et al., 2020). 

Creative gymnastics may be a practical option for aerobic activity because it combines 

rhythmic movements into a continuous sequence. Research on aerobic dance has described this 

form of activity as a potential cardiovascular exercise option when it is designed in accordance 

with exercise-prescription principles (Williford et al., 1989). A systematic review of 

cardiorespiratory fitness tests used in dance also highlights the importance of measuring fitness 

in populations engaged in rhythmic movement activities (Tiemens et al., 2023). Nevertheless, 

the response to a particular creative gymnastics program depends on its actual exercise dose 

and implementation. 

Music is often a defining feature of rhythmic movement activities. A meta-analytic review 

reported that music can influence psychological, physiological, psychophysical, and 

performance responses during exercise and sport (Terry et al., 2020). More recent meta-

analytic evidence has also examined the effects of music on affective responses during acute 

exercise (He et al., 2025). In the present study, however, affective responses and music 

characteristics were not measured as independent variables; therefore, music is considered a 

feature of the activity rather than an established mechanism for any observed change. 

The Multistage Fitness Test (MFT), also known as the 20-m shuttle run test, estimates 

VO₂max from the participant’s ability to complete progressively faster shuttle runs. The test 

protocol was developed to predict VO₂max and has been examined in adult populations (Léger 

& Lambert, 1982); (Léger & Gadoury, 1989). A meta-analysis and a later systematic review 

support the use of the 20-m shuttle run as a field-based method for estimating cardiorespiratory 

fitness, while also emphasizing that field tests are not direct measurements of VO₂max 

(Mayorga-Vega et al., 2015); (Cuenca-García, 2021). Familiarization may also influence 

performance, which should be considered when interpreting pretest–posttest changes (Lamb & 

Rogers, 2007). 
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Despite the potential relevance of rhythmic exercise, empirical evidence is needed 

regarding changes in cardiorespiratory endurance following a creative gymnastics program 

among Sport Science students at Universitas Negeri Medan. This study therefore examined 

male students from the 2025 cohort who participated in 16 creative gymnastics sessions 

delivered three times per week. Shuttle level and estimated VO₂max were compared before and 

after the intervention. Because the study used a one-group pretest–posttest design without a 

control group, its purpose was to describe and test within-group change rather than to establish 

definitive causality. 

METHOD 
Research Design 

This study used a quantitative one-group pretest–posttest design. The design can be 

represented as O₁ → X₁₆ → O₂, where O₁ denotes the pretest, X₁₆ represents 16 creative 

gymnastics sessions, and O₂ denotes the posttest. The same participants completed the MFT 

before and after the intervention. Because no control group was included, the results are 

interpreted as changes observed within the group and cannot rule out alternative explanations 

such as concurrent physical activity or test familiarization. 

Participants 

The study population consisted of students enrolled in the Sport Science Study Program at 

Universitas Negeri Medan in the 2025 cohort. The sample comprised 30 male students selected 

through random sampling. Participants were active students who took part in the measurement 

and intervention sequence. The findings should be generalized cautiously because the sample 

was limited to male students from one cohort at one university. 

Instrument 

Cardiorespiratory endurance was assessed using the Multistage Fitness Test (MFT), also 

known as the 20-m shuttle run test. Participants ran back and forth along a 20-m course in time 

with an audio signal that increased in speed across stages. The last successfully completed level 

and shuttle were recorded as performance indicators, and estimated VO₂max was derived using 

the conversion procedure applied in the study. The MFT was selected because it is practical for 

group testing and has supporting evidence for estimating cardiorespiratory fitness in adults 

(Léger & Lambert, 1982); (Léger & Gadoury, 1989); (Mayorga-Vega et al., 2015); (Cuenca-

García, 2021). 

Creative Gymnastics Intervention 

The creative gymnastics program consisted of 16 sessions delivered three times per week. 

Each session involved a structured sequence of rhythmic movements and continuous physical 

activity intended to provide an exercise stimulus relevant to cardiorespiratory endurance. The 

program was implemented consistently throughout the intervention period. The available study 

record did not report session duration or objective exercise intensity; consequently, these 

details are not inferred or retrospectively specified in this manuscript. 

Data Collection 

The procedure began with an MFT pretest to obtain baseline shuttle-level and estimated 

VO₂max data. Participants then completed the 16-session creative gymnastics intervention at a 

frequency of three sessions per week. After the intervention was completed, the participants 

performed a posttest using the same MFT procedure. The use of the same test at both 
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measurement points supported a within-participant comparison, although the possibility of test 

familiarization remains a limitation. 

Data Analysis 

Descriptive statistics included minimum, maximum, mean, median, and standard 

deviation. The Shapiro–Wilk test was used to examine normality, including the distribution of 

the pretest–posttest difference scores. Because the difference scores for estimated VO₂max did 

not meet the normality assumption, the Wilcoxon signed-rank test was used to compare pretest 

and posttest results. Effect size was calculated as r = Z/√N, and statistical significance was set 

at p < .05. 

RESULTS AND DISCUSSION 

Descriptive Statistics 

Table 1. Descriptive Statistics for Shuttle Level and Estimated VO2max 

Variable N Minimum Maximum Mean ± SD Median 

Pretest shuttle level 30 4.2 8.7 6.15 ± 1.12 6.25 

Posttest shuttle level 30 4.7 9.4 6.84 ± 1.13 6.80 

Pretest estimated VO2max 

(ml·kg⁻¹·min⁻¹) 
30 30.1 46.2 37.12 ± 4.01 37.45 

Posttest estimated VO2max 

(ml·kg⁻¹·min⁻¹) 
30 31.8 48.8 39.60 ± 4.08 39.40 

 

Mean shuttle level increased by 0.69, from 6.15 at pretest to 6.84 at posttest. Mean 

estimated VO₂max increased from 37.12 to 39.60 ml·kg⁻¹·min⁻¹. Based on the rounded means 

presented in Table 1, the difference was 2.48 ml·kg⁻¹·min⁻¹, equivalent to approximately 6.68% 

of the pretest mean. The reported percentage may differ slightly from calculations using 

unrounded participant-level data. 

Individual Changes in Estimated VO₂max 

Table 2. Summary of Individual Changes in Estimated VO₂Max 

Indicator Result 

Number of participants 30 

Participants with an increase 30 (100%) 

Participants with no change 0 (0%) 

Participants with a decrease 0 (0%) 

Smallest increase (ml·kg⁻¹·min⁻¹) 0.6 

Largest increase (ml·kg⁻¹·min⁻¹) 4.0 

Mean increase based on reported study data (ml·kg⁻¹·min⁻¹) 2.47 

Reported relative increase 6.66% 
 

All 30 participants had higher estimated VO₂max values at posttest than at pretest. The 

smallest individual increase was 0.6 ml·kg⁻¹·min⁻¹, and the largest was 4.0 ml·kg⁻¹·min⁻¹. The 

original study record reported a mean increase of 2.47 ml·kg⁻¹·min⁻¹ and a relative increase of 

6.66%; these figures may reflect calculations using unrounded data. The descriptive results 

indicate a consistent direction of change across participants, but do not by themselves establish 

that the intervention caused the change. 
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Normality Test 

Table 3. Shapiro–Wilk Normality Test for Estimated VO₂Max 

Data W p Decision 

Pretest VO₂max 0.972 0.590 No evidence of non-normality 

Posttest VO₂max 0.980 0.837 No evidence of non-normality 

VO₂max difference scores 0.924 0.033 Non-normal distribution 
 

The Shapiro–Wilk test did not indicate a significant departure from normality for the 

pretest or posttest VO₂max values. However, the difference scores were not normally 

distributed (p = .033). Therefore, the Wilcoxon signed-rank test was selected for the pretest–

posttest comparison. This decision was based on the distribution of the paired difference scores 

rather than on the separate distributions of the pretest and posttest values. 

Hypothesis Test 

Table 4. Wilcoxon Signed-Rank Test for Estimated VO₂Max 

Variable 
Pretest 

median 

Posttest 

median 

Median 

difference 
Z p Effect size r 

Estimated 

VO₂max 
37.45 39.40 2.40 4.77 < .001 0.87 

 

The Wilcoxon signed-rank test indicated a statistically significant difference between 

pretest and posttest estimated VO₂max (Z = 4.77, p < .001). The effect size was r = .87, 

indicating a large within-group effect according to commonly used benchmarks. The median 

increased from 37.45 to 39.40 ml·kg⁻¹·min⁻¹, with a reported median difference of 2.40 

ml·kg⁻¹·min⁻¹. Statistical significance and effect size describe the observed paired change, but 

do not eliminate the limitations associated with the absence of a control group. 

Discussion 

The findings indicate that estimated cardiorespiratory endurance improved between pretest 

and posttest among the students who completed 16 creative gymnastics sessions delivered three 

times per week. Mean estimated VO₂max increased from 37.12 to 39.60 ml·kg⁻¹·min⁻¹, while 

mean shuttle level increased from 6.15 to 6.84. All participants showed an increase in estimated 

VO₂max, indicating that the direction of change was consistent within this sample. These 

results should nevertheless be interpreted as a within-group improvement following 

participation, rather than definitive evidence that creative gymnastics alone caused the change. 

From a physiological perspective, repeated aerobic exercise can provide a stimulus for 

adaptations associated with cardiorespiratory fitness. A meta-analysis of randomized 

controlled trials found that exercise training improves cardiorespiratory fitness in adults (Lin 

et al., 2015). Exercise prescription guidance emphasizes frequency, intensity, time, and type as 

key elements for planning and monitoring exercise (Garber et al., 2011). In the present study, 

the frequency and number of sessions were documented, but session duration and objective 

intensity were not available, limiting conclusions about the precise exercise dose. 

The repeated schedule of three sessions per week created a regular pattern of physical 

activity over the intervention period. Regular activity is consistent with public health guidance 

that recommends aerobic activity throughout the week (Bull et al., 2020). Research on 
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university-based interventions suggests that structured programs can support physical activity, 

although effects vary across interventions and populations (Maselli et al., 2018); (Favieri et al., 

2023). The present findings add a context-specific observation for Sport Science students at 

Universitas Negeri Medan, but further controlled research is needed to determine the size of 

the intervention-specific effect. 

Creative gymnastics combines rhythmic movement sequences that can be performed 

continuously, making it a plausible option for aerobic exercise. Previous work on aerobic dance 

has discussed its cardiovascular potential when exercise is designed according to appropriate 

training principles (Williford et al., 1989). Research reviewing cardiorespiratory fitness tests 

in dance also emphasizes the value of measuring fitness in populations participating in 

rhythmic movement activities (Tiemens et al., 2023). However, because the present study did 

not compare creative gymnastics with another exercise mode, it cannot establish that creative 

gymnastics is more effective than alternative aerobic activities. 

Music may be a relevant contextual feature of rhythmic exercise. A meta-analysis reported 

that music can influence psychological, physiological, psychophysical, and performance 

responses during exercise and sport (Terry et al., 2020), and more recent work has examined 

its effects on affective responses during acute exercise (He et al., 2025). Nevertheless, music-

related responses were not measured in this study, and music was not analyzed as an 

independent variable. It would therefore be inappropriate to attribute the observed increase in 

estimated VO₂max to music or to a specific psychological mechanism. 

The increase in shuttle level was consistent with the increase in estimated VO₂max because 

the MFT uses progressively faster 20-m shuttle runs to estimate aerobic capacity. The original 

protocol was developed to predict VO₂max, and subsequent research has examined its validity 

in adults (Léger & Lambert, 1982); (Léger & Gadoury, 1989). A meta-analysis and a systematic 

review support the use of the 20-m shuttle run as a field-based estimate of cardiorespiratory 

fitness (Mayorga-Vega et al., 2015); (Cuenca-García, 2021). Nonetheless, estimated VO₂max 

is not equivalent to a direct laboratory measurement, and the precision of the estimate depends 

on the protocol and conversion procedure used. 

Familiarization is another possible explanation that should be considered when 

interpreting the pretest–posttest difference. Previous research has re-examined the reliability 

of the 20-m multistage shuttle run and highlighted the importance of considering test 

characteristics (Lamb & Rogers, 2007). Because participants completed the same field test at 

both time points, some improvement may have reflected greater familiarity with the test 

procedure or pacing demands. The study design did not allow the contribution of 

familiarization to be separated from physiological adaptation. 

The effect size of r = .87 indicates a large paired change in this sample, but a large effect 

size does not remove the limitations of the design. Without a control group, the observed 

changes could also be associated with other physical activities, changes in lifestyle, or 

familiarization with the MFT. The sample included only male students from the 2025 cohort 

at a single university, limiting generalizability to female students and other populations. Future 

studies should consider a controlled design, recruit a larger and more diverse sample, record 

session duration and exercise intensity, and consider direct measurement of VO₂max when 

feasible. 

CONCLUSION 

Among 30 male Sport Science students from the 2025 cohort at Universitas Negeri Medan, 

participation in a 16-session creative gymnastics program delivered three times per week was 

followed by an increase in estimated cardiorespiratory endurance. Mean shuttle level increased 
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from 6.15 ± 1.12 to 6.84 ± 1.13, while mean estimated VO₂max increased from 37.12 ± 4.01 

to 39.60 ± 4.08 ml·kg⁻¹·min⁻¹. The Wilcoxon signed-rank test showed a statistically significant 

pretest–posttest difference (p < .001), with an effect size of r = .87. Creative gymnastics may 

be considered a potential aerobic activity option in higher education sport settings, but the one-

group design does not support definitive causal conclusions. 

RECOMMENDATIONS 

Future research should include a control group and, where feasible, random allocation to 

strengthen causal interpretation. Samples should be larger and include participants of different 

sexes and backgrounds to improve the generalizability of findings. Researchers should 

document session duration and monitor exercise intensity objectively, for example through 

heart-rate monitoring or ratings of perceived exertion. Direct measurement of VO₂max may 

also strengthen measurement accuracy when appropriate equipment and resources are 

available. 
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