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Abstract:

Lateral cone jump exercises are plyometric, involving jumping over cones while utilizing the Polar H10 assistive
device to monitor heart rate intensity during each jump. This study aimed to evaluate the effects of cone jump
training on the frequency of jumps and its impact on explosive power in the leg muscles. This type of lateral
cone jump training aims to enhance physical conditioning by executing lateral jumps toward cones, with the
intensity gauged by the number of cones cleared. High-intensity interval training (HIIT) aims to improve
cardiorespiratory fitness, promote fat burning, and increase muscle strength in a relatively short training time.
Path analysis was employed for data processing and analysis. The statistical software utilized included SPSS for
direct influence and the Sobel Calculator for indirect influence to determine the outcomes of both pre-test and
post-test assessments. Following the completion of the lateral interval cone jump exercise by 40 high school
female students, it was observed that the variable representing the number of jumps had a statistically significant
effect on leg muscle explosive power, with a significance level of 0.040 < a (0.05). The total coefficient of
determination derived from path analysis equated to 0.320, indicating that 32% of the variance in leg muscle
explosive power among high school sports students could be attributed to the lateral cone jump training variables
and the number of jumps, while the remaining 68% could be influenced by other variables not incorporated in
the study. Regarding the strength of the research model, the coefficient of determination of 0.32 places it within
the moderate or medium category. The positive sign of the coefficient suggests that an increase in the number of
jumps correlates with higher explosive power in the leg muscles. This implies that a greater number of jumps
contributes to increased leg muscle explosiveness.

Keywords: High-intensity Interval Training, Plyometrics, Polar H10, Lateral cone jumps, and Leg Muscle
Explosive Power

Introduction

The term "lateral cone jumps" encompasses physical exercises to enhance the speed, strength, and agility
of the legs (Sarkar et al., 2020). Typically, this exercise involves the placement of cones in sequence or specific
patterns on the floor to target leg muscles and improve body coordination (Effendi et al., 2019)(Siregar Indra
Yan, Nurkadri, Rohaya Nirwana, Muda Sory, 2023). It also encompasses exercises that entail jumping or lateral
(sideways) movements around obstacles (Ojeda-Aravena et al., 2021). This exercise is usually used in various
sports (Schaffarczyk et al., 2022) that require fast and agile lateral movements, such as football, basketball,
tennis, and others (Lin et al., 2012). This exercise aims to increase speed, coordination, leg muscle strength
(Syam et al., 2018), and body agility when performing lateral movements (Trisnowiyanto, 2016).

Plyometric exercises, including vertical or lateral jumps, box jumps, or other explosive movements
involving leg, hip, and lower body muscles, are integral to improving muscle strength, speed, and flexibility
(Anggraini Tiansi Dwi, 2023) (Spieszny & Zubik, 2018). This form of training enhances muscle strength, speed,
and explosive power across various sports (such as basketball, volleyball, soccer, and track and field) through
rapid, explosive muscle contractions followed by quick muscle contractions after a brief stretch (Hajj-Boutros et
al., 2023), (Spieszny & Zubik, 2018). Plyometric exercises usually consist of a series of jumping movements
performed in specific sequences (Lin et al., 2012; Poomsalood & Pakulanon, 2015) and often incorporate tools
like exercise ladders, jump boxes, or other surfaces to target specific leg muscles (Anggraini Tiansi Dwi, 2023;
Boraczy et al., 2023; Schaffarczyk et al., 2022). It is important to remember that plyometric exercises require
good coordination (Agi Ginanjar, Adang Suherman, Tite Juliantine, 2023; Lin et al., 2012; Poomsalood &
Pakulanon, 2015), and proper guidance and supervision are necessary to prevent injury (Hammami et al., 2021;
Hinde et al., 2021; Komarudin, 2021). Individuals should consult a trained fitness professional to ensure that
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plyometric exercises or physical activity are suitable and safe (Honold, 2017; Lubis, Fitrianto, et al., 2021)
(Hinde et al., 2021). Plyometric side jumps, a variation of plyometric exercise, aim to enhance strength, speed,
agility, and lateral body coordination (Putera et al., 2023) (Boraczy et al., 2023; Trisnowiyanto, 2016). These
jumps involve lateral movement from one side to another, often utilizing cones or markers as reference points
(Akbar et al., 2019; Ashar et al., 2021). The movement can encompass various patterns, such as zig-zag or side-
to-side jumps (Effendi et al., 2019; Wagner et al., 2021), and requires explosiveness, strength, and agility in the
leg and lower body muscles (Coratella et al., 2018). Sports that involve frequent changes of direction and lateral
movement, like basketball, tennis, and soccer, benefit from plyometric lateral jump exercises (Boby, F. A., 2023)
(Abidin et al., 2020; Boraczy et al., 2023; Lin et al., 2012; Spieszny & Zubik, 2018). To prevent injury and
optimize the benefits of these exercises, adequate warm-up, proper technique, and gradual difficulty progression
are crucial (Haqiyah et al., 2023; Irawan, 2017). It is recommended to perform these exercises under the
supervision of a qualified fitness instructor or trainer to ensure correct form and safety (Akbar et al., 2019; Aloui
et al., 2020). High-intensity interval training (HIIT) is a condensed form of exercise involving brief bursts of
intense activity followed by short recovery periods (Budig et al., 2022). HIIT can improve cardiovascular health,
promote effective fat burning, and sustain elevated metabolism post-workout (Hajj-Boutros et al., 2023;
Mardhika, 2019; Muhammad, 2023). Typically, HIIT sessions comprise multiple cycles of vigorous exercises
such as sprinting, rapid cycling, plyometric drills (e.g., jumping squats, burpees), or high-intensity weightlifting,
interspersed with brief rest periods (Dominski et al., 2021) (Lubis, Sukur, et al., 2021). This structured pattern
can be repeated according to prescribed workout plans (Lin et al., 2012; Sarkar et al., 2020; Spieszny & Zubik,
2018). HIIT has been proven to improve cardiovascular fitness and muscle strength relatively quickly. As a
result, this exercise has become increasingly popular among people looking for a quick way to improve their
physical fitness. The purpose of HIIT in Indonesian is to enhance overall physical fitness through a combination
of high-intensity exercises interspersed with brief rest periods (Kogak, 2020; Muhamad & Wibowo, 2022). HIIT
aims to achieve specific objectives, such as enhancing cardiorespiratory conditioning (Ojeda-Aravena et al.,
2021). HIIT exercises, which feature extended periods of exertion followed by short recovery intervals, can
effectively enhance cardiovascular and pulmonary endurance. General fitness enhancement: HIIT has been
shown to boost strength, endurance, speed, and flexibility. Regular and consistent participation in a HIIT
program can lead to improvements in various areas of physical fitness. Reduction of body fat: research indicates
that HIIT can effectively burn body fat in a shorter time frame. This can contribute to weight loss or a reduction
in body fat levels. Boosting metabolism: HIIT, with its short bursts of intense exercise, can increase the body's
metabolism, enabling it to burn more calories post-workout (Lubis et al., 2020; Schaffarczyk et al., 2022).

Time efficiency: HIIT has several advantages, including its ability to optimize heart rate. Heart rate is the
number of heartbeats per minute, commonly used to assess an individual's cardiac performance and overall
health status. Polar H10 is a popular heart rate sensor among athletes, runners, and fitness enthusiasts, enabling
them to monitor their heart rate during physical exertion (Himariotis et al., 2022; Hinde et al., 2021). Worn on
the chest, the Polar H10 utilizes advanced technology to accurately track heart rate, and its wireless connectivity
allows seamless integration with smartphones, sports watches, or other devices. Users can leverage
accompanying apps or devices to monitor and analyze heart rate data, optimizing performance during exercise
(Hernandez-Vicente et al., 2021; Himariotis et al., 2022; Ksiazek et al., 2023). The Polar H10 is known for its
extensive connectivity capabilities, precise heart rate measurement, and ease of use for various workouts or
sports. The impact of HIIT with lateral cone jumps on leg muscle explosive power has been a subject of interest
in sports science and physical therapy. Research has shown that HIIT can significantly improve leg explosive
strength (Javanmardi et al., 2021). Furthermore, HIIT has been found to enhance special qualities such as sprint
running, acceleration, vertical take-off, and explosive power, particularly in individuals with weak leg muscle
strength and insufficient explosive power (Huang, 2023). When employed as a form of HIIT, jumps can mitigate
cardiovascular deconditioning and yield similar beneficial effects on maximum oxygen uptake capacity and
cardiovascular health as traditional high-volume, moderate-intensity aerobic training (Kramer et al., 2017).

Plyometric training programs, such as hurdle-box jumps, have been proven to be highly effective in
enhancing the explosive power of both horizontal and vertical leg muscles and agility (Permana et al., 2022).
Furthermore, specific exercises such as lateral cone hops and hurdle hop training have been demonstrated to
impact leg muscle power, with hurdle hop training being more effective than lateral cone hop training (Akbar et
al., 2019). Additionally, plyometric exercises have been shown to substantially improve leg muscle explosive
power, enhancing athletes' performance in sports such as badminton (Syahriadi, 2020).

Furthermore, the literature emphasizes the significance of leg muscle strength and the rate of force
development on various athletic performances, including change of direction, speed, acceleration, and jumping
ability (Bimson et al., 2017). Moreover, plyometric depth jump training has been identified as more effective in
enhancing leg muscles' explosive power than plyometric rim jump training (Fitrianto et al., 2018). Additionally,
training to jump over a bar with added weight has been shown to significantly increase the explosive power of
leg muscles (Santika & Subekti, 2020). In conclusion, the literature supports the notion that HIIT, plyometric
exercises, and specific jump training regimens can effectively improve leg muscle explosive power, agility, and
cardiovascular health. Therefore, we hypothesize that HIIT with lateral cone jumps can impact leg muscle
explosive power.
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Materials and methods

This study employs an experimental design coupled with path analysis methodology. Data analysis is
facilitated through the utilization of SPSS to examine direct influences and the Sobel Calculator to assess
indirect influences. Specifically, the intervention involves performing lateral cone jump training while utilizing
the Polar H10 to gauge maximum heart rate, alongside measuring the frequency of cone clearance in pre-test and
post-test evaluations of leg muscle explosive power. The study included a sample of 40 high school female
students, each subject undergoing both pre-test and post-test assessments conducted with identical procedures to
ensure consistency and reliability of results.
Descriptive Analysis

Below are the findings from a descriptive analysis examining the frequency of jumps and the explosive
power of leg muscles among high school sports students before and after undergoing lateral cone jump training.

Table 1. Descriptive analysis results

Variable Lateral cone Minimum Maximum Average Standard
jumps deviation

Number of Jumps Before training 40.00 56.00 46.20 5.58
After practice 43.00 60.00 50.82 5.14

Explosive Power Before training 19.90 53.00 37.96 7.20

of Leg Muscles After practice 66.00 44.48 8.83

Table 1 presents the descriptive statistics for the number of jumps and leg muscle explosive power
before and after lateral cone jump training. Prior to training, the number of jumps ranged from a minimum of 40
jumps to a maximum of 56 jumps, with an average of 46 jumps. Following training, the range extended from a
minimum of 43 jumps to a maximum of 60 jumps, with an average of 51 jumps. Notably, the average number of
jumps increased post-training compared to pre-training. Regarding leg muscle explosive power, before engaging
in lateral cone jump exercises, the range spanned from a minimum of 19.90 kg.m/s to a maximum of 53.00
kg.m/s, with an average of 37.96 kg.m/s. Subsequently, following the lateral cone jump exercise regimen, the
range expanded from a minimum of 26.90 kg.m/s to a maximum of 66.00 kg.m/s, with an average of 44.48
kg.m/s. On average, leg muscle explosive power exhibited a noticeable increase after the training compared to
before the lateral cone jump regimen.
Test Path Analysis Assumptions

Before conducting path analysis, three assumptions must be satisfied: the residual normality test,
heteroscedasticity test, and multicollinearity test. These tests were performed on the path analysis model, which
encompasses two regression models: model 1 examines the relationship between lateral cone jumps and the
number of jumps, while model 2 explores the influence of lateral cone jumps and the number of jumps on leg
muscle explosive power.

Table 2. Path analysis assumption test results

Model Variable Normality test ~ Heteroscedasticity test Multicollinearity test
Lateral cone jump  Residual 0.200
exercise>Number of Jumps Lateral  Cone 0.277 TOLL: 1.000
Jumps VIF: 1.000
Lateral cone jump exercise, Residual 0.200
Number of Jumps>Explosive Lateral ~ Cone 0.949 TOLL: 0.840
Power of Leg Muscles Jumps VIF: 1.191
Number of 0.320 TOLL: 0.840
Jumps VIF: 1.191

Table 2 shows that the residuals in both models exhibit significance values exceeding a (0.05).
Consequently, it can be inferred that all residuals conform to a normal distribution. Furthermore, the
heteroscedasticity test for the first model demonstrates that the lateral cone jump training variable yields a
significance value surpassing a (0.05), suggesting the absence of heteroscedasticity. Similarly, in the second
model, both the lateral cone jumps and number of jumps training variables exhibit significance values greater
than o (0.05). Thus, it can be concluded that neither regression model in this study manifests heteroscedasticity.

Regarding the multicollinearity test, the tolerance values for the lateral cone jump training variable in the
first model exceed 0.10, while the VIF values are less than 10, indicating the absence of multicollinearity.
Similarly, in the second regression model, both the lateral cone jumps and number of jumps training variables
possess tolerance values exceeding 0.10 and VIF values less than 10, indicating no multicollinearity.
Consequently, it is confirmed that all three assumption tests have been met, enabling the continuation of path
analysis.

285
JPES ®  www.efsupit.ro



OCTAVIAN SERKA YUDHA PRATAMA, HARI SETIJONO, OCE WIRIAWAN, NINING WIDYAH KUSNANIK,
WIDIASTUTI, FIRMANSYAH DLIS, ARIDHOTUL HAQIYAH, FERRY YOHANNES WATTIMENA, TITIS PAMBUDI

Path Analysis
The objective of the path analysis in this study is to analyze the direct and indirect effects of lateral cone
jump training on the explosive power of leg muscles based on the frequency of jumps among high school girls.

Results

This study employs the path analysis method within an experimental framework, utilizing SPSS for
direct influence analysis and the Sobel Calculator for indirect influence assessment. The primary objective of
this plyometric training is to evaluate the jumping strength of high school female students under maximum
physical exertion conditions facilitated by the Polar H10. By administering pre-test and post-test assessments,
changes in strength and speed among female students are analyzed using SPSS V25.

1,609 (0.033)

| Number of Jumps

m(

4,625 (0.000)

Lateral Cone Muscle Explosive
Jumps Training Power
4,914 (0.013)
Information
Directinfpuence

Fig. 1 Research path analysis model
Coefficient of Determination
The coefficient of determination aims to quantify the collective influence of the independent variable on the
dependent variable.

Table 3. Coefficient of determination

Model R2
Lateral cone jumps—>Number of jumps 0.160
Lateral cone jumps, number of jumps—> Explosive power of leg muscles 0.190

To calculate the total coefficient of determination, the path analysis model utilizes the R-squared (R?) value,

employing the following formula:
Py = o ’ 1- Rlz

P, = VI— 0160 = 0916

Py, = ’1— R2

P,, = VI— 0.190 = 0,900

Total coefficient of determination:
R%’z =1-P eZlP ezz

RZ =1— (0.9162) (0.900%) = 0.320

Therefore, the total coefficient of determination from path analysis is 0.320. This signifies that the
combined influence of the lateral cone jump training variables and the number of jumps on leg muscle explosive
power accounts for 32% of the variance, while the remaining 68% is attributed to other variables not
encompassed in the research (Poomsalood & Pakulanon, 2015). Referring to established R-squared values of
0.67 (strong), 0.32 (moderate), and 0.19 (weak), the coefficient of determination of 0.32 in this study places the
research model within the moderate or medium category in terms of strength.

Discussion

HIIT is commonly employed to enhance cardiovascular fitness, promote fat loss, and build strength
(Komarudin, 2021; Pairi Peprianti, Riswanto Heri, 2023; Siregar Indra Yan, Nurkadri, Rohaya Nirwana, Muda
Sory, 2023). This form of training encompasses a variety of activities such as running, cycling, jump rope
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exercises, and strength training (Irawan, 2017, Muhammad, 2023; Pattisina & Hamidie, Ronald, 2023).
Plyometric movements, characterized by rapid muscle contractions followed by powerful ones, are integral to
HIIT (Duchateau & Amiridis, 2023; Hammami et al., 2018; Mitchell, 2017). The objective of the lateral cone
jump exercise is to enhance the explosive power of leg muscles, typically achieved through swift movements
that rely on muscle strength and tendon elasticity. The Polar H10 monitoring device facilitates heart rate
measurement during physical activities by connecting to a PC or a smartphone for data tracking (Gasior et al.,
2022; Hajj-Boutros et al., 2023; McCabe & Greer, 2023). The impact of lateral cone jump exercises on leg
muscle explosive power, mediated by the frequency of jumps, can be assessed using the Sobel test. Below, we

present the results of the Sobel test.
mediator
variable

[ 8
(SEN (SE,)
independent | dependent
variable variable

A: |F0
B:[0348 |@
SEa: [1.199 [@
SEg: [0.167 |@©

Calculate!

Sobel test statistic: 1.83340708
One-tailed probability: 0.03337103
Two-tailed probability: 0.06674206

Fig. 2 Sobel test parameters
Indirect Influence
The influence of lateral cone jump exercise on the explosive power of leg muscles through the number

of jumps made can be calculated using the Sobel test. Presented below are the results of the Sobel Test.

Table 4. Indirect effects analysis results

Connection Coefficient p-value

Lateral cone jump exercise>Number of jumps—>Explosive power of 1.609 0.033
leg muscles

Based on the results of the Sobel test, it is evident that the significance value is 0.033 < a (0.05),
indicating that lateral cone jump exercises significantly influence the explosive power of leg muscles through the
number of jumps performed by high school sports students. Moreover, the effect of lateral cone jump training on
the explosive power of leg muscles, mediated by the number of jumps executed by students, is positive. This is
discernible from the positive coefficient observed. Consequently, this suggests that following lateral cone jump
training, the number of jumps tends to increase compared to pre-training levels, thereby resulting in higher
explosive power of the leg muscles.

Direct Influence
The results of path analysis for direct influence analysis are presented in Table 3 below.

Table 5. Direct effect analysis results

Connection Coefficient p-value
Lateral cone jump exercise>Number of jumps 4.625 0.000
Lateral cone jump exercise>Explosive power of leg muscles 4914 0.013
Number of jumps—>Explosive power of leg muscles 0.348 0.040

Independent variable: lateral cone jump exercise. Dependent variable: leg muscle explosive power. Mediating
variable: number of jumps.

From the results of this analysis, it is evident that the significance value of the lateral cone jump training
variable on the number of jumps is 0.000 < a (0.05). This indicates that lateral cone jump training significantly
influences the number of jumps that can be performed by high school sports students. The positive coefficient
associated with the lateral cone jump training variable suggests that after completing lateral cone jump training,
the number of jumps tends to increase compared to pre-training levels.
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Similarly, in the case of the lateral cone jump training variable on leg muscle explosive power, the
significance value is 0.013 < a (0.05). This signifies that lateral cone jump training exerts a significant effect on
leg muscle explosive power among high school sports students. The positive coefficient further implies that
following lateral cone jump training, there is an increase in leg muscle explosive power compared to pre-training
levels (Herbert, 2009; Lin et al., 2012; Poomsalood & Pakulanon, 2015). This indicates a positive impact of
lateral cone jump training on the explosive power of leg muscles.

Conclusions

Lateral cone jump exercises are plyometric exercises involving movements over cones. HIIT aims to
enhance cardiorespiratory fitness, burn fat, and boost muscle strength within a condensed timeframe. Following
the completion of lateral interval cone jump exercises by 40 high school female students, it was observed that the
variable "number of jumps" significantly affects the explosive power of leg muscles among high school sports
students, with a significance level of 0.040 < o (0.05). The total coefficient of determination derived from path
analysis is 0.320, indicating that 32% of the variation in leg muscle explosive power can be attributed to the
influence of lateral cone jump training variables and the number of jumps, while the remaining 68% is
influenced by external variables not accounted for in the research model. With a coefficient of determination of
0.32, the strength of this research model is moderate or medium. The positive coefficient associated with the
number of jumps suggests that an increase in jumps correlates with the higher explosive power of leg muscles. In
essence, a higher frequency of jumps leads to enhanced explosive power in leg muscles.
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