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Abstract

This study investigated the effects of six weeks (three days per week) of plyometric training using traditional set
(TS) and cluster set (CS) methods on several physical and physiological parameters in female handball players
from the 2nd League. Twenty-three female athletes aged 12-15 participated, with 12 in the traditional set group
(TSG) and 11 in the cluster set group (CSG). Pre- and post-tests measured physical characteristics (age, height,
weight), vertical jump (V]), standing long jump (SL]), reactive agility test (RAT), 10m-30m speed test (ST), Pediatric
RAST (PRAST) test, leg strength (LS), and back strength (BS). Data were analyzed using SPSS 22.0, with a
significance level of p<0.05. Shapiro-Wilk's test assessed normality. Paired t-tests or Wilcoxon tests compared pre-
and post-test results within groups, while independent samples t-tests or Mann-Whitney U tests compared groups.
The difference between pre- and post-test scores was used to evaluate training effects. Results showed no
significant changes in V], 30m speed, fatigue index, and leg strength in the TSG. However, the CSG showed
significant improvements in V], reactive agility (RAT), 10m and 30m speed, and leg strength. Percentage changes
(PC) were also higher in the CSG compared to the TSG. In conclusion, the CS method appears to be an effective
training approach for improving the performance of these young female handball players.

Keywords: Handball, Cluster Set Method, Plyometric Training, Strength.

Ozet

Kadin Hentbolcularda Cluster Set Yontemi ile Uygulanan Pliometrik Calismalarin Baz1 Fiziksel ve Fizyolojik
Parametreler Uzerine Etkisi

Bu ¢alismanin amaci 2. Ligde oynayan kadin hentbolcularin pliometrik antrenmanlarinda geleneksel set
yontemi (GSY) ve cluster set yontemi (CSY) uygulanarak 6 hafta (haftada 3 giin) sonunda pliometrik
antrenmanlarin bazi fiziksel ve fizyolojik parametreler {izerine etkisi incelemektir. Calismaya 12-15 yaslarinda 12
kisi geleneksel set grubu (TSG) ve 11 kisi cluster set grubu (CSG) olmak tiizere toplam 23 kadin sporcu katildi.
Arastirma kapsaminda, TSG ve CSG fiziksel 6zellikleri (yas, boy uzunlugu, viicut agirligt), dikey sigrama (DS),
durarak uzun atlama (DUA), reaktif ¢eviklik testi (RCT), 10m-30m stirat testi (ST), Pediatrik RAST (PRAST) testi,
bacak kuvveti (BK), sirt kuvveti (SK) 0On test ve son test seklinde 6l¢iimleri alindi. Verilerin analizinde SPPS 22.0
programi kullanildi. Istatistiksel islemlerde giiven araligi p<0,05 kabul edildi. Calisma sonucunda bulunan
tanimlayici istatistiklerin normal dagilim olup olmadig1 Shapiro Wilk’s testi ile anlasildi. Gruplarin 6n test ve son
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test sonuglar: arasindaki farkliligi belirlemek i¢in normal dagilima uygun degiskenlerde eglestirilmis t-testi,
uymayanlarda ise Wilcoxon testi uygulandi. Gruplar arasi farkliliklarin normal dagilima uygun degiskenler igin
Bagimsiz Orneklem t-testi, uygun olmayanlar i¢cin Mann Whitney U testi uygulandi. Antrenman verilerini
degerlendirmek icin 6n test son test arasindaki fark alindi. Incelenen parametrelere bakildiginda GSY’de gore DS,
30m Siirat, Yorgunluk ind., ve Bacak kuvvetinde ( anlaml degisiklik yok iken, CSG de DS, Reaktif ¢eviklik, (RC),
10 m ve 30 m Siirat ve Bacak kuvvetinde anlamlilik goriilmiistiir. Yiizdesel degisimlerde ise CSG'nin TSG ye gore
daha ytiksek oldugu gozlemlenmistir. Sonug olarak; CSY'nin sporcularin gelisim seviyelerinde etkili bir yontem
oldugu diistiniilmektedir.

Anahtar Kelimeler: Hentbol, Cluster Set Yontemi, Pliometrik Antrenman, Kuvvet.

INTRODUCTION

Sports are physical and motor activities performed individually or in teams, governed by specific
competition rules and undertaken without personal gain (31). Studies have shown that strength, as a physical
attribute, significantly impacts performance in various sports disciplines. Applying scientific methods to
enhance athletes’ performance has facilitated substantial advancements. Improvement in technical skills,
speed, anthropometric measurements, and physiological conditions is essential across all sports disciplines
9).

Handball is a sport that involves various movements performed simultaneously, intending to gain a
competitive edge over opponents (3). The game has evolved from a slow-paced activity to a fast and modern
sport due to changes in the rules. Athletes now execute a wide range of movements, such as running, passing,
and changing direction quickly (6). Over the years, modern training methods have been adopted to achieve
higher performance levels (37).

To attain optimal performance in handball, a widely practiced and widespread sport, it is essential to
enhance training characteristics, thoroughly understand the impact of training on the body, and develop the
motor abilities of the athletes (34).

In handball, various methods enhance anaerobic performance during training, which demands
general and specific endurance, short and long-distance sprints, pushing, blocking, jumping, and accurate
shooting. One of these methods is plyometric training, which is recognized for improving movement speed,
force adaptation, and muscle strength through various exercises (18). Plyometric training for strength
development enhances intramuscular coordination and neuromuscular harmony. It provides a protective
effect against injuries and improves athletic performance by ensuring joint stabilization (25). Numerous
studies have been conducted on plyometric training, and it has been concluded that these studies positively
affect anaerobic power and explosive strength (26).

Recent research indicates that the developmental values derived from the effects of applied training
on physical and physiological parameters can be measured, and test results can be obtained. Integrating
modern scientific advancements and technological devices into sports illustrates the physiological changes
induced by plyometric training on athletes and the impacts of these changes. Furthermore, this integration
reveals that some practices previously considered correct contain incomplete information and that more
accurate effects can be achieved through scientific advancements (24).

In addition to traditional training methods, recent years have seen the emergence of new approaches.
One notable example is the cluster set method (CSY), which has garnered attention in contemporary research
and training applications. Unlike the traditional set method (GSY), which involves continuous application
with long rest breaks between consecutive repetitions, the CSY method employs shorter, more frequent rest
intervals within sets. Research indicates that strength development is less pronounced with low set numbers
in GSY training, whereas higher set numbers result in more significant strength gains (5). In addition to GSY,
changes in the application of sets developed by researchers have proven effective in contributing to strength
development. This new method, known as CSY (Cluster Set Method), involves dividing sets into smaller
subsets with short rest intervals between them (16). These rest periods, typically ranging from 10 to 30 seconds,
are intended to allow the practitioner to reach the desired level between repetitions and to achieve a higher
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performance level in subsequent repetitions, with these developments, new the method is called CSY (5, 16).
These methods enhance strength development and athletic performance (32).

This study aimed to investigate the effects of six weeks of plyometric training, using traditional and
cluster set methods, on various physical and physiological parameters such as vertical jump height, speed,
agility, and strength in female handball players aged 12-15 years.

METHOD

Research Model

The study was designed to span six weeks, with training sessions conducted three days per week.
Measurements were obtained using an experimental modeling method, including pre-test and post-test
assessments. A total of 23 participants were randomly assigned to two distinct groups, with one group
undergoing GSY and the other CSY.

The groups continued their training in a designated gymnasium and at scheduled times under the
supervision of a trainer. The athletes performed the prescribed plyometric exercises three times a week, with
at least one rest day following each training session, for six weeks, divided into GSY and CSY groups.

Research Group

The study sample comprised 23 female athletes, aged between 12 and 15 years, all of whom held an
athlete license with Kastamonu Esan Akii Merkez Secondary School Sports Club and participated in handball
at the 2nd League level. Of these, 12 were assigned to the GSY (control) group and 11 to the CSY (experimental)
group.

Implemented Training Program

In the TSY and CSY training programs, athletes followed a prescribed number of sets and repetitions
during the first four weeks. In the final two weeks, the number of sets remained constant while the number of
repetitions was increased according to the principle of progressive overload. This approach led to an
intensified training regimen in the latter part of the program.

Traditional Set Method

The six-week plyometric training program (18 sessions) employed a traditional set (TS) methodology.
During the initial four weeks, each exercise consisted of three sets of nine repetitions. Weeks five and six
incorporated a progressive overload paradigm, maintaining three sets per exercise but increasing the
repetitions to twelve. Inter-exercise rest intervals were standardized at 60 seconds, with a 120-second rest
period specifically designated for half burpees.

Cluster Set (Dividing Set into Sets) Method

The CSY strength training program was conducted over six weeks, encompassing 18 training days.
During the program, exercises were organized into three sets with three repetitions, following the details
specified in Table 3 and Table 4. Rest periods within sets were set at 10 seconds, with transition times between
movements established as 40 seconds. For half burpees, rest periods within sets were 20 seconds, and
transition times between movements were 80 seconds. Athletes monitored their training intensity using heart
rate measurements, calculated with the formula:

Heart Rate=(220-Age)x(Percentage of Intensity).

Measurement Instruments

Data were collected using pre- and post-tests administered to all participants before and after the six-
week training program. Participants' ages were obtained from their national identity cards. Height was
measured using a stadiometer. Body weight was measured using electronic scales, with participants wearing
only sports shorts and a t-shirt and barefoot. Vertical jump, T-test agility, 10m-30m speed and acceleration,
reactive agility, and the Pediatric RAST (Running-Based Anaerobic Sprint Test) were assessed using a Newtest
Powertimer 300. Leg strength was measured using a Takei (Tkk-5402 Back-D/JAPAN) brand dynamometer,
and standing long jump was also assessed.
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Ethical approval and institutional permission

Approval was obtained from the Kastamonu University Medical Faculty Clinical Research Ethics Committee
for conducting the study. Before commencing the study, participants were provided with an 'Informed
Consent Form' and a Parental Consent Form' detailing the study's scope and information, which they were
asked to complete. Our descriptive study was approved by the Non-Interventional Clinical Research Ethics
Committee of Kastamonu University Faculty of Medicine (Decision No: 2022-KAEK-129).

FINDINGS

A total of 23 female athletes aged 12-15 participated in the study, 12 of them in the traditional set group and
11 people in the cluster set group. The participants' height was determined as 156.08+5.02, and their body
weight was determined as 53.92+7.16.

Table 1. In-group vertical jump change results

n Xxss t P
Pre-test 27,52+3,61
TSG - V] (cm) — 0 12 -0,62 0,55
Post-test 27,80+3,97
Pre-test 27,36+5,63
CSG - V] (cm) — 11 -2,42 0,04*
Post-test 28,77+4,42

(p<0,05)

*TSG; Traditional set group, CSG Cluster Set Group, VJ: Vertical Jump

CSY V] measurements showed 27.36+5.63 cm in the pre-test and 28.77+4.42 cm in the post-test and a
statistically significant difference between the pre-test and post-test values (p<0.05).

Table 2. Intra-group reactive agility test change results

n Xxss t p
Pre-test 2,49+0,23
TSG RAT (sn) —_— 12 3,87 0.00*
Post-test 2,18+0,27
Pre-test 2,49+0,24
CSG RAT (sn) —_— 11 6,43 0.00*
Post-test 2,01+0,19

(p<0,05)

*TSG; Traditional set group, CSG Cluster Set Group, RAT; Reactive Agility Test

When looking at the reactive agility intra-group test results in both groups; significant differences
were observed (p<0.05).

Table 3. Reactive agility test change results between groups

TSG CSG
T =12 =11 t
SG (n=12) CSG (n=11) P Change %
RAT Pre- 49+ 49+0,24 -0,21
(sn) re-test 2,49+0,23 2,49+0,2 0,2 0,98 %14,22 %23,88
RAT (sn) Post-test 2,18+0,27 2,01+0,19 1,77 0,09

When the percentage change in the findings is examined, it is seen that the increase in CSG is higher
than in TSG.
Table 4. Intra-group speed test change results

n Xtss t p
Pre-test 2,10+0,24
ST 10 m (sn) — 12 4,59 0,00*
Post-test 1,77+0,28
TSG
Pre-test 5,29+0,53
ST 30 m (sn) —_— 12 5,27 0,00*
Post-test 5,19+0,48
Pre-test 2,12+0,27
ST 10 m (sn) — 11 1,94 0,08
Post-test 1,72+0,24
CSG
Pre-test 5,26+0,36
ST 30 m (sn) — 11 2,74 0,02*
Post-test 5,11+0,36

(p<0,05)
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*TSG; Traditional set group, CSG Cluster Set Group, ST; Speed Test
When the 10 m speed within-group test results were examined in both groups; significant differences were
observed. When the 30 m within-group test results were examined, there was no significant difference in TSG,
but a significant difference was observed in CSG (p<0.05).

Table 5. Speed test change results between groups

TSG CSG
TSG (n=12 CSG (n=11 t
(n=12) (n=11) P Change %

Pre-test 2,10+0,24 2,12+0,27 053 0,14

ST 10 m (sn) re-tes - * %18,64 %23,25
Post-test 1,77+0,28 1,72+0,24 041 0,69
Pre-test 5,29+0,53 5,26+0,36 016 0,88

ST 30 m (sn) rees %1,92 %2,93
Post-test  5,19+0,48 5,11:0,36 045 0,66

When the interaction between the groups is examined; while there is no significance in the speed test results,
it is seen that CSG is higher than TSG in percentage changes(p<0.05).

Tablo 6. Intra-group PRAST test change results

n Xxss t P
Pre-test 1424,51+441,49
Minimum (watt) —_— 12 -2,64 0,02*
Post-test 1688+576,41
) Pre-test 2522,37+797,65
Maximum (watt) —————— 12 -4,49 0,00*
TSG Post-test 3427,81+1147,28
Pre-test 1818,32+564,08
Mean (watt) — 0 12 -3,95 0,00*
Post-test 2264,16+677,15
Pre-test 34,82+9,71
Fatigue Index (watt) —_— 12 -1,41 0,22
Post-test 50,43+19,36
Pre-test 1351,74+304,91
Minimum (watt) —_— 11 -2,17 0,06
Post-test 1600,62+502,55
Pre-test 2222,64+574,95
Maximum (watt) S ——— Y | -4,05 0,00*
cSG Post-test 3788,82+1317,91
Pre-test 1721,60+401,52
Mean  (watt) ———————— 11 -9,03 0,00*
Post-test 2485,25+565,11
. Pre-test 41,77+18,29
Fatigue Index (watt) — 11 -3,06 0,02*
Post-test 75,20+£15,95
(p<0,05)

*TSG; traditional set group, CSG Cluster Set Group, PRAST; Pediadric Rast Test
When PRAST results are examined, TSG' While significant differences were observed in Min, Max and Mean
values, no significance was observed in the fatigue index. When the CSG results are examined, while the min
value is not significant, significance is observed in max, mean and fatigue index.
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Table 7. PRAST test change results between groups

TSG CSG
TSG (n=12 CSG (n=11 t
(n=12) (n=11) P Change %
Mzrv‘v‘:t‘t‘;m Pre-test 1424,51+441,49 1351,71+304,91 046 0,65
watt) %1849 %1847
Post-test 1688+576,41 1600,62+502,55 039 070
(watt)
M?:Vl:tlt‘)lm Pre-test 2522,37+797,65 2222,64+574,95 1,02 032
Maximum I e
Post-test 3427+1147,28 3788,82:131791 0,70 0,49
(watt)
A(‘;:;fge Pre-test  1818,32:564,08 1721,60:401,52 047 064
. %2451  %44,35
varage Post-test  2264,16:677,15 2485,25+565,11 -0,85 041
(watt)
o
| ratigue Pre-test 34,82+9,71 41,77+18,29 129 021
Index (watt) %44,83 %80
_ Fatigue Post-test 50,43+19,36 75,20+15,95 253 0,03
Index (watt)
(p<0,05)

When the percentages of interaction between groups are examined, there is no percentage difference between
TSG and CSG in Min values, while percentage differences are seen in max, mean and fatigue indices.

Table 8. Leg strength test change results within the group

n Xxss t p
Pre-test 86,25+12,78
TSG - LS (cm) 12 -1,61 0,14
Post-test 92,33+18,25
Pre-test 72,52+12,71
CSG - LS (cm) reres 11 3,69 0,00%
Post-test 87,27+24,06

(p<0,05)
*TSG; traditional set group, CSG Cluster Set Group, LS; Leg Strenght
When looking at the leg strength values within the group, no significant difference was observed in

TSG, while a significant difference was observed in CSG results.

Table 9. Leg strength test change results between groups

TSG CSG
T =1 =
SG (n=12) CSG (n=11) t P Change %
LS (kg) Pre-test 86,25+12,78 72,52+12,71 2,58 0,02* o7 %20
LS (kg) Post-test 92,33+18,25 87,27+24,06 0,57 0,57

(p<0,05)
When looking at the percentage interaction between groups; It is observed that Csg results are higher.

DISCUSSION AND CONCLUSION

This study examined the impact of plyometric exercises, applied to both GSY and CSY groups for 6
weeks (3 days a week) and regular handball training, on various physical and physiological fitness parameters
in female handball players aged 12-15. The results, derived from measurements of 23 athletes (11 in CSY and
12 in GSY), were analyzed by comparing data within and between groups.

Before the training period, the groups were homogeneous, with no significant differences in age, body
weight, or height. In addition to anthropometric measurements, various tests, including VJ, SLJ, RAT, 10 m
and 30 m ST, PRAST, LS, and BS, were conducted before and after the training.

A literature review revealed a scarcity of studies focusing on the effects of plyometric training in the
handball branch for the CSY method. This highlights a gap in research, suggesting the need for further
investigation into the benefits and efficacy of plyometric training, specifically within this context.
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When we look at the studies examining the relationship between plyometric training and VJ in the
literature,

Diallo et al. (7) investigated the effects of plyometric training on V] performance. The study was
conducted with 20 boys aged 12-13 years, and significant differences in V] results were found in the
experimental group. In their study, Lawton et al. (21) showed 26 young male basketball players and football
players were made to bench press with a maximum of 6 repetitions with weights. It was stated that the findings
obtained in CSG showed more improvement than those obtained in TSG. It was stated that CSG reached a
more anaerobic level than TSG in repeated squat jumps.

In the study by Ates and Atesoglu (2), the effects of plyometric training on physical and physiological
parameters were examined in male football players aged 16-18. A total of 24 players participated, divided into
a control group (CG) with 12 players and a workout group (WG) with 12 players. Over 10 weeks, with training
sessions held twice weekly, the CG underwent standard football training, while the WG received additional
plyometric training. The results indicated that the WG experienced positive improvements in vertical jump
(V]) values compared to the CG.

In a review study by Eduardo et al. (10), 56 studies were analyzed to assess the effects of plyometric
training on vertical jump (VJ]) development. The review concluded that plyometric training positively
enhances V] performance, as evidenced by evaluating the studies included.

Hansen et al. (17) examined the strength development of elite-level rugby players during the pre-
season preparation period. 18 athletes were divided into two groups as TSG (n = 9) and CSG (n = 9). Both
groups underwent 8-week lower body resistance training. According to the findings, while the two groups
had a significant difference in strength and jump development, no statistical difference was found between
the groups.

In their study, Moreno (28) performed two different applications of the acute effect of CSG in
plyometric training. In the first application, CSG was performed as 30 seconds rest and 4 sets of 5 repetitions,
and the second CSG was performed as 10 seconds rest and 10 sets of 2 repetitions. TSG was trained with 90
seconds of rest and two sets of 10 repetitions. The results related to V] parameters were analyzed. According
to the findings, it was concluded that the second CSG method performed more V] than the first CSG and TSG.

In a study by Morales et al. (27), 19 male athletes were divided into CSG and TSG groups. The study
investigated the effects of the training methods on strength development in both groups. The findings
suggested that the CSG approach was more effective for strength and power development. Specifically, the
speed loss between the first and sixth repetitions was 0.5% for the CSG group, compared to 3.5% for the TSG
group.

Bavli (4) investigated the impact of plyometric exercises on vertical jump (V]) development in
basketball training. The study included 24 male basketball players with an average age of 20.7+2.6 years,
divided into a control group (CG, n=12) and a workout group (WG, n=12). The WG performed plyometric
exercises for 30 minutes following their basketball training, while the CG participated only in basketball
training. V] measurements were recorded before and after the study. The results indicated a statistically
significant improvement in V] development for athletes who engaged in plyometric exercises.

Our research analyzed the V] change results for the GSY and CSY groups. No statistically significant
difference was found within or between the GSY groups. However, a statistically significant difference was
observed within the CSY group (p<0.05). Between the groups, V] improvement was 1.01% for GSY and 5.15%
for CSY. Literature indicates that plyometric training generally leads to positive increases in V] development,
though some studies report no differences between groups. Our findings suggest that CSY plyometric training
had a more substantial effect on V] development than GSY.

When the studies in the literature examining the relationship between plyometric training and RAT
are examined;

In the study by Donmez (8), five female and 15 male athletes aged 18-21, all licensed and engaged in
wushu, participated. The study investigated the effects of plyometric training on jumping and agility
parameters. After eight weeks of plyometric training, statistically significant differences were observed in the
male group's reactive agility test (RCT) results. The study concluded that plyometric training positively
influenced agility performance in both men and women.

Matlak et al. (23) investigated the effects of reactive agility training (RTT) on performance in 15
amateur football players, finding a significant improvement in RTT performance. In a separate study by Erdem
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and Yazar (11), 40 athletes aged 16-17 years were divided into two groups: a control group (CG) that continued
traditional football training and a workout group (WG) that underwent futsal-specific training for eight weeks
(3 days a week). Data analysis using the reactive agility test (RCT) showed that the WG, which engaged in
futsal-specific training, exhibited more substantial positive development than the CG.

Topal (35) explored the effects of two different resistance training programs combined with plyometric
training on performance parameters in basketball. The study involved 40 male basketball players aged 15-18.
Reactive agility test (RCT) parameters were measured before and after the training. The findings indicated
that both plyometric and resistance plyometric training were effective in improving reactive agility. Our
research examined the RCT change results for GSY and CSY groups. A significant difference was found within
the CSY group, but no statistically significant difference was observed. Between-group analysis showed a
14.22% increase in the GSY group and a 23.88% increase in the CSY group. Literature suggests that plyometric
training enhances RCT performance. Our findings indicate that the CSY group's improvement was greater
than the GSY group's.

When examining the literature on the relationship between plyometric training with Cluster Set Group
(CSG) and short-distance speed tests, including the 10-meter (ST 10 m) and 30-meter (ST 30 m) speed tests:

Iacono et al. (19) reported that their study significantly improved the 10-meter speed test (ST 10 m)
results among elite handball players who underwent high-intensity interval training. This indicates that high-
intensity interval training effectively enhances short-distance speed performance.

In his study, Oner (30) investigated the effects of plyometric and resistance training on motor skills
and performance in female tennis players. The study involved 36 participants aged 11-13, divided into three
groups: a control group (CG, n=12), a resistance training group (DA, n=12), and a plyometric training group
(PA, n=12). The CG continued their regular tennis training, while the DA and PA groups received additional
resistance and plyometric training for 10 weeks (3 days a week) before their tennis sessions. Pre- and post-test
measurements for the 10-meter speed test (ST 10 m) were conducted. The results showed that the ST 10 m
averages were significantly higher in both the DA and PA groups compared to the CG. The study suggests
that speed performance can be enhanced through both resistance and plyometric training.

In his study, Erol (12) conducted quick strength and plyometric training with a total of 28 basketball
players aged 16 to 18, divided into a workout group (WG, n=14) and a control group (CG, n=14) over eight
weeks. Pre- and post-test measurements were taken, revealing a statistically significant improvement in the
WG's 30-meter speed test (ST 30 m) times. Similarly, Samur (33) investigated the effects of plyometric training
on male volleyball players' vertical jump strength and performance. The study found a statistically significant
improvement in ST 30 m performance for the workout group, with pre-test values of 4.36 + 0.06 seconds and
post-test values of 4.30 + 0.05 seconds.

In the study of Gengay (14), when the averages of the ST 30 m results were compared in the

measurements taken before and after the training of 15 athletes who participated in an 8-week plyometric
training program, it was found that there was a statistically significant improvement in the athletes who
performed plyometric training.
In his study, Turgut (36) investigated the effects of 8 weeks of plyometric training on balance, sprint, and
anaerobic power performances in 40 male handball players aged 15-18. The study involved a workout group
(WG, n=20) and a control group (CG, n=20). The WG participated in plyometric training before their regular
handball sessions for eight weeks (3 days a week), while the CG continued their regular handball training.

The results indicated a notable improvement in sprint performance. Specifically, the 30-meter speed
test (ST 30 m) times improved from 6.08 seconds in the pre-test to 5.28 seconds in the post-test. The study
concluded that plyometric training effectively enhanced sprint performance and could be valuable to athlete
development.

In our research, when examining the changes in the 10-meter (ST 10 m) and 30-meter (ST 30 m) speed
test results for both the TSG and CSG groups, significant improvements were observed within each group.
However, no statistically significant difference was found between the two groups.

Analysis revealed that the cluster set group (CSG) demonstrated greater percentage increases in speed
compared to the traditional set group (TSG). Specifically, the CSG showed a 23.25% improvement in the 10-

Turkish Journal of Sport and Exercise /Tirk Spor ve Egzersiz Dergisi 2024 26(3):476-487 483
2024 Faculty of Sport Sciences, Selcuk University



Sinan BUYURUKLY Dreid 10- D00F-0005-6103-9843 / Mustata KEREM Orcid 10: 0000-0001-7861-2339

meter sprint test, exceeding the TSG's 18.64% improvement. Similarly, while the TSG showed a 1.92% increase
in the 30-meter sprint test, the CSG exhibited a larger improvement of 2.93%.

Literature supports that plyometric training can enhance speed test performance. Our findings align
with these studies, indicating that the CSG group's improvement was greater than the TSG group's, reflecting
a more pronounced benefit from plyometric training.

When we look at the studies in the literature examining the relationship between plyometric training
and PRAST,

Ara et al. (1) discovered that boys who engaged in regular sports activities before adolescence
exhibited higher anaerobic capacity and power values than those who did not participate in sports.

Similarly, Obert et al. (29) reported a 23% increase in maximum anaerobic power values in pre-
adolescent children following 13 weeks of aerobic training.

In the study by Kurban and Kaya (20), boys aged 10-13 underwent eight weeks of basic technical
football training. The results indicated improved anaerobic power values, demonstrating that the technical
training positively impacted their performance.

Lokliioglu (22) examined the anaerobic performances of children and adolescents involved in various
sports. The study included 104 athletes aged 10-16 from different sports disciplines. The findings highlighted
the high reliability of the RAST and PRAST anaerobic performance evaluations for children and adolescents.

Our research analyzed the changes in PRAST results for both TSG and CSG. Statistically significant
differences were observed in the fatigue (post-test) values within and between the groups, except for the
minimum (CSG) and fatigue (TSG) measurements. The percentage changes between the groups were as
follows: Minimum Watt: TSG increased by 18.49% and CSG by 18.47%. Maximum Watt: TSG increased by
35.89% and CSG by 70.46%. Average Watt: TSG increased by 24.51% and CSG by 44.35%. Fatigue Watt: TSG
showed an increase of 44.83%, and CSG showed an increase of 80%. The results indicate a more significant
change in maximum, average, and fatigue watts in the CSG group compared to the TSG group. This finding
aligns with literature suggesting that regular sports participation before adolescence contributes to higher
anaerobic capacity and power values.

When we look at the studies in the literature examining the relationship between plyometric training
and LS;

In the study by Ates and Atesoglu (2), 24 football players aged 16-18 were divided into two groups:
the control group (KG) and the plyometric group (WG). The KG continued their regular football training,
while the WG received additional plyometric training twice a week for 10 weeks. The results indicated that
bench press strength improved by 5.74 kg in the KG and 22.16 kg in the WG. When comparing the groups, the
plyometric training was found to improve bench press strength more than the regular training alone.

In the study by Yarayan (38), a total of 40 male football players aged 13-14 were divided into two
groups: the control group (CG) and the plyometric training group (WG). Over eight weeks, the effects of
plyometric training on parameters such as vertical jump height, speed, strength, and agility were examined.
The results showed a statistically significant improvement in bench press strength in the WG compared to the
CG, indicating that plyometric training had a more pronounced effect on strength development. Similarly,
Giizel (15) conducted a study with 50 female volleyball players, divided into the control group (CG) and the
plyometric training group (WG). Plyometric training was applied to the WG for eight weeks. The study found
that the WG exhibited significant improvements in strength, with pre-test and post-test mean values for
strength increasing from 45.58+14.49 to 53.20+13.59. Additionally, plyometric training was found to impact
strength and increase BMI positively.

In the study by Erzeybek et al. (13), male basketball athletes aged 19-24 were divided into three groups,
each consisting of 10 participants: a basketball group, a korfball group, and a control group (CG). The CG
continued their everyday activities, while the basketball and korfball groups underwent plyometric training
for eight weeks, three days a week. The findings revealed that the basketball group experienced a significant
improvement in bench press strength, with a final result of 29.34 kg. In comparison, the korfball group showed
a result of 11.14 kg, and the control group demonstrated a result of 5.6 kg. The plyometric training applied to
the basketball players led to better strength development than the training provided to the korfball and control
groups.
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The results obtained from the study investigating the effects of plyometric exercises applied with the
Cluster Set Method (CSY) on various physical and physiological parameters in female handball players are
summarized below. When examining the pre-test and post-test results for the CSG group:

Although the statistical changes in the vertical jump (V]) results were significantly different within the
groups, no significant difference was found between the groups. The change percentage (PC) distribution
between the groups showed an increase of 1.01% for TSG and 5.15% for CSG. This indicates that the effect of
plyometric training with the Cluster Set Method (CSG) is greater than the traditional set method (TSG) in
improving vertical jump performance.

Although there was a statistically significant difference in reactive agility test (RCT) results within
each group, no significant difference was observed. The percentage increase (PC) between groups was 14.22%
for TSG and 23.88% for CSG. The study found that the development level in the Cluster Set Method (CSG)
was higher than the traditional set method (TSG) in terms of improvement in reactive agility.

Although there was a statistically significant difference in the 10 m sprint test (ST 10 m) results within
each group, no significant difference was found between the groups. The percentage increase (PC) between
groups was 18.64% for TSG and 23.25% for CSG, with a higher increase in CSG. Similarly, for the 30 m sprint
test (ST 30 m), although there was a statistically significant difference within each group, no significant
difference was found between the groups. The percentage increase (PC) between groups was 1.92% for TSG
and 2.93% for CSG, with CSG showing a greater increase than TSG.

When examining the changes in the Peak Running Anaerobic Sprint Test (PRAST) results, statistically
significant differences were found for PRAST maximum, average, and fatigue values within each group.
Significant differences were noted between the groups for PRAST fatigue (post-test) values.

Percentage changes in leg strength parameters revealed some notable differences between groups.
While minimum power output showed similar increases (18.49% for TSG and 18.47% for CSG), the CSG
demonstrated significantly greater improvements in maximum (70.46% vs. 35.89% for TSG), average (44% vs.
24.51% for TSG), and fatigue index (80% vs. 44.83% for TSG) power outputs. These findings indicate that the
cluster set training method (CSG) significantly enhanced peak power, sustained power, and resistance to
fatigue compared to the traditional set training method (TSG).

Statistically significant differences were observed in the bench press (LS) results between the pre-test
values within and between the groups. The percentage changes (PC) between groups were as follows: TSG:
7% increase, CSG: 20% increase. The study concluded that CSG exhibited a greater improvement in bench
press strength compared to TSG.

The study concluded that the Cluster Set (CSY) method demonstrated statistically superior
improvements in Leg strength (LS) and fatigue in the Performance of Repeated Anaerobic Sprint Test (PRAST-
Fatigue) parameters compared to the Traditional Set (TSG) method. The literature review revealed a lack of
sufficient research on the effects of CSY in plyometric training, specifically for female handball players aged
12-15.

This study is believed to serve as a guide for training practitioners. Additionally, the following
recommendations are suggested for those interested in incorporating Cluster Set (CSY) methods into
plyometric training:

The findings demonstrate that the cluster set (CS) method elicited superior improvements compared
to the traditional set (TS) method, particularly in leg strength and the fatigue index of the repeated anaerobic
sprint test (PRAST). While the CS group also exhibited greater improvements in vertical jump, reactive agility,
and 10m-30m speed tests, these differences did not reach statistical significance. Nevertheless, this study
provides evidence supporting the efficacy of the cluster set method as a performance-enhancing training
approach for young female handball players.

The findings of this study suggest several avenues for future research. First, replicating this study with
younger age groups, elite athletes, and male participants would increase the generalizability of the findings
across populations. Second, extending the intervention period beyond the six weeks used in this study could
allow for a more comprehensive evaluation of long-term training adaptations. Third, a comparative analysis
across different sport disciplines would determine the transferability and effectiveness of these training
methodologies across athletic contexts. Finally, a larger sample size is recommended in future studies to
increase statistical power and confidence in generalizing the results.

Turkish Journal of Sport and Exercise /Tirk Spor ve Egzersiz Dergisi 2024 26(3):476-487 483
2024 Faculty of Sport Sciences, Selcuk University



Sinan BUYURUKLY Dreid 10- D00F-0005-6103-9843 / Mustata KEREM Orcid 10: 0000-0001-7861-2339

REFERENCES

1. Ara, I, Vicente-Rodriguez, G., Jimenez-Ramirez, J., Dorado, C., Serrano-Sanchez, J. A., & Calbet, J. A. L. (2004). Regular participation in
sports is associated with enhanced physical fitness and lower fat mass in prepubertal boys. International journal of obesity, 28(12), 1585-
1593.

2. Ates, M., & Atesoglu, U. (2007). The effect of plyometric training on upper and lower extremity strength parameters in 16-18-year-old
male football players. Spormetre Journal of Physical Education and Sports Sciences, 5(1), 21-28.

3.Bagirgan, T. (1990). Training in handball. Bagirgan Publishing

4. Bavli, 0. (2012). Investigation of the effects of plyometric exercises combined with basketball training on some biomotoric characteristics.
Pamukkale Journal of Sport Sciences, 3(2).

5.Bompa, T. O. (2017). Periodization: Theory and methodology of training (T. Bagirgan, Trans.). 5th ed. Ankara: Spor Yayinevi ve Kitabevi.
6.Cardinale, M. (2001). Handball performance: physiological considerations and practical approach for training metabolic
aspects. Retrieved, 17(3), 2001.

7. Diallo, O., Dore, E., Duche, P., & Van Praagh, E. (2001). Effects of plyometric training followed by a reduced training programme on
physical performance in prepubescent soccer players. Journal of sports medicine and physical fitness, 41(3), 342.

8.Doénmez, O. (2019). The effects of plyometric training on jumping and agility parameters in wushu athletes (Master's thesis). Manisa Celal Bayar
University, Institute of Health Sciences, Manisa.

9.Duyul, M. (2005). Comparison of the effects of some motoric and anthropometric characteristics on success in university teams of handball, volleyball,
and football (Master's thesis). Ondokuz May1s University, Institute of Health Sciences, Samsun.

10. Eduardo Saez V, Kellis, E., Kraemer, W.]., & Izquierdo, M. (2009). Determining variables of plyometric training for improving vertical
jump height performance: a meta-analysis. The Journal of Strength & Conditioning Research, 23(2), 495-506.

11. Erdem, K., & Yazar, M. (2019). The effects of futsal training on speed, agility, and anaerobic endurance in male athletes aged 16-17.
Journal of Sports Education, 3(3), 63-70.

12. Erol, E. (1992). An experimental study on the effects of explosive strength training on the performance of young basketball players
aged 16-18. Master's thesis, Gazi University Institute of Health Sciences, Ankara.

13. Erzeybek, M. S, Yiiksel, O., Kaya, F., & Onen, M. E. (2022). The effect of eight week combined training practices on anaerobic power
and some motor skills of korfball and basketball players. Int. ]. Life Sci. Pharma Res, 12(1), L11-18.

14. Gengay, E. (2014). The effects of two different 8-week plyometric training programs on anaerobic performance and vertical jump in
amateur athletes. Master's thesis, Dumlupinar University Institute of Health Sciences, Kiitahya.

15. Giizel, O. (2020). Investigation of the effects of an 8-week selected plyometric training program on vertical jump and agility in female
volleyball players. Master's thesis, Giresun University Institute of Health Sciences, Giresun.

16. Haff, G. G, Hobbs, R. T., Haff, E. E., Sands, W. A., Pierce, K. C., & Stone, M. H. (2008). Cluster training: A novel method for introducing
training program variation. Strength & Conditioning Journal, 30(1), 67-76.

17. Hansen, K. T., Cronin, J. B., Pickering, S. L., & Newton, M. J. (2011). Does cluster loading enhance lower body power development in
preseason preparation of elite rugby union players?. The Journal of Strength & Conditioning Research, 25(8), 2118-2126.

18. Hoffman, J. (2002). Exercise-induced Asthma. Physiological aspects of sport training and performance. Champaign: Human Kinetics, 283-
289.

19. Iacono, A. D., Eliakim, A., & Meckel, Y. (2015). Improving fitness of elite handball players: small-sided games vs. high-intensity
intermittent training. The Journal of Strength & Conditioning Research, 29(3), 835-843.

20. Kurban, M., & Kaya, Y. (2017). Investigation of the effects of basic football technical training on some motor and technical skill
developments of children aged 10-13. Journal of Sports and Performance Research, 8(3), 210-221.

21. Lawton, T. W., Cronin, ]J. B., & Lindsell, R. P. (2006). Effect of interrepetition rest intervals on weight training repetition power
output. The Journal of Strength & Conditioning Research, 20(1), 172-176.

22. Lokliioglu, B. (2018). Examination of anaerobic performance in athletes in different sports branches with laboratory and field tests.
Master's Thesis, Akdeniz University, Institute of Health Sciences, Antalya.

23. Matlak, J., Racz, L., & Tihanyi, J. (2017). Assessment of repeated reactive agility performance in amateur soccer players. Science &
Sports, 32(4), 235-238.

24. McArdle, W. D., Katch, F. 1., & Katch, V. L. (2010). Exercise physiology: nutrition, energy, and human performance. Lippincott Williams &
Wilkins.

25. McLeod, T. C. V., Armstrong, T., Miller, M., & Sauers, J. L. (2009). Balance improvements in female high school basketball players
after a 6-week neuromuscular-training program. Journal of sport rehabilitation, 18(4), 465-481.

26. Miller, M. G., Herniman, J. J., Ricard, M. D., Cheatham, C. C., & Michael, T. J. (2006). The effects of a 6-week plyometric training
program on agility. Journal of sports science & medicine, 5(3), 459.

27. Morales-Artacho, A.]., Padial, P., Garcia-Ramos, A., Pérez-Castilla, A., & Feriche, B. (2018). Influence of a cluster set configuration on
the adaptations to short-term power training. The Journal of Strength & Conditioning Research, 32(4), 930-937.

28. Moreno, S. (2012). Effect of cluster sets on plyometric jump power. California State University, Fullerton.

29. Obert, P., Mandigout, M., Vinet, A., & Courteix, D. (2001). Effect of a 13-week aerobic training programme on the maximal power
developed during a force-velocity test in prepubertal boys and girls. International Journal of Sports Medicine, 22(06), 442-446.

30. Oner, S. (2021). The effects of plyometric and resistance training on some motor and performance parameters in tennis players.
Master's Thesis, Indnii University, Institute of Health Sciences, Malatya.

31. Ozbek, A. (2000). Sports in Islam. In Ottoman Sports Symposium (pp. 252-259). May 26-27, Konya.

32. Paasuke, M., Ereline, J., & Gapeyeva, H. (2001). Knee extension strength and vertical jumping performance in nordic combined
athletes. Journal of sports medicine and physical fitness, 41(3), 354.

33. Samur, D. (2002). The Effects of Plyometric Training on Physical, Physiological Parameters, Jumping Power, and Performance in Male
Volleyball Players. Master's Thesis, Cumhuriyet University, Institute of Health Sciences, Sivas.

34. Sevim, Y. (2002). Training Information (6th ed.). Nobel Publishing, Ankara.

Turkish Journal of Sport and Exercise /Tirk Spor ve Egzersiz Dergisi 2024 26(3):476-487 4886
2024 Faculty of Sport Sciences, Selcuk University



Sinan BUYURUKLY Dreid 10- D00F-0005-6103-9843 / Mustata KEREM Orcid 10: 0000-0001-7861-2339

35. Topal, D. (2022). Comparison of the Effects of Two Different Resistance Training on Basketball-Specific Performance Parameters
(Doctoral dissertation). Akdeniz University Health Sciences Institute, Antalya.

36. Turgut, C. (2017). The Effect of 8-Week Plyometric Training on Various Physical and Physiological Parameters of Male Handball
Student Athletes in Secondary Education (Master's thesis). Bartin University Health Sciences Institute, Bartin.

37. Urer, S., & Kiling, F. (2014). The Effects of Plyometric Training Applied to the Upper Extremities on Vertical Jump Performance and
Blocked Shot Accuracy in Male Handball Players Aged 15-17. Indnii University Journal of Physical Education and Sports Sciences, 1(2),
16-38.

38. Yarayan, M. T. (2019). The Effect of an Eight-Week Plyometric Training Program on Vertical Jump, Agility, Speed, and Strength
Parameters in 13-14-Year-Old Football Players. Master's Thesis, Ankara University Institute of Health Sciences, Ankara.

Turkish Journal of Sport and Exercise /Tirk Spor ve Egzersiz Dergisi 2024 26(3):476-487 487
2024 Faculty of Sport Sciences, Selcuk University



