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Abstract

Study purpose. This study aimed to determine: (1) the difference in the effect of plyometric ladder drill and hurdle
drill exercises on agility and VO,max, (2) the difference in the effect of badminton athletes” high and low leg muscle
endurance on agility and VO, max, (3) interaction between plyometric ladder drill and hurdle drill exercises with
high and low leg muscle endurance on agility and VO,max.

Materials and methods. This research was an experimental study with a 2x2 factorial design. The study sample was
badminton athletes, totaling 24 people who were randomly selected from a population of 45 people. The instrument
to measure agility was the T Drill Test, and that to measure VO,max was the Multistage Fitness Test (MFT). The data
analysis technique used was the two-way ANOVA at a significance level of 0.05.

Results. The study findings are as follows: (1) there is a significant difference in the effect of ladder drill and hurdle
drill exercises on the agility of badminton athletes, whereas ladder drill and hurdle drill exercises have an equally
good effect on increasing VO,max; (2) there is a significant difference in effect of badminton athletes’” high and low

leg muscle endurance on agility and VO,max; (3) there is a significant interaction between ladder drill and hurdle
drill exercises and high and low leg muscle endurance on agility, whereas both exercises are equally well used to

provide VO,max improvement.

Conclusions. Based on the results of the study and the results of the data analysis that was carried out, it was
concluded that there is a significant difference in the effect of plyometric ladder drill and hurdle drill exercises on the

agility of badminton athletes.

Keywords: ladder drill, hurdle drill, agility, VO,max, badminton.

Introduction

Badminton is a well-known sport all over the world.
According to expert opinion, badminton is the most widely
practiced sport in the world (Abidn, Bravo, & Abian, 2021).
In badminton, physical condition is very important. Ac-
cording to the findings of the literature review, badminton
requires a combination of technique and physical fitness
(Bozdogan & Kizilet, 2017). Flexibility, strength, coordina-
tion, power, endurance, and agility are the most important
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physical components in badminton (Nugroho et al., 2021).
According to a review of several literatures, the purpose of
training is to develop team and individual competence, as
well as to achieve peak performance (Yudhistira et al., 2021).
According to the preceding viewpoint, the preparation of an
exercise program has become the responsibility of a coach;
additionally, the exercises prepared by the coach are in ac-
cordance with the characteristics of motion in badminton
(Sukendro et al. 2021). According to the findings of the lit-
erature review, there are actions with a relatively short and
fast duration of about 10 seconds, followed by short breaks
of about 25 seconds and a duration of 40 minutes in bad-
minton matches (Ozmen & Aydogmus, 2017). Researchers
discovered that badminton athletes’ movements were com-
prehensive, in the sense that they were complex; logically,
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when the athlete lacked agility, the movements carried out
could not change direction quickly. Furthermore, when ac-
tion movements are performed for an extended period of
time, athletes require not only agility, but also aerobic and
anaerobic endurance (Nasrulloh et al., 2021).

Endurance has evolved into a necessary physical com-
ponent for badminton (Ilham et al., 2021). To become a
national level badminton player, the average VO,max re-
quired is a minimum of 55 ml/minute/body weight for male
athletes and 50 ml/minute/body weight for female athletes,
but the field says otherwise (Lu et al., 2022). This was clearly
seen when researchers observed badminton athletes based
on the needs analysis with the test of badminton athletes
aged 17-18 years still not entering the criteria, namely the
acquisition of a VO,max value of 40.80-47.80ml/minute/
body weight for male badminton athletes (Saifu et al., 2021).
Consecutive smashes cause excessive fatigue, which affects
technique and concentration (Listyarini et al., 2021). Ex-
perts agree that endurance plays a significant role in winning
matches (Ramirez-delaCruz, et al., 2022).

There are numerous training methods to develop aerobic
agility and endurance, but developing a good training pro-
gram can be difficult (Hastuti et al., 2021). It can be seen in
the setting of training doses, training targets in one session,
intervals, recovery, individuality principles and the principle
of progressive overload which are not appropriate when the
researchers made observations with 13 trainers through a
questionnaire with questions related to setting exercise doses,
including: intensity settings according to the target of endur-
ance training, the trainer answered 66.7% no, 33.3% yes. The
intensity setting according to the agility training target of the
trainer answered 83.3% yes, 16.7% no. Setting intervals in the
application of physical exercise, the trainer answered 77.8%
yes, 22.2 no. Recovery settings in the application of physical
exercise, the trainer answered 66.7% yes, 33.3% no. Agility
is needed in badminton to perform various movements, the
coach answered 77.8% yes, 22.2 no. Endurance plays an im-
portant role when badminton players make fast movements
but for a long duration the coach answered 66.7% yes, 33.3%
no. Ladder drill and hurdle drill are means to help improve
the physical condition of agility. The trainer answered 61.1%
yes, 38.9 no. Plyometrics is an ideal method to improve the
physical condition of badminton. The trainers answered
77.8% yes, 22.2% no.

Based on the needs analysis, it can be explained that
there are problems regarding the setting of the exercise dose,
as well as the exercise method. This study is reinforced by
previous research that a good exercise is one that follows
guidelines such as the principle of loading, individuality and
level of regularity (Gronwald et al., 2020). The study ex-
plains that the exercise setting or exercise dose is similar to a
drug dose when someone consumes it, because the exercise
dose here plays an important role in improving an athlete’s
physique (Gasim, Cengizel, & Giinay, 2022). This empirical
evidence can already be the basis of the problem which is im-
mediately given a solution. As a result, it is necessary to find
a solution to increase agility and endurance, one of which is
to provide plyometric training methods. Plyometric exercis-
es are distinguished by a muscle lengthening process that is
quickly followed by a muscle shortening process, also known
as the stretch shortening cycle (SSC) (Fernandez-Fernandez
et al,, 2022). The lengthening and shortening cycle signifi-

cantly improves the tendons’ and muscles’ ability to generate
maximum strength in the shortest amount of time.

The ladder drill and hurdle drill are two of the most
commonly used tools and equipment for practicing plyo-
metrics. Ladder drills and hurdle drills are training tools that
can be used in gyms to improve the physical components
of badminton players. The rationale for selecting the ladder
drill and hurdle drill as a means of improving physical com-
ponents in badminton is that the ladder and hurdle can be
varied with various training models, the hurdle is jumping,
when the athlete jumps quickly with almost no jump pauses,
this falls under the plyometrics category, so the authors as-
sume that ladder drills and hurdles can be used to improve
physical conditions, particularly agility and endurance.

Previous studies defined that ladder drill for 8 weeks
with a frequency of three times was able to increase speed,
agility and quickness in badminton players (Guo et al.,
2021). In addition, training with a combination of speed,
agility, quickness and plyometrics hurdle box jump exercises
for 3 alternative days for 8 weeks with three sets per exercise
and per session 60%-80% with progressive increases showed
a significant increase in physiological variables such as vital
capacity to withstand breath compared to the control group
(Kanagasabai, Manikandan & Lakshmanan, 2018). Further-
more, research on high leg muscle endurance with low leg
muscle endurance for increasing VO,max capacity and the
result is that there is a difference and the better one is the
group that has high leg muscle endurance (Chua et al., 2021).
Based on the literature review that has been explained that
ideally agility and endurance training that is in accordance
with the characteristics of badminton is to use the plyomet-
rics method, therefore researchers will develop a plyometrics
program using ladder drills and using hurdle drills, where
both of these tools are needed to practice agility and accu-
mulation of skills. Exercise can also affect aerobic endurance.

The remainder of this paper is organized as follows. Sec-
tion 2 presents the compound set method and the data analysis
technique, Section 3 presents the results, Section 4 discusses
the results, and finally Section 5 concludes the paper.

Materials and methods

Study participants

The research population was a badminton club in Yog-
yakarta City, amounting to 45 athletes. Research sampling
was based on the simple random sampling technique. The
division of groups was based on a ranking system using a
percentage taken is the high group of 27% and the low group
27% (Wartika et al., 2014). Based on this result, 24 samples
were found, then this stage would be separated or divided
by match subject ordinal pairing (MSOP) which is divided
into 4 high and low groups with 1 group containing 6 ath-
letes who are given ladder drill and hurdle drill exercises.

Study organization

This research method was an experimental method with
a 2x2 factorial design. An instrument for measuring leg
muscle endurance or often referred to as dynamic strength
was a squat jump. Procedure: (a) ready stance, stood with
legs slightly wide, (b) bent your knees and lower your but-

S72



Nugroho, S., Hidayat, R.A., Komari, A., Pratama, K.W., Karakauki, M., & Ali, S.K.S. (2022). Effect of Plyometric Exercise and Leg Muscle
Endurance on the Agility and VO,max of Badminton Athletes

tocks, then jumped up, continued the movement as in the
beginning, did it for 30 seconds, then took the record for the
test results. Aerobic endurance test used a multistage fitness
test (MFT), the procedure was as follows: (a) the test size was
20 meters with a cone marked, (b) the athlete placed 1 foot
above the 20 meter marking line from each turn and test,
(c) waited for the sound “beep” then continued, before the
signal and the sound “beep” the athlete was not allowed to
perform, (d) the athlete ran as long as possible, if the ath-
lete failed 2 times or was late to the marking line then the
athlete must stop and finished the test, (e) note the level
and amount. While the agility test used the T drill test. The
test procedure was as follows: (a) ran to the center cone, (b)
stepped to the left 5 meters, (c) then stepped to the right side
10 meters, (d) stepped left side 5 meters to the middle (e)
then ran 10 meters back (f) took the records for the time.

The half squat jump test instrument was adopted from
the research of Nursalam & Aziz (2020) so that the test in-
strument was valid and reliable, while the VO,max test and
t-test were adopted from Mackenzie’s book (2005) “Perfor-
mance Evaluation Test”, so that the test was standard and
of course it was valid and reliable. Validity and Reliability
T-Test (agility) with a significance level of (a = 0.05) ob-
tained a validity value of 0.795, while the reliability value
of 0.692. The validity and reliability of the Multi Stage Fit-
ness (endurance) test with a significance level of (a= 0.05)
obtained a validity value of 0.744, while the reliability value
was 0.697. The validity and reliability of the Squad jump test
with a significance level of (a= 0.05) obtained a validity value
of 0.97, while the reliability value was 0.98.

Statistical analysis

Data analysis technique using prerequisite test includes
normality test and homogeneity test, then after the data
could be said to be normal and homogeneous proceeded to
the next stage or hypothesis testing. The hypothesis test was

Table 1. Description for Agility Test and VO,max

atwo-way ANOVA. Hypothesis testing was assisted by using
statistical product and service solutions with a significant
level of =0.05(5%).

Results

The results of plyometric exercises with ladder drills and
hurdle drills on agility and VO,max in terms of high and low
leg muscle endurance in badminton athletes are described
in table 1.

Based on the data in table 1, the Pre-test and Post-test
of Agility and VO,max in terms of leg muscle endurance in
badminton athletes can be presented in the figure 1.

This normality test uses the Kolmogrov-Simirnov analy-
sis technique and the calculation of the normality test using
SPSS 25 software. The data is said to be normally distributed
if Sig > 0.05. The results of the normality test show that all re-
search variables have a significance value greater than 0.05, so
it can be concluded that all variables are normally distributed.
The results of the homogeneity test in the study were carried
out using the SPSS 25 application. Based on the statistical
analysis of the homogeneity test, the pretest group obtained a
significance value of >0.05, so this means that the data group
has a homogeneous variance. Likewise, the results of the cal-
culation on the posttest obtained a significance value of > 0.05,
this means that the data group has a homogeneous variance.

The research hypothesis was tested based on the re-
sults of data analysis and the interpretation of the two-way
ANOVA analysis. Based on the processed research data, the
results of hypothesis testing are as follows:

Agility
The first hypothesis tested in this study was that “there
is a significant difference in the effect of plyometric ladder

drill and hurdle drill exercises on the agility of badminton
athletes”. The results of the analysis are described in table 2.

Agility Test
Plyometric Exercise Treatment Level of leg muscle Statistics Pre-test Post-test Improvement
endurance
High Average 12.28 12.13 0.15
(A1B1) SD 0.64828 0.56709 0.08115
Ladder Drill
adder Bt Low Average 12.10 10.70 1.4
(A1B2) SD 0.50725 0.66211 -0,15486
High Average 12.40 10.68 1.72
. (A2B1) SD 0.46911 0.20926 0.25985
Hurdle Drill Low Average 12.17 11.05 1.12
(A2B2) SD 0.56793 0.57424 -0.00631
VO,max Test
P!yometrlc L @il e (e Statistics Pre-test Post-test Improvement
Exercise Treatment endurance
High Average 41.32 49.12 7.8
. (A1B1) SD 1.45522 1.67412 0.2189
L Drill
adder Dri Low Average 40.77 42.85 2.08
(A1B2) SD 2.95138 6.54973 3.59835
High Average 42.47 49.18 6.71
. (A2B1) SD 1.68008 2.16002 0,47994
Hurdle Drill
e n Low Average 42.42 4523 2.81
(A2B2) SD 2.75566 2.30362 -0.45204
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Improvement of Agility

4 1B1 A2B2 AIB2 A2B2
2 Pree- 22 I 120 DI 2+ B 2.7
0 PostTest 1213 107 1068 1105

Improvement of VO:Max

1 b T, WS 127 B 0 W 112

ree- . ; X
" Post-Test 49,12 49,18 4285 4523

Fig. 1. Average Score of Pre-test dan Post-test in the Agility and VO,max Improvement Based
on the Ladder Drill dan Hurdle Drill

Table 2. ANOVA Result for the Difference of Plyometric
Exercise with Ladder drill dan Hurdle drill on the agility

Mean
Square

2.051

Type III Sum Of
Squares

2.051 1

Source Sig

Training Method 6.966 0.016

From the results of the ANOVA test, it can be seen that
the significance value of p is 0.016 and the F value is 6.966.
Since the significance value of p is 0.016 < 0.05, thus there is
a significant difference in the effect of ladder drill plyometric
exercises and hurdle drills on the agility of badminton ath-
letes. This means that the research hypothesis is proven that
there is a significant difference in the effect of plyometric
ladder drill and hurdle drill exercises on the agility of bad-
minton athletes.

The second hypothesis tested in this study was that
“there is a difference in the effect between badminton ath-
letes who have high and low leg muscle endurance on agil-
ity”. The results of the study can be seen in the table 3.

Table 3. Results of ANOVA for the Difference of Athletes
Having High and Low Leg Muscle Endurance on the Agility

Type III Sum Of Mean

Source Squares Square e
Leg Muscle 1912 1 1912 6493 0019
Endurance

From the results of the ANOVA test in table 3, it can be
seen that the significance value of p is 0.019 and the F value
is 6.493. Since the significance value of p is 0.019 < 0.05, thus
there is a significant difference in the effect of badminton
athletes who have high and low leg muscle endurance on
agility. This means that the research hypothesis proves that
there is a difference in the effect of badminton athletes who
have high and low leg muscle endurance on agility.

The third hypothesis tested in this study was that “there
is an interaction between ladder dill and hurdle dill plyomet-
ric exercises and leg muscle endurance (high and low) on the
agility of badminton athletes” The calculation results can be
seen in the table 4.

Table 4. Result of ANOVA for the Interaction of Plyometric
Exercise with Ladder Drill and Hurdle Drill and Leg
Muscle Endurance on the Agility of Badminton Athletes

Source Type III Sum Of Mean sig
Squares Square
Training Method *
Leg Muscle 4.062 1 4.062 13.795 0.001
Endurance

From the results of the ANOVA test in table 4, it can be
seen that the significance value of p is at 0.001 and the F value
is at 13.795. Since the significance value of p is 0.001 < 0.05,
so based on this it means that the hypothesis is proven that
there is an interaction between plyometric exercises (ladder
dill and hurdle dill) and leg muscle endurance (high and
low) on the agility of badminton athletes. After testing the
third hypothesis, there is an interaction between plyometric
exercises (ladder dill and hurdle dill) and leg muscle endur-
ance (high and low) on the agility of badminton athletes, it
is necessary to carry out further tests using the Turkey test.
Further test results can be seen in the table 5.

Tabel 5. Ringkasan Uji Post Hoc

Group Interaction Dili\f/[eertrlllce Std, Error Sig.
A1B2 1.4300* 0.31531 0.001
Al1B1 A2B1 1.4583% 0.31531 0.001
A2B2 1.0883* 0.31531 0.013
A1B1 -1.4300* 0.31531 0.001
Al1B2 A2B1 0.0283 0.31531 1.000
A2B2 -0.3417 0.31531 0.703
Al1B1 -1.4583* 0.31531 0.001
A2B1 Al1B2 0.0283 0.31531 1.000
A2B2 -0.3700 0.31531 0.650
A1B1 -1.0883* 0.31531 0.013
A2B2 Al1B2 0.3417 0.31531 0.703
A2B1 0.3700 0.31531 0.650

Based on table 5 the results of the Turkey test calculation
on the asterisk sign (*) show that the pairs that have interac-
tions or pairs that are significantly different are: (1) A1B2-
AlBl1, (2) A2B1-A1Bl, (3) A2B2 -A1B1, while the other
pairs stated that there was no difference in effect were: (1)
A1B2-A2B1,(2) A1B2-A2B2, (3) A2B1-A2B2. The following
is a group of pairs of pairs that have interactions:

The group that was trained plyometrically with ladder
drill and had lower leg muscle endurance was better than
those trained plyometrically with the ladder drill method
and had high leg muscle endurance on agility, with p < 0.05.

The plyometric group trained with the hurdle drill meth-
od and had high leg muscle endurance was better than the
group trained with the leader drill plyometric method and had
high leg muscle endurance for agility, with a p value of < 0.05.

The group that was trained with the hurdle drill method
and had lower leg muscle endurance was better than the
group trained with the ladder drill method and had high leg
muscle endurance for agility, with a p value of < 0.05.
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VO,max

The hypothesis tested in this study was that “there is
a significant difference in the effect of plyometric exercis-
es with ladder drills and hurdle drills on the VO,max of
badminton athletes”. Results of the analysis are described in
table 6.
Table 6. Results of ANOVA on the Difference of Ladder
Drill and Hurdle Drill Effects on VO,max

Source Type III Sum Of Mean Sig
Squares Square
Training Method 0.920 1 0920 0.210 0.652

From the results of the ANOVA test in table 6, it can be
seen that the significance value of p is at 0.652 and the F val-
ueis at 0.210. Since the significance value of p is 0.652 < 0.05,
it can be concluded that there is no difference between the
drill and hurdle drill training methods on VO,max, mean-
ing that the ladder drill training method has the same effect
as the hurdle drill training method on VO,max and ladder
training methods. drill and hurdle drill have the same effect
on VO,max in badminton athletes.

The next hypothesis that was tested was that “there is
a difference in the effect between badminton athletes who
have high and low leg muscle endurance on VO,max”. The
results of the study can be seen in the table 7.

Table 7. Results of ANOVA on the Difference of Effect of
Athletes Having High and Low Leg Muscle Endurance on
VO,max

S Type III Sum Of Mean Sig
Squares Square
Leg Muscle 75.260 1 75260 17.165 0.001
Endurance

From the results of the ANOVA test, it can be seen that
the significance value of p is at 0.001 and the F value is at
17.165. Since the significance value of p is 0.001 < 0.05, it can
be concluded that there is a significant difference in the ef-
fect of badminton athletes who have high and low leg muscle
endurance on VO,max. Based on the results of the analysis,
it turns out that high leg muscle endurance has a better effect
than low leg muscle endurance on VO,max in badminton
athletes. This means that the research hypothesis proves that
there is a difference in the effect of badminton athletes who
have high and low leg muscle endurance on VO, max.

The last hypothesis tested in this study was that “there
is an interaction between plyometric ladder drill and hurdle
drill exercises and leg muscle endurance (High and Low) on
the VO,max of Badminton Athletes”. The calculation results
can be seen in the table 8.

Table 8. Results of ANOVA Tes ton the Interaction between
Plyometric Ladder Drill and Hurdle Drill and Leg Muscle
Endurance on VO,max of the Badminton Athletes

Source Type III Sum Of Mean sig
Squares Square
Training Method*
Leg Muscle 1.000 1 1.000  0.228 0.638
Endurance

From the results of the ANOVA test in the table above,
it can be seen that the significance value of p is 0.638 and the
F value is 0.228. Since the significance value of p is 0.638 >
0.05, it can be concluded that there is no interaction between
the plyometric ladder drill and hurdle drill training methods
with muscle endurance on badminton athletes’ VO,max.

Discussion

Based on the hypothesis testing, it is known that the lad-
der drill and hurdle drill exercises have a significant differ-
ent effect on the agility of badminton athletes, accepted. This
means that the hurdle drill and ladder drill training methods
have a significant difference in influence on the agility of bad-
minton athletes. Ladder drill and hurdle drill are forms of ply-
ometric exercise. Plyometric exercises can improve agility in
athletes (Kayantas & Soyler, 2020; Padrén-Cabo et al., 2021).

Plyometrics is a type of physical exercise that emphasizes
the formation of lower body power (Moran et al., 2021; Nas-
rulloh et al., 2022; Pratama et al., 2022). This type of exercise
is effective when practiced in sports that require foot sup-
port (Almeida et al,, 2021; Chen et al., 2017; Nopembri et
al., 2022). Most researchers and practitioners have the same
view that plyometric training is one approach in every field of
sport that is often used by athletes, especially those who have
Short-Shortening Cycle (SSC) (Shamshuddin et al., 2020;
Adji et al,, 2022; Sutapa et al., 2021). Previous studies have
shown that plyometric training in every sport can improve
athlete performance (Ramirez-Campillo et al., 2021; Jufria-
nis et al., 2021). The selection of hurdle drill and ladder drill
exercises was carried out based on the relevance of previous
research which stated that there was an increase in agility
in athletes who were given hurdle drill exercises (Ramirez-
Campillo et al., 2021). This is in line with this study that
based on data analysis on the calculation of the average value
of the hurdle drill exercise is higher (good) compared to the
ladder drill exercise on the agility of badminton athletes.

Ladder drill and hurdle drill exercises did not have a
significant difference in the VO,max of badminton athletes.
Based on the results of the research data analysis, it is stated
that the average calculation for ladder drill exercises is 45.98
and hurdle drill is 47.20 for the increase in VO,max with a dif-
ference of 1.22. Because the results of the difference between
the ladder drill and the hurdle drill are small, it means that the
two exercises have the same effect on increasing the VO,max
capacity of badminton athletes. In this study, there was no sig-
nificant difference between the two groups of ladder drill and
hurdle drill exercises because both exercises were aimed at
increasing the VO,max of badminton athletes. The factor that
distinguishes these two training methods is the stage of imple-
mentation. So, to train to increase VO,max, you can choose
these two training methods, on the basis of research that these
two methods have the same effect on increasing VO,max.

The results of the analysis show that badminton athletes
who have high leg muscles are better than badminton ath-
letes who have low leg muscles on agility and VO,max. It is
relevant to previous research that athletes who have high leg
muscle endurance will have excellent agility and VO,max
capacity compared to athletes who have low leg muscle en-
durance, so their physical condition of agility and VO,max
is sufficient (Raymundo et al., 2018).

One of the important elements of physical fitness is endur-
ance or leg muscle endurance (Junker & Stoggl, 2019). There-
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fore, badminton requires a physical component of agility and
an increase in VO,max (Cinthuja et al., 2015). Athletes who
have good endurance, the athlete’s performance will remain op-
timal from time to time leading to long-term fatigue (Handaru
et al, 2020). Physical endurance produces physiological and
biochemical changes in muscles, so that endurance generally
manifests through muscle endurance (Wee et al., 2016).

Conclusions

Based on the results of the research and the results of
data analysis that has been carried out, it is concluded that
there is a significant difference in the effect of plyometric lad-
der drill and hurdle drill exercises on the agility of badmin-
ton athletes. In addition, there is a significant difference be-
tween badminton athletes who have high and low leg muscle
endurance on agility and VO,max and there is a significant
interaction between the ladder drill and hurdle drill training
methods on agility and there is no significant interaction
between ladder drill and hurdle drill exercises on VO,max.
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HA NOKA3HUKU CNMPUTHOCTI TA MAKCUMAIJIbHOTO
CNOXUBAHHA KUCHIO CIMTOPTCMEHIB-BAAMIHTOHICTIB
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*YuiBepcuret lapyra
*Marnaiicbknit yHiBepcuTeT

Pedepar. Crartsi: 8 c., 8 Tabm1., 1 puc., 42 mxepena.

Mera gocnimkeHHs1. MeTo 1[bOro ZoCmifKeHHs 6y1o BusHadeHHst: (1) BifMiHHOCTI BIUIMBY IUTIOMETPUYHIX BIIPAB i3 KOOP-
IVHALIHO APpabMHOI0 Ta 3 KOOPAVHALIHIMY 6ap’€paMi Ha MOKA3HUKY CIIPUTHOCTI Ta MAKCUMA/IbHOTO CIIOKVMBAHHS KUCHIO
(MCK), (2) BigminHOCTi BIIMBY BUCOKVX i HU3BKMX IIOKa3HMKIB MiITHOCTi M’sI31B Hir CIIOpTCMeHiB-6aiMiHTOHICTIB Ha IOKA3HM-
ku cuputHocTi Ta MCK, (3) B3a€MHOro BIUIMBY IUTIOMETPUYHNX BIIPAB i3 KOOPAMHALIIHOW APabMHOI0 Ta 3 KOOPAMHALITHUMM
6ap’epamul 3a BUCOKMX | HM3bKIX [TOKA3HNUKIB MII{HOCTI M 5I31B Hir Ha moKasHuKM cuputHocTi Ta MCK.

Marepianu ta Mmetogu. Lle nocifxeHHs 0y/10 eKCIIePUMEHTAIbHIM JOCTIIXKEHHAM i3 PaKTOpHUM ITaHOM 2x2. JJocmimky-
BaHOIO BMOIPKOIO OY/IM CopTCMeHM-0aiMIHTOHICTH 3ara/IbHOIO KITbKICTIO 24 0c06M, BUIIaKOBMM YMHOM BifiOpaHi 3 reHeparib-
HOI CyKYIHOCTI KiNbKicTiO 45 0¢i6. 3ac060M BUMipIOBaHH: MOKa3HUKIB CHIPUTHOCTI cIyryBaB T-TecT Ha CIIPUTHICTD i KOOpAMHa-
o (pisHocnpsiMoBaHmMit 6ir Mk 4 KoHycamu, posramoBanumu y ¢popmi nitepu «T» 3 TOPKaHHAM KOXXHOTO Ta IIOBEPHEHHSM Y
BUIXi/JHE ITOJIOXKEHHS1), /Ls1 BUMiproBaHHs mokasHuKiB MCK BrukopucrtoByBamm tect «HoBHMKOBuiI 6ir Ha 20 MeTpiB». [l1s1 aHami3y
IaHVX BUKOPUCTOBYBAIM METOJ, IBO(GAKTOPHOTO AUCIEPCITHOTO aHai3y 3a piBHA 3HauymocTi 0,05.

Pesynbraru. Pesynbratu gocnipkeHHsa HacTynHi: (1) icHye cTaTMCTIYHO 3HAYyIIa BifMiHHICTb BIVIMBY BIIpaB i3 KoopAuHa-
LiITHOIO IPabUHOI0 Ta 3 KOOPAVMHALIITHUMM 6ap’epaMit Ha OKasHMKM CIIPUTHOCTI CIOPTCMeHiB-6aIMiHTOHICTIB, TpK IIbOMY BIIpa-
BU 3 KOOPAMHALIITHOI APabVHOIO0 Ta 3 KOOPAMHALIHIMY 6ap €épamMy OZHAKOBO IapHO BIUIMBAIOTDH Ha IIi/[BUIIEHHS ITOKA3HNKA
MCK; (2) icHye cTaTMCTIYHO 3HAYYIIA BiMIHHICTD BIUIMBY BICOKUX i HU3bKIX IIOKa3HUKIB MIITHOCTI M’A131B HiT CTOPTCMeHiB-6a-
MiHTOHICTiB Ha MokasHuKY cipuTHOCTI Ta MCK; (3) iCHy€ CTaTMCTUYHO 3HAYyLIMII B3AEMHMII BIUIMB BIIPaB i3 KOOPAMHALIIHOIO
IpabMHO0 Ta 3 KOOPAMHALIHNMY 6ap €paMi 32 BICOKUX i HM3bKMX ITOKA3HMKIB MIITHOCTi M’513iB HII' Ha MOKA3HUKY CIIPUTHOCTI,
Y LIbOMY O0K/IBa BU/IM BIIPAB OfHAKOBO FapHO BIUKOPUCTOBYIOT [Isl 3a0esnedeH s miaBnieHHs nokasuukis MCK.

BucHoBku. Ha mifcraBi pesynbTaTiB JOCTIIKEHHS Ta pe3yIbTaTiB IPOBEEHOr0 aHali3y JaHUX 6Y/I0 3p06/IEeHO BUCHOBOK
PO HasIBHICTb CTATUCTUYHO 3HAYYIOI BifMIHHOCT] BIUIMBY IUTIOMETPUYHMX BIIPAB i3 KOOPAMHALITHOI APabMHOIO Ta 3 KOOP/M-
HaliiiHKMK 6ap’epamit Ha IIOKa3HMKM CIIPUTHOCTI CIIOPTCMEHiB-6aiMiHTOHICTIB.

KirouoBi cnmoBa: Bipasy 3 KOOPAVHALITHO ApabuHO0, BIIPABY 3 KOOPAMHALIITHIMY 6ap’ epamu, CIIPUTHICTb, MAKCUMa/IbHe
criokuBauHs KucHo (MCK), 6agMiHTOH.
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