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Introduction

The issue of strength abilities develop-
ment in children and adolescents is regarded as a condi-
tion for improving the effectiveness of a school physical 
education class (Khudolii & Titarenco, 2013; Ivash-
chenko & Cieślicka, 2017; Cieślicka & Ivashchenko, 
2017). Research has found that learning effectiveness 
improves if motor abilities integrate into motor skills 
(Khudolii, 2011; Ivashchenko, 2017).

Strength development in a school lesson, in contrast 
to the sport of higher achievements (Verkhoshanskyy, 
1985), is considered a necessary condition for improving 
the learning process (Ivashchenko & Yermakova, 2015) 
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Abstract
The study purpose was to experimentally substantiate technological approaches to estimating training 
effects of strength loads in girls aged 7 years.
Materials and methods. The study participants were girls aged 7 years (n = 40). The children and their 
parents were fully informed about all the features of the study and gave their consent to participate 
in the experiment. To solve the tasks set, theoretical and empirical methods were used: analysis and 
generalization of scientific and methodological literature; modeling, pedagogical observation and 
experiment, methods of mathematical experiment planning (2k type FFE).
Results. The study results show that in the proposed matrix of the 22 type full factorial experiment design, 
the chosen step of variation of factors is sufficient to study the influence of different modes of strength 
exercises on the dynamics of ITE in girls aged 7 years. 
Conclusions. At station 1 (exercises to strengthen arms and shoulders), the ITE in girls aged 7 is most 
influenced by the interaction between the number of repetitions in a set and the rest interval (x1x2) — 83%, 
the number of repetitions in a set (x1) — 15%; at station 2 (exercises to strengthen abdominal muscles), it 
is most influenced by the number of repetitions in a set (x1) — 48.5%, the rest interval (х2) — 48.5%; at 
station 3 (exercises to strengthen back muscles) — by the rest interval (x2) — 82%; at station 4 (exercises to 
strengthen leg muscles) — by the rest interval (x2) — 92%. 
At stations 1–3, to strengthen the ITE, it is necessary to increase the number of repetitions in a set and the 
duration of the rest interval, at station 4, it is necessary to increase the number of repetitions in a set and to 
reduce the duration of the rest interval.
Keywords: girls, full factorial experiment design, immediate training effect, strength loads.

and the basis of motor abilities development (Khudolii 
& Ivashchenko, 2014; Ivashchenko, Cieślicka, Khudolii 
& Iermakov, 2014).

The effectiveness of strength development is 
significantly influenced by the modes of strength 
exercises (Titarenko, 2010; Khudolii, 2011), as well as 
the interaction of training effects (Khudolii, 2011). The 
programming of strength development is based on the 
estimation of training effects (Khudolii, Ivashchenko, 
Iermakov & Rumba, 2016, Lopatiev, Ivashchenko, 
Khudolii, Pjanylo, Chernenko & Yermakova, 2017) 
and determination of the optimal number of strength 
training lessons (Khudolii, 2011; Khudolii & Titarenco, 
2013).

One of the methods for obtaining objective 
information about the body state dynamics, depending © Khudolii O.M., Ivashchenko O.V., Iermakov S.S.,  

Nosko Yu.M., Marchenko S. I., 2019.
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on the number of repetitions of physical exercises and 
rest intervals is modeling. In their studies, Lopatiev, 
Ivashchenko, Khudolii, Pjanylo, Chernenko and 
Yermakova (2017), Khudolii, Ivashchenko, Iermakov 
and Rumba (2016) developed conceptual approaches 
to modeling the learning process and motor abilities 
development in physical education and sport. The 
researchers describe the models of motor abilities 
development in children and adolescents, which can 
be used for current and final control of preparedness 
(Ivashchenko & Yermakova, 2015; Ivashchenko & 
Cieślicka, 2016; Cieślicka & Ivashchenko, 2016). It 
was found that current control over the level of motor 
preparedness can be performed on the basis of regression 
models that describe the dependence of physical 
education on physical exercises modes (Ivashchenko, 
2016; Ivashchenko & Kapkan, 2016; Ivashchenko, 
Khudolii, Yermakova, Iermakov, Nosko, M. & Nosko, 
Y., 2016). Scientific literature provides the results from 
the analysis of seven-year-old boys’ and girls’ body 
reaction on strength loads, reveals the peculiarities 
of the formation of training effects, depending on the 
mode of strength exercises (Cieślicka & Ivashchenko, 
2017; Ivashchenko & Cieślicka, 2017).

In this regard, the question arises as to the relevance 
of developing a method for evaluating training effects 
in the process of strength development in girls aged 7 
years.

The study purpose was to experimentally 
substantiate technological approaches to estimating 
training effects of strength loads in girls aged 7 years.

Materials and methods

Study participants

The study participants were girls aged 7 years 
(n  =  40). The children and their parents were fully 
informed about all the features of the study and gave 
their consent to participate in the experiment.

Study organization

To solve the tasks set, theoretical and empirical 
methods were used: analysis and generalization of 
scientific and methodological literature; modeling, 
pedagogical observation and experiment, methods of 
mathematical experiment planning (2k type FFE).

To determine the dynamics of strength training 
effects in girls aged 7 years, the study carried out an 
experiment according to the plan given in Table 1. 
Variant І of the combined method was used to strengthen 
arm and shoulder muscles (place I), abdominal muscles 
(place II), back muscles (place III), and leg muscles 
(place IV). At each place, the following methods were 
used: dynamic effort method, maximal effort method, 
isometric effort method, repeated effort method. The 
modes of performance for each group, for the indicated 
places are given in Table 1 (see Table 1, Figure 1).

During the experiment, the study recorded the 
results of the following tests: 1. Push-ups. 2.  Speed 
push-ups, 3 times. 3. Sit-ups in 30 seconds. 4. Trunk lift 
in 10 seconds. 5. Standing long jump.

Figure 1. Scheme of organizing a pedagogical experiment
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On the first day before the experiment, the study 
recorded the results of Test 2 “Speed push-ups, 3 times”, 
Test 1 “Push-ups”, Test 3 “Sit-ups in 30 seconds”, Test 4 
“Trunk lift in 10 seconds”, Test 5 “Standing long jump”. 
After performing the exercises at place І — Tests 2, 1; 
at place ІІ — Test 3; at place ІІІ — Test 4; at place IV — 
Test 5. After the lesson — Tests 2, 1, 3, 4.

Statistical analysis

The study analyzed the increase in the results of the 
above-mentioned tests. The Yates algorithm was used to 
calculate regression coefficients.

Results

Tables 2 and 3 show the results of the 22 type full 
factorial experiment.

The analysis of the regression equations given in 
Table 2 made it possible to determine the influence of 
strength loads on the immediate training effect (ITE) of 
different modes of exercises in girls aged 7. After training 
at stations 1–4, the following data were obtained:

after training at station 1 — exercises to strengthen 
arms and shoulders — the ITE is most influenced by 
the interaction between the number of repetitions in a 
set and rest interval (х1х2), number of repetitions in a 
set (х1) and rest interval (х2). To strengthen the ITE, it is 
necessary to increase the number of repetitions in a set 
and the duration of the rest interval;

after training at station 2 — exercises to strengthen 
abdominal muscles — the ITE is most influenced by the 
number of repetitions in a set (х1), rest interval (х2) and 

the interaction between the number of repetitions in a 
set and rest interval (х1х2). To strengthen the ITE, it is 
necessary to increase the number of repetitions in a set 
and the duration of the rest interval;

after training at station 3 — exercises to strengthen 
back muscles — the ITE is most influenced by the 
rest interval (х2), the interaction between the number 
of repetitions in a set and rest interval (х1х2) and the 
number of repetitions in a set (х1). To strengthen the 
ITE, it is necessary to increase the number of repetitions 
in a set and the duration of the rest interval;

after training at station 4 — exercises to strengthen 
leg muscles — the ITE is most influenced by the rest 
interval (х2), the interaction between the number of 
repetitions in a set and rest interval (х1х2) and the 
number of repetitions in a set (х1). To strengthen the 
ITE, it is necessary to increase the number of repetitions 
in a set and to reduce the duration of the rest interval.

The dispersion analysis given in Table 2 made it 
possible to determine the percentage influence of 
the factors on the immediate training effect (ITE) of 
different modes of exercises in girls aged 7. After training 
at stations 1–4, the following data were obtained:

after training at station 1 — exercises to strengthen 
arms and shoulders — the ITE is most influenced by 
the interaction between the number of repetitions in 
a set and rest interval (х1х2), — 83%, the number of 
repetitions in a set (х1) — 15%. To strengthen the ITE, 
it is necessary to increase the number of repetitions in a 
set and the duration of the rest interval;

after training at station 2 — exercises to strengthen 
abdominal muscles — the ITE is most influenced by the 
number of repetitions in a set (х1) — 48.5%, rest interval 
(х2) — 48.5%. To strengthen the ITE, it is necessary 
to increase the number of repetitions in a set and the 
duration of the rest interval;

after training at station 3 — exercises to strengthen 
back muscles — the ITE is most influenced by the 
rest interval (х2) — 82%. To strengthen the ITE, it is 
necessary to increase the number of repetitions in a set 
and the duration of the rest interval;

after training at station 4 — exercises to strengthen 
leg muscles — the ITE is most influenced by the 
rest interval (х2) — 92%. To strengthen the ITE, it is 
necessary to increase the number of repetitions in a set 
and to reduce the duration of the rest interval.

Discussion

The paper assumed that a full factorial experiment 
would allow to determine the influence of strength 
loads on the immediate training effect (ITE) of different 
modes of exercises in girls aged 7 years. The study 
results show that in the proposed matrix of the 22 type 
full factorial experiment design, the chosen step of 
variation of factors is sufficient to study the influence of 

Table 1. Factorial design in studying the influence of 
different modes of the combined method of strength 
development (variant I) in primary school children (Х1 — 
number of repetitions in a set; Х2 — rest interval, s)

No. of strength 
load variant Method Х1 Х2

І

Dynamic effort method 3 30
Maximal effort method 1 30
Isometric effort method 3 30
Repeated effort method 6 30

II

Dynamic effort method 5 30
Maximal effort method 3 30
Isometric effort method 5 30
Repeated effort method 12 30

ІІІ

Dynamic effort method 3 60
Maximal effort method 1 60
Isometric effort method 3 60
Repeated effort method 6 60

ІV

Dynamic effort method 5 60
Maximal effort method 3 60
Isometric effort method 5 60
Repeated effort method 12 60
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different modes of strength exercises on the dynamics 
of ITE in girls aged 7 years (Table 1).

Regression equations and dispersion analysis make 
it possible to specify and select the most effective 
variants of exercises modes for obtaining the ITE (Table 
2).

The optimal modes of strength exercises (combined 
method of strength development, variant  I) for girls 
aged 7 years are given in Table 4. At stations 1–3, to 
strengthen the ITE, it is necessary to increase the 
number of repetitions in a set and the duration of the 
rest interval, at station 4 — it is necessary to increase 
the number of repetitions in a set and to reduce the 
duration of the rest interval.

These findings supplement the data obtained 
by Ivashchenko and Cieślicka (2017), Cieślicka and 
Ivashchenko (2017) on the effectiveness of using 
factorial designs when studying strength training effects 

in children; and the data of Ivashchenko, Khudolii, 
Iermakov, Chernenko and Honcharenko (2018), 
Khudolii and Marchenko (2007) on the reliability of 
the obtained regression equations for modeling the 
process of motor skills and motor abilities development 
in schoolchildren.

The validity of using a 2k type full factorial 
experiment is confirmed by the data of Correa, Grima 
and Tort-Martorell (2009, 2012). The main purpose of 
designs is to neutralize the influence of unknown factors, 
the authors recommend using designs with three and 
four factors. The results of the above-mentioned studies 
(Tables 2, 3) demonstrate the effectiveness of using a 22 
FFE when studying the ITE of strength loads in girls 
aged 7 years.

The obtained results specify the conceptual 
approaches to experiment planning in studying the 
effectiveness of children’s physical education, factorial 

Table 2. Models of influence of different strength training modes on the change in the immediate training effect in girls 
aged 7 (n=40) (x1 – number of repetitions in a set, х2 – rest interval). The first variant of the combined method of strength 
development.

Place of 
training Test Conditions of 

recording Regression equations
Ratio of mean squares

x1 x2 x1x2

Station І 
1. “Push-ups” after performing the 

exercises Y= -0.725 – 0.075x1 – 0.025x2 – 0.175x1x2 15 2 83

2. “Speed push-ups, 3 times” after performing the 
exercises Y= 0.183 + 0.053x1 – 0.013x1 – 0.023x1x2 81 5 14

Station ІІ 3. “Sit-ups in 30 seconds” after performing the 
exercises Y= -1.15 – 0.2x1 – 0.2x2 + 0.05x1x2 48.5 48.5 3

Station ІІІ 4. “Trunk lift in 10 seconds” after performing the 
exercises Y= -0.5 – 0.1x1 – 0.3x2 + 0.1x1x2 9 82 9

Station ІV 5. “Standing long jump” after performing the 
exercises Y= -0.6 – 0.5x1 + 1.7x2 + 0.1x1x2 8 92 0

Table 4. Modes of strength exercises (combined method of strength development, variant І) for girls aged 7 years (Х1 — 
number of repetitions in a set; Х2 — rest interval, s)

Stations Method
Mode of exercises

Х1 — number of 
repetitions in a set

Х2 — rest interval, s

Station 1, exercises to strengthen arms 
and shoulders 

Dynamic effort method 5 60
Maximal effort method 3 60
Isometric effort method 5 60
Repeated effort method 12 60

Station 2, exercises to strengthen 
abdominal muscles 

Dynamic effort method 5 60
Maximal effort method 3 60
Isometric effort method 5 60
Repeated effort method 12 60

Station 3, exercises to strengthen back 
muscles 

Dynamic effort method 5 60
Maximal effort method 3 60
Isometric effort method 5 60
Repeated effort method 12 60

Station 4, exercises to strengthen leg 
muscles

Dynamic effort method 5 30
Maximal effort method 3 30
Isometric effort method 5 30
Repeated effort method 12 30
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designs are objective tools for obtaining data for the 
calculation of regression models of training effects in 
children (Khudolii, 2011; Ivashchenko, 2016).

Conclusions

The study results show that in the proposed matrix 
of the 22 type full factorial experiment design, the 
chosen step of variation of factors is sufficient to study 
the influence of different modes of strength exercises on 
the dynamics of ITE in girls aged 7 years.

At station 1 (exercises to strengthen arms and 
shoulders), the ITE in girls aged 7 is most influenced 
by the interaction between the number of repetitions 
in a set and the rest interval (x1x2) — 83%, the number 
of repetitions in a set (x1) — 15%; at station 2 (exercises 
to strengthen abdominal muscles), it is most influenced 
by the number of repetitions in a set (x1) — 48.5%, the 
rest interval (х2) — 48.5%; at station 3 (exercises to 
strengthen back muscles) — by the rest interval (x2) — 
82%; at station 4 (exercises to strengthen leg muscles) 
— by the rest interval (x2) — 92%.

At stations 1–3, to strengthen the ITE, it is necessary 
to increase the number of repetitions in a set and the 
duration of the rest interval, at station 4 — it is necessary 
to increase the number of repetitions in a set and to 
reduce the duration of the rest interval.
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Мета дослідження — експеримен-
тально обґрунтувати технологічні підходи до оцін-
ки тренувальних ефектів силових навантажень у 
дівчаток семи років.

Матеріали і методи. У дослідженні прийняли 
участь дівчатка 7 років (n = 40). Діти та їхні батьки 
були інформовані про всі особливості досліджен-
ня і дали згоду на участь в експерименті. Для ви-
рішення завдань дослідження використовувалися 
теоретичні і емпіричні методи: аналіз і узагальнен-
ня науково-методичної літератури; моделювання, 
педагогічні спостереження і експеримент, методи 
математичного планування експерименту (ПФЕ 
типу 2k).

Результати. Результати дослідження свідчать, 
що у запропонованій матриці плану повного фак-
торного експерименту типа 22 вибраний крок варі-
ювання факторів є достатнім для вивчення впливу 
різних режимів виконання силових вправ на дина-
міку ТТЕ у дівчаток 7 років. 

Висновки. Найбільший вплив на ТТЕ у дівча-
ток 7 років має на 1 станції (вправи для розвитку 
сили рук і плечового поясу) взаємодія кількості по-
вторень у підході й інтервалу відпочинку (х1х2) — 
83%, кількість повторень у підході (х1) — 15%; на 2 
станції (вправи для розвитку сили м’язів черевного 
пресу) кількість повторень у підході (х1) — 48,5%, 
інтервал відпочинку (х2) — 48,5%; на 3 станції 
(вправи для розвитку сили м’язів спини — інтер-
вал відпочинку (х2) — 82%; на 4 станції — вправи 
для розвитку сили м’язів ніг) інтервал відпочинку 
(х2) — 92%.

На 1–3 станціях для  підсилення ТТЕ необхідно 
збільшити кількість повторень у підході й трива-
лість інтервалу відпочинку, на 4 станції — необхід-
но збільшити кількість повторень у підході й змен-
шити тривалість інтервалу відпочинку.

Ключові слова: дівчатка, план повного фак-
торного експерименту, терміновий тренувальний 
ефект, силові навантаження.
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Цель исследования — эксперимен-
тально обосновать технологические подходы к 
оценке тренировочных эффектов силовых нагру-
зок у девочек семи лет.

Материалы и методы. В исследовании приняли 
участие девочки 7 лет (n = 40). Дети и их родители 
были осведомлены обо всех особенностях исследо-
вания и дали согласие на участие в эксперименте. 
Для решения задач исследования использовались 
теоретические и эмпирические методы: анализ и 
обобщение научно-методической литературы; мо-
делирование, педагогические наблюдения и экс-
перимент, методы математического планирования 
эксперимента (ПФЭ типа 2k).

Результаты. Результаты исследования свиде-
тельствуют, что в предложенной матрицы плана 
полного факторного эксперимента типа 22 выбран-
ный шаг варьирования факторов является доста-
точным для изучения влияния различных режимов 
выполнения силовых упражнений на динамику 
СТЭ у девочек 7 лет.

Выводы. Наибольшее влияние на СТЭ у де-
вочек 7 лет имеет на 1 станции (упражнения для 
развития силы рук и плечевого пояса) взаимодей-
ствие количества повторений в подходе и интерва-
ла отдыха (х1х2) — 83%, количество повторений в 
подходе (х1) — 15%; на 2 станции (упражнения для 
развития силы мышц брюшного пресса) количе-
ство повторений в подходе (х1) — 48,5%, интервал 
отдыха (х2) — 48,5%; на 3 станции (упражнения для 
развития силы мышц спины) — интервал отдыха 
(х2) — 82%, на 4 станции (упражнения для развития 
силы мышц ног) — интервал отдыха (х2) — 92%.

На 1–3 станциях для усиления СТЭ необходимо 
увеличить количество повторений в подходе и про-
должительность интервала отдыха, на 4 станции — 
необходимо увеличить количество повторений в 
подходе и уменьшить продолжительность интер-
вала отдыха.

Ключевые слова: девочки, план полного фак-
торного эксперимента, срочный тренировочный 
эффект, силовые нагрузки.
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