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Abstract

Objectives. To examine the effects of varying backpack loads and carrying durations on the time elapsed between the
first peak force (FPF) and the second peak force (SPF) during the walking gait of school-going boys.

Materials and Methods. Eighty-five boys (aged 10-12 years) from the National Capital Territory of Delhi participated.
Temporal gait parameters were measured using a Zebris Force Distribution Measurement pressure plate under five
backpack load conditions (0%, 8%, 12%, 16%, and 20% of body weight) and five carrying durations (0, 5, 10, 15, and 20
minutes). Participants walked barefoot along a 10 m walkway with the plate positioned centrally. Data from five trials

per condition were analyzed descriptively.

Results. Increasing load and duration significantly prolonged the interval between FPF and SPEF, indicating an
extended midstance phase. At 15-20% body weight, compensatory gait mechanisms began to fail, leading to longer
intervals and greater variability, suggesting biomechanical strain and reduced walking efficiency.

Conclusions. Backpack weight and carrying duration markedly influence temporal gait parameters, particularly the
FPF-SPF interval. These findings support the need for effective load management and ergonomic strategies to ensure

safe backpack use in schoolchildren.

Keywords: backpack load, first peak force, gait analysis, load carriage, midstance phase, second peak force, time

interval.

Introduction

Walking gait is the coordinated sequence of movements
critical for locomotion, providing insights into physical
health, rehabilitation, and biomechanics. The analysis of gait
mechanics is particularly relevant for understanding how
forces are distributed during walking. Key components of
gait analysis include the first and second peak forces, which
occur at heel strike and toe-off, respectively (Husain et al.,
2024a). These peak forces are critical indicators of the stresses
placed on the body during walking and offer valuable in-
formation on the body’s balance and load-bearing capacity
(Whittle, 1993; Buldt et al., 2018; Husain et al., 2024b).

Backpacks, commonly used by schoolchildren, are in-
tended to align with the body’s center of gravity to enhance sta-
bility (Pascoe et al., 1997; Sheir-Neiss et al., 2003). However, as
the weight of the backpack increases, so does the strain on the
body, which can alter walking mechanics (Perrone et al., 2018).
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Studies have shown that carrying heavy backpacks can lead
to changes in gait patterns, increased energy consumption,
and potential musculoskeletal discomfort (Macias et al., 2008;
Castro et al., 2013; Castro et al., 2015; Pau et al., 2015). Fur-
thermore, carrying a backpack for extended periods can lead
to fatigue, which in turn reduces walking speed and affects the
overall gait cycle (Chow et al., 2005; Hong et al., 2008). Chow
et al. (2005) also observed that loads exceeding ten percent of
body weight notably increased demands on the hip and ankle
joints, suggesting this as a critical threshold for load-induced
biomechanical adaptations.

Kellis and Arampatzi (2009) highlighted that carrying
schoolbags alters both temporal characteristics of gait and
ground reaction forces. They found that modes of carrying,
such as by hand versus on the back, influence gait efficiency,
with low-back backpack positions causing fewer alterations
compared to hand-carried bags. Furthermore, Hong and
Cheung (2003) identified trunk inclination as a significant
factor in load-bearing, emphasizing that backpacks exceed-
ing fifteen percent body weight induce notable increases in
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forward lean. While stride parameters remained stable under
loads of fifteen percent body weight, prolonged carrying dis-
tances exacerbated mechanical stress.

Despite extensive research on general gait alterations
due to backpack loads, studies rarely investigate the temporal
dynamics between the first and second peak forces during
the gait cycle. This interval is critical for understanding how
the body dynamically adapts to varying loads and prolonged
durations. The current study addresses this gap by explor-
ing how different backpack weights and carrying durations
influence the time elapse between these peaks in school-aged
children. By examining this specific aspect of the gait cycle,
this research aims to contribute to evidence-based recom-
mendations for safe backpack use, helping to mitigate injury
risks and enhance musculoskeletal health.

Based on the existing literature and preliminary observa-
tions, the current study hypothesizes that increasing back-
pack load and prolonged carrying duration will significantly
affect the temporal dynamics of gait, specifically by increas-
ing the time elapse between the first and second peak forces,
which may indicate biomechanical stress and compensatory
gait patterns.

Materials and Methods

Study Participants

A total of eighty-five school going boys from National
Capital Territory of Delhi, India, age ranged between 10 to
12 years were selected randomly. Participants eligible for the
study had to meet the following criteria: they were required
to be male, aged between 10 and 12 years, and confirmed
to be in good health. Those with acute or chronic illnesses
or incomplete documentation were excluded. Additionally,
participants were clearly informed of their right to withdraw
from the study at any stage during the data collection process.

Study Design

The study aimed to investigate the impact of increasing
backpack loads and extended walking durations on the time
interval between the first and second peak forces within the
gait cycle. The experimental design was utilised, where partici-
pants experienced five varying levels of backpack loads and five
durations of carrying, structured in a 5x5 experimental factors.
Further specifics of this research design are outlined in Table 1.

Instruments

A Zebris FDM (Force Distribution Measurement) pres-
sure plate, measuring 40x30 cm (Figure 1), was used in the

study to evaluate the time elapsed between the first peak force
and second peak force during walking gait. The Zebris FDM
pressure plate functions with a sampling frequency of 120 Hz
and has a measurement accuracy of +5% within its calibrated
range of 1-120 N/cm?. It utilizes capacitive pressure sen-
sors arranged in a matrix, enabling detailed mapping of force
distribution. The Zebris FDM-S system has shown excellent
internal consistency (Cronbach’s alpha exceeding 0.90) for
gait-related metrics, supported by a double retest protocol
conducted over two consecutive days. Prior studies, such as
Van Alsenoy et al. (2019), have validated the platform’s reli-
ability and accuracy in test-retest assessments. The plate op-
erated with Win FDM-S software (Zebris GmbH, Germany),
and its user manual is publicly available online (https://www.
zebris.de/fileadmin/Editoren/zebris-PDF-Manuals/Medi-
zin/Software/Alte_Versionen/Manual_zebris_ FDM_1.16.x_
RI_EN_web.pdf). The platform’s reliability and validity for
gait analysis were confirmed by Van Alsenoy et al (2019).

ﬂ;ebris

Fig. 1. The Zebris Pressure Plate

In addition, a standard backpack with double-strap,
which was similar to those commonly carried by school stu-
dents was used. It was filled with essential items typically
carried by students, replicating realistic conditions. The total
weight of the backpack was adjusted according to the ex-
perimental requirements. A calibrated weighing scale was
employed to ensure the accuracy of the backpack’s weight as
per the body weight of each subject before each trial.

Selection of the Variables

Following variables were selected for the study:
Experimental Variables (Independent Variables)

Table 1. Backpack Load and Time Duration Protocol for Data Collection

Duration/ Backpack Load D 0 minute D 5 minutes D 10 minutes D 15 minutes D 20 minutes
BL 0 Percent of BW S1...585 S1...S85 S1...S85 S1...885 S1...885
BL 8 Percent of BW S1...885 S1...585 S1...585 §1...585 S1...585
BL 12 Percent of BW S1...885 S1...885 S1...885 S1...885 S1...885
BL 16 Percent of BW S1...885 S1...885 S1...885 S1...885 S1...885
BL 20 Percent of BW S1...885 S1...885 S1...885 S1...885 S1...885

Note. S= Subject, S1= Subject First, S85= Subject Eighty-Fifth, BL = Backpack Load, BW = Body Weight, D = Duration
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Backpack load

Zero percent (no) backpack load of the bodyweight
of the subject.

Eight percent backpack load of the bodyweight of
the subject.

Twelve percent backpack load of the bodyweight of
the subject.

Sixteen percent backpack load of the bodyweight of
the subject.

Twenty percent backpack load of the bodyweight of
the subject.

Duration of carrying the backpack load (recording time)
At zero minute (at the start of the walking gait).

At 5™ minute of the walking gait.

At 10" minute of the walking gait.

At 15™ minute of the walking gait.

At 20" minute of the walking gait.

Observational Variables (Dependent Variables)

Time elapse between first and second peak forces of
the left foot (millisecond).

Time elapse between first and second peak forces of
the right foot (millisecond).

Procedure

Data collection was conducted at the Biomechanics Labo-
ratory. The informed consent was obtained from participants’
guardians in advance. Before data collection, each subject’s
body weight was measured using a calibrated scale verified
with a standard weight. A 10-meter-long wooden walkway was
constructed, with the pressure plate placed at its center to en-
sure a seamless walking path. Participants walked barefoot to
allow for more accurate and clinically appropriate gait analysis.

The testing protocol began with participants starting
from a designated line 4.5 meters before the pressure plate.
Each participant initially stepped onto the plate with their
left foot, walking naturally at a comfortable pace across the
platform while wearing the backpack. Upon reaching the
end of the walkway, 4.5 meters past the plate, they turned 180
degrees and walked back, stepping onto the plate with their
right foot. This sequence was repeated for five trials, ensur-
ing that each foot made contact with the pressure plate five
times. The Zebris FDM-S pressure plate collected data on the
selected variables, including the time interval between the
first and second peak forces, which were then processed us-
ing Win FDM-S software for analysis.

This approach ensured that the data reflected real-life
conditions, providing reliable and clinically relevant insights
into the temporal dynamics of gait under varying backpack
loads.

Statistical Analysis

The pressure platform data was exported to Excel for
analysis. Descriptive statistics, including mean, standard de-
viation were applied to interpret the results.

Results

The Figure 2 defines several key time intervals related
to gait mechanics while stepping on a pressure plate as per

65
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Fig. 2. Defining different Time Elapses of Right Foot and Left Foot
of Walking Gait. Note. a = represents the time elapse to get the first
peak force from the beginning; b = represents the time elapse to
get the second peak force from the beginning; c= represents the
time elapse to get the second peak force from the first peak force

the protocol of the study. The time elapse to reach the first
peak force (a) represents the time duration from the begin-
ning of the recording until the occurrence of the first peak
force, which is typically associated with the initial contact
and impact absorption during gait. The time elapse to reach
the second peak force (b) refers to the time duration from the
start of the recording until the second peak force, which re-
flects the propulsion phase of the gait cycle. Additionally, the
time elapse (c) between the first and second peak forces is an
important focus of this study, which indicates the duration of
the mid-stance phase, which is critical for understanding the
transition from impact absorption to propulsion.

This interval, from the first peak force to the second peak
force, is a vital aspect of gait analysis. It represents the period
during which the body shifts from absorbing the impact of
foot contact to preparing for push-off and forward propul-
sion. The duration of this phase can vary depending on fac-
tors such as load distribution, balance, and muscle strength.
Studying the time interval provides crucial insights into the
efficiency of gait mechanics, as shorter or longer durations
could indicate potential imbalances or compensatory mecha-
nisms, especially under varying physical conditions.

In this context, understanding the time elapse between
the first and second peak forces is essential for evaluating how
different factors, such as varying backpack loads and carry-
ing durations, influence gait stability and efficiency. A longer
time elapse between these two peaks could suggest altered
biomechanical strategies to cope with increased load, while a
shorter duration might reflect an adaptive response to mini-
mize the impact of such loads. By focusing on this temporal
pattern, the current study aims to assess how these variations
affect overall gait performance and to provide insights into the
biomechanical implications of load carrying during walking.

The result of the study is depicted from Table 2 to Table 7.

The table 2 represents the time elapse to get the first peak
force of left foot at the selected bag weights with selected
recording time.

The table 3 represents the time elapse to get the second
peak force of left foot at the selected bag weights with selected
recording time.

The table 4 represents the time elapse to get the second
peak force from first peak force of left foot at the selected bag
weights with selected recording time.
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Table 2. Descriptive Statistics of the Time Elapse to Get First Peak Force of Left Foot at the Selected Bag Weights with
Selected Recording Time

Time Elapse to Get First Peak Force (millisecond) of Left Foot

S.No. Bag/ Time B1 B2 B3 B4 B5
Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD
1 T1 150.94 + 30.65 155.18 + 54.13 155.06 + 28.89 150.00 + 32.11 153.88 +29.44
2 T2 147.29 + 26.52 148.12 + 33.40 153.88 + 26.64 144.12 +27.18 162.71 + 38.93
3 T3 147.65 + 27.59 156.35 + 45.30 154.24 + 28.05 147.76 +24.17 159.76 £ 61.16
4 T4 153.41 + 37.75 149.29 + 31.61 148.82 + 26.30 147.06 + 32.62 151.76 + 25.87
5 T5 144.24 +26.20 147.53 + 28.15 156.24 + 32.95 147.88 +£21.22 151.76 £ 29.16

Note: Rounded to two digits after the decimal; N=85; T1= Recording at zero minute; T2= Recording at fifth minute; T3= Recording at tenth
minute; T4= Recording at fifteenth minute; T5= Recording at twentieth minute; B1= 0Percent Backpack Load of Bodyweight (No bag); B2=
8Percent Backpack Load of Bodyweight; B3= 12Percent Backpack Load of Bodyweight; B4= 16Percent Backpack Load of Bodyweight; B5=
20Percent Backpack Load of Bodyweight.

Table 3. Descriptive Statistics of the Time Elapse to Get Second Peak Force of Left Foot at the Selected Bag Weights with
Selected Recording Time

Time Elapse to Get Second Peak Force (millisecond) of Left Foot

SNo. bag/ B1 B2 B3 B4 B5
Time
Mean = SD Mean + SD Mean *+ SD Mean = SD Mean + SD
1 T1 494.00 + 55.34 497.18 £ 71.02 505.29 + 61.35 483.76 + 64.73 485.88 + 56.62
2 T2 484.82 +51.26 484.24 + 59.89 491.18 £ 51.81 475.65 + 63.76 503.18 + 61.03
3 T3 471.41 +54.40 496.59 + 68.06 500.35 + 55.62 484.71 £ 55.52 496.12 £ 67.63
4 T4 485.18 £ 61.27 497.65 + 69.64 492.71 £ 62.59 482.00 + 58.18 491.65 + 58.65
5 T5 474.59 + 49.63 496.47 + 58.45 504.12 + 64.37 484.71 £ 55.84 496.71 £ 61.01

Note: Rounded to two digits after the decimal; N=85; T1= Recording at zero minute; T2= Recording at fifth minute; T3= Recording at tenth
minute; T4= Recording at fifteenth minute; T5= Recording at twentieth minute; B1= OPercent Backpack Load of Bodyweight (No bag); B2=
8Percent Backpack Load of Bodyweight; B3= 12Percent Backpack Load of Bodyweight; B4= 16Percent Backpack Load of Bodyweight; B5=
20Percent Backpack Load of Bodyweight.

Table 4. Descriptive Statistics of the Time Elapse to Get Second Peak Force from First Peak Force of Left Foot at the Selected
Bag Weights with Selected Recording Time

Time Elapse from First Peak Force to Second Peak Force (millisecond) of Left Foot

SNo. Bag/ Bl B2 B3 B4 B5
Time
Mean = SD Mean + SD Mean + SD Mean = SD Mean + SD
1 T1 343.06 + 24.69 342.00 + 16.89 350.23 + 32.46 333.76 £ 32.62 332.00 +27.18
2 T2 337.53 +£24.74 336.12 + 26.49 337.30 £ 25.17 331.53 + 36.58 340.47 + 22.10
3 T3 323.76 + 26.81 340.24 + 22.76 346.11 + 27.57 336.95 + 31.35 336.36 + 06.47
4 T4 331.77 £23.52 348.36 + 38.03 343.89 + 36.29 334.94 + 25.56 339.89 + 32.78
5 T5 330.35 +23.43 348.94 + 30.30 347.88 +31.42 336.83 + 34.62 34495 + 31.85

Note: Rounded to two digits after the decimal; N=85; T1= Recording at zero minute; T2= Recording at fifth minute; T3= Recording at tenth
minute; T4= Recording at fifteenth minute; T5= Recording at twentieth minute; B1= 0Percent Backpack Load of Bodyweight (No bag); B2=
8Percent Backpack Load of Bodyweight; B3= 12Percent Backpack Load of Bodyweight; B4= 16Percent Backpack Load of Bodyweight; B5=
20Percent Backpack Load of Bodyweight.

The table 5 represents the time elapse to get the first peak
force of right foot at the selected bag weights with selected
recording time.

The table 6 represents the time elapse to get the second
peak force of right foot at the selected bag weights with se-
lected recording time.

The table 7 represents the time elapse to get the second
peak force from first peak force of right foot at the selected
bag weights with selected recording time.

Discussion

The study highlights the significant influence of varying
backpack loads and carrying durations on the temporal dy-
namics of walking gait, particularly the time elapse between
the first peak force (FPF) and the second peak force (SPF),
which reflects the midstance phase. The results indicate that

both heavier loads and prolonged durations lead to a longer
midstance phase, reflecting increased biomechanical stress
and adaptive responses to maintain stability. These findings
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Table 5. Descriptive Statistics of the Time Elapse to Get First Peak Force of Right Foot at the Selected Bag Weights with
Selected Recording Time

S.No.

Bag/
Time

Time Elapse to Get First Peak Force (millisecond) of Right Foot

B1

B2

B3

B4

B5

Mean = SD

Mean + SD

Mean = SD

Mean = SD

Mean + SD

1
2
3
4

5

T1
T2
T3
T4
T5

147.53 £20.17
144.35 £ 19.55
144.59 +21.58
143.06 £ 26.05
140.12 £ 17.89

148.90 £ 35.32
144.50 £ 28.31
150.70 +£25.90
156.00 + 41.44
150.70 +£24.73

154.59 £ 49.08
147.53 + 24.68
151.06 + 25.17
151.41 +25.87
157.88 + 40.65

146.59 £25.43
146.24 +28.99
143.76 £ 21.60
145.76 £ 24.61
143.65 £ 19.20

147.40 £ 24.11
152.50 +27.60
151.90 + 40.28
150.20 + 23.40
150.50 +27.38

Note: Rounded to two digits after the decimal; N=85; T1= Recording at zero minute; T2= Recording at fifth minute; T3= Recording at tenth
minute; T4= Recording at fifteenth minute; T5= Recording at twentieth minute; B1= OPercent Backpack Load of Bodyweight (No bag); B2=
8Percent Backpack Load of Bodyweight; B3= 12Percent Backpack Load of Bodyweight; B4= 16Percent Backpack Load of Bodyweight; B5=

20Percent Backpack Load of Bodyweight.

Table 6. Descriptive Statistics of the Time Elapse to Get Second Peak Force of Right Foot at the Selected Bag Weights with

Selected Recording Time

Time Elapse to Get Second Peak Force (Newton) of Right Foot

SNo. bag/ B1 B2 B3 B4 B5
Time
Mean + SD Mean + SD Mean = SD Mean + SD Mean + SD
1 T1 494.47 £ 51.26 498.60 + 63.90 509.29 + 71.01 481.88 £ 50.93 489.70 + 49.17
2 T2 486.35 + 46.36 483.30 £ 55.75 491.06 + 48.23 470.94 + 68.10 494.80 + 52.14
3 T3 482.82 +43.52 502.50 + 55.48 495.65 + 50.41 477.88 £ 43.10 492.70 £ 55.71
4 T4 479.65 + 55.39 502.50 + 65.10 498.24 + 58.31 481.06 + 58.23 494.80 + 51.33
5 T5 476.82 + 41.55 499.30 + 50.77 503.41 + 54.89 488.24 £ 56.76 491.20 +£47.29

Note: Rounded to two digits after the decimal; N=85; T1= Recording at zero minute; T2= Recording at fifth minute; T3= Recording at tenth
minute; T4= Recording at fifteenth minute; T5= Recording at twentieth minute; B1= OPercent Backpack Load of Bodyweight (No bag); B2=
8Percent Backpack Load of Bodyweight; B3= 12Percent Backpack Load of Bodyweight; B4= 16Percent Backpack Load of Bodyweight; B5=

20Percent Backpack Load of Bodyweight.

Table 7. Descriptive Statistics of the Time Elapse to Get Second Peak Force from First Peak Force of Right Foot at the

Selected Bag Weights with Selected Recording Time

Time Elapse to Get Second Peak Force from First Peak Force (millisecond) of Right Foot

$.No. fi‘:ﬁi Bl B2 B3 B4 B5
Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD
1 T1 346.94 £ 31.09 349.70 + 28.58 354.70 £ 21.93 335.29 £ 25.50 342.20 £ 25.06
2 T2 342.00 £ 26.81 338.80 £ 27.44 343.53 £ 23.55 324.70 £ 39.11 342.40 + 24.54
3 T3 338.23 £21.94 351.80 £ 29.58 344.59 £25.24 334.12 £ 21.50 340.80 £ 15.43
4 T4 336.59 £ 29.34 346.50 £ 23.66 346.83 £ 32.44 335.30 + 33.62 344.60 £27.93
5 T5 336.70 £ 23.66 348.60 £ 26.04 345.53 £ 14.24 344.59 £ 37.56 340.70 £ 19.91

Note: Rounded to two digits after the decimal; N=85; T1= Recording at zero minute; T2= Recording at fifth minute; T3= Recording at tenth
minute; T4= Recording at fifteenth minute; T5= Recording at twentieth minute; B1= OPercent Backpack Load of Bodyweight (No bag); B2=
8Percent Backpack Load of Bodyweight; B3= 12Percent Backpack Load of Bodyweight; B4= 16Percent Backpack Load of Bodyweight; B5=

20Percent Backpack Load of Bodyweight.

align with studies such as Kellis and Arampatzi (2009), which
reported that load carriage alters gait parameters, increas-
ing ground reaction forces and leading to prolonged support
phases. Similarly, Chow et al. (2005) noted disruptions in
gait mechanics, including slower walking speed and reduced
stride length, with heavier backpack loads. However, the pre-
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sent study uniquely focuses on the time elapse between peak
forces, a variable that has received limited attention in the
literature. In comparison, Han (1993) demonstrated simi-
lar findings of increased double-support phase and forward
trunk lean under heavy loads, emphasising compensatory
adaptations like greater knee flexion during the weight-bear-
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ing phase. Han’s study complements these findings by show-
ing how load redistribution strategies under high loads are
biomechanically essential but introduces insights from joint
torque and muscle activity, especially in spinal erectors.
Existing research often emphasises broader gait param-
eters, such as ground reaction forces (Hong et al., 2003; Sokhi et
al,, 2022) and plantar pressures (Pau et al., 2015; Ahmad et al,,
2019; Balko et al., 2022). While these variables provide valuable
insights, they do not capture the detailed effects of load carriage
on the time elapse between FPF and SPE The current study
addresses this gap, demonstrating how temporal changes (time
elapse) in peak forces reflect the interplay of load and fatigue.
Interestingly, the results also reveal fluctuations in peak
force timing at critical load thresholds (e.g., 15-20% of body
weight). These fluctuations may indicate a biomechanical
tipping point where compensatory strategies begin to falter,
leading to inefficient gait patterns. Studies such as those by
Knapik et al. (2004) and Harman et al. (2000) similarly ob-
served critical thresholds beyond which load-induced strain
becomes pronounced. However, unlike these studies, which
primarily focus on static measures such as posture or broad
kinetic metrics, the current study offers a dynamic perspec-
tive by analysing the temporal interval between peak forces,
providing a more comprehensive understanding of how gait
adapts over time under load. This is further corroborated by
Thakurta et al. (2016), who found gender-specific sensitiv-
ity to loads, particularly in females, where stride length de-
creased, and stride rate increased with heavier loads.
Moreover, while previous studies (Chow et al., 2005;
Paez-Moguer et al., 2019) have examined the effects of back-
pack weight and walking duration on posture and stride
characteristics, the specific variable of time elapse between
FPF and SPF remains underexplored. This temporal measure
is critical because it reflects both the impact absorption and
propulsion phases of gait, offering insights into load redis-
tribution and stability. The study contributes to the growing
body of evidence on load carriage by emphasising this novel
variable, which has implications for injury prevention and
ergonomic design. Han (1993), for example, suggested that
maintaining the body’s centre of mass at a lower vertical posi-
tion under load was a compensatory mechanism to mitigate
strain. Similarly, Figueiredo (2011) noted increased plantar
pressure in specific foot regions with heavier loads, aligning
with the temporal gait disruptions observed in our results.
The study highlights the underappreciated impact of
backpack loads and carrying durations on the temporal dy-
namics of peak forces during walking gait. By focusing on a
variable that has been largely overlooked in existing research,
present work not only fills a critical gap in the literature but
also offers actionable insights for improving the safety and ef-
ficiency of load carriage in school-aged children. These find-
ings underscore the importance of continued exploration into
load-induced biomechanical adaptations to inform guidelines
and interventions aimed at promoting health and well-being.
In conjunction with related studies (Han, 1993; Thakurta et
al., 2016; Figueiredo, 2011) the results further reinforce the
importance of dynamic gait analysis in understanding load
distribution and its implications for human locomotion. The
findings of the present study align with the proposed hypoth-
esis. As predicted, increasing backpack loads and extended
carrying durations significantly affected the temporal dynam-
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ics of gait. Specifically, the significant increase in time elapse
between the first and second peak forces observed at loads
exceeding 15% body weight indicates compensatory biome-
chanical responses. These results suggest that excessive loads
may compromise normal walking patterns, thereby increas-
ing the risk of musculoskeletal strain in school-going boys.

Limitations of the Study

The study has certain limitations. The sample comprised
only school-going boys aged 10 to 12 years from the Delhi
NCR region, which may restrict the generalisability of the
findings to other genders, age groups, or populations from dif-
ferent geographical areas. Additionally, the data was collected
under controlled laboratory conditions on a wooden walkway;,
which might not fully replicate real-world scenarios where un-
even terrain and varying surfaces could influence gait patterns.

Strengths of the Study

The study fills a critical gap in existing literature by ex-
amining the underexplored temporal interval between the
first and second peak forces during the gait cycle. This unique
focus provides valuable insights into how varying backpack
loads and carrying durations impact the midstance phase of
gait, a crucial aspect of stability and propulsion. The use of
advanced instrumentation, such as the Zebris FDM pressure
plate, ensures precise and reliable data collection, adding to the
robustness of the findings. Additionally, well-structured 5x5
experimental framework allow for the validity of the results.

Future Implications

Future research can expand upon this study by exploring
diverse populations, including younger children, adolescents
and those with pre-existing musculoskeletal conditions, to
increase the generalisability of the findings. It would also
be valuable to examine other biomechanical variables, such
as muscle activation patterns, joint torques, and angular
kinematics, to gain a more comprehensive understanding
of how the body compensates under different load condi-
tions. Furthermore, conducting studies in real-world envi-
ronments with varying terrains could provide deeper insights
into the practical implications of load carriage. Ultimately,
this research can contribute to policy recommendations for
schools, parents and healthcare professionals, promoting
awareness and preventive measures to safeguard children’s
health and well-being.

Conclusions

The study highlights the significant influence of increas-
ing backpack loads and prolonged carrying durations on the
temporal dynamics of walking gait. It highlights the extended
midstance phase as an adaptive response to biomechanical
stress, suggesting that load thresholds beyond 15-20% of
body weight may lead to inefficiencies in gait. These findings
contribute to the development of evidence-based guidelines
for safe backpack use, particularly for school-aged children,
and emphasise the need for ergonomic interventions to re-
duce potential musculoskeletal risks. Further research could
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expand on this work by exploring diverse populations, addi-
tional biomechanical variables, and more dynamic environ-
ments to enhance the applicability of these insights.
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Bnnuns Bapiauii macu proKk3aka Ta TPMBaNOCTi MOro HOCiHHA
Ha iHTepBan yacy MixK nepwum i Apyrum nikoBumm
3yCUNNAMMN Nig Yac xoab6owm WwKonApiB-xnonuis

Pa6is Xyceitn'P°PE, [Txanankoii [lloy"ABCPE

"Yuisepcurer [erni, Iupis
ABTOpCchKNMil BRI A — nusaiiH gocmipkeHuss; B — 36ip ganux; C — crataHanis; D — migroroska pykormcy; E — 36ip kowtis

Pegepar. Crarrs: 8 ., 7 Tabu., 2 puc., 25 mxeper.

Bcerym. ITinTpuMaHHA CTIiIKOCTi Ta IIOCTYNMAaIbHOTO PYXY IIifl Yac XOAbOM — 0COOIMBO 3 HABAaHTA)KEHHAM — BIMMAarae ITOCTill-
HOT'O KOPUTYBAHH: ITapaMeTpiB XOA1.

Merta. BusHaunTy BIIMB pisHOI MacK pIoK3aKa Ta TPMBAJIOCTi 10ro HOCIHHA Ha iHTepBajl 4acy MiXK IEPIINM IiKOBUM 3yCUJUIAM
(FPF) i gpyrum nikoBum sycwuisam (SPF) mig gac xogp6u MIKO/ISIPiB-X/TOMIIIB.

Marepianu i MmeTopm. Y focipkeHHi B3smM y4acTb 85 xytonuis Bikom 10-12 pokis 3 HanionanbHoi cTonnyHoi TepuTopii Hdeni.
TemmopasbHi mapaMeTpy X0 BUMIPIOBa/IN 32 JOIIOMOrO0 TUCKOBOI Iratgopmu Zebris Force Distribution Measurement y w’situ
yMOBaX HaBaHTa)XeHH: prok3akoM (0%, 8%, 12%, 16% Ta 20% macu Tisa) Ta mpu I ATH TpuBanocTsax Hocinus (0, 5, 10, 15 ta 20 xB).
YuacHuky poxonunu 60coHbK 10-MeTpoBy ZOPIXKKY 3 ITaT(GOPMOI0, PO3TAIIOBAHOIO TocepennHi. [/t KOXKHOI yMOBM BUKOHYBa-
M IUSATD CIpo6; TaHi aHaIisyBaIu 3 BUKOPUCTAHHAM OIMMICOBOI CTATUCTUKIL.

Pesynbraru. 3i 30i/IbliIeHHsAM HaBaHTaKeHHsI Ta TpUBaI0OCTi HOoCiHHs iHTepBan MK FPF i SPF cyTTeBO 3pocTaB, 1110 BKasye Ha
[IOfIOBXXEHHs cepeHboi pasn onopu. I1pu HaBaHTaXKeHHI 15-20% Macy Ti/Ta KOMIIEHCATOPHI MeXaHi3MM X0/ [OYMHA/IN BTPadaTu
ebeKTUBHICTB, 1110 IPOSIBIISIOCS 301/IbIIIEHHAM iHTepBaIiB i BapiabenbHOCTI, CBifdaun mpo 6ioMexaHiuHe HaNIPy>)KEHHS Ta 3HVKEH-
Hs1 e(peKTUBHOCTI XOfbO.

BucnoBknu. Maca prok3aka Ta TPMBa/liCTb JIOTO HOCIHHSA iCTOTHO BIUIMBAIOTh Ha T€MIIOPaJIbHI TapaMeTpU X0y, 30KpeMa Ha
inrepsan Mk FPF i SPE OTpumaHi pesynbraTy HiIKpecIo0Th HeoOXifHICTh e()eKTMBHOTO KOHTPOJIIO Bary PIOK3aka Ta BIPOBa-
IKeHHS eprOHOMIYHUX CTPATETill /1A 6e3IIeYHOr0 10r0 BUKOPUCTAHHS IIKOIAPAMIL.

KnrouoBi croBa: mMaca proksaka, Iepiie IiKoBe 3yCH/UISL, aHaJI3 XOAM, HOCIHHSI HaBaHTaXEHHs, cepefiHs dasa oropu, gpyre
IiKOBE 3yCUJIIA, iHTepBa yacy.
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Abstract

Objectives. This study explored the impact of intentionally designed constraints on the creativity of Generation Z
pre-service teachers (GZ-PSTs) enrolled in a public educator preparation program (EPP). Grounded in Stokes’ (2009)
Constraint-Based Model of Novelty (C-BMN), the research investigated whether input (“use what you got”) and
output (“this is what it looks like”) constraints could enhance creative problem-solving, particularly in the context of

captioning a visual prompt.

Materials and Methods. A nonequivalent posttest-only quasi-experimental design was used with a convenience
sample of 39 GZ-PSTs, randomly assigned to one of three conditions: input constraint, output constraint, or constraint-
free (control). All participants completed the same creative task—captioning a cartoon image. Captions were evaluated
using the validated NEW rubric (Henriksen et al., 2015), which measures novelty, effectiveness, wholeness, and total
creativity score (TCS). Two trained faculty raters independently scored the responses. Kruskal-Wallis and Dunn’s
(1964) post hoc analyses were used to test differences between groups, and inter-rater reliability was confirmed via

Cohen’s kappa.

Results. Statistically significant differences were found across all creativity dimensions, with the constraint-free group
scoring the lowest (TCS M = 5.54) and the output constraint group scoring highest (TCS M = 12.27). Effect sizes were
moderate to large. These findings support the premise that designed constraints—when thoughtfully implemented—

can scaffold creative thinking in pre-service teachers.

Conclusions. The study highlights the value of integrating constraint-based strategies in educator preparation,
especially for Generation Z learners who have experienced highly structured, test-driven K-12 environments.
Embedding such strategies may empower pre-service teachers to think creatively within standardized curricular

frameworks.

Keywords: generation Z pre-service teachers, creativity, designed constraints, educator preparation, C-BMN

framework.

Introduction

Standardized testing in the United States has significant-
ly shaped classroom instruction, often narrowing the cur-
riculum to focus on tested subjects and changing how teach-
ers perceive education (Wéick & Shaughnessy, 2024). This is
particularly relevant for Generation Z pre-service teachers
(GZ-PSTs)—individuals born between 1995 and 2010 (Fodor
& Jaeckel, 2018) - and raised within highly structured K-12
environments—who are now entering educator preparation
programs (EPPs) shaped by similar top-down expectation
(Fraser & Hawly, 2023). These pre-service teachers must
be prepared not only to traverse through content-rigid cur-
riculm and high accountability standards but also be able
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to design engaging and differentiated lessons to meet their
students’ needs. While there is an abundance of anecdotal
observations and general descriptions of Generation Z in
popular media and educational literature, there remains a
lack of empirical research specifically focused on their crea-
tive thinking skills within the context of pre-service teacher
education (Nicholas & Arlene, 2020).

One promising approach to promoting creativity within
such environments is the use of intentionally designed con-
straints, which structure the problem space in ways that fos-
ter originality rather than limit it (Stokes, 2009). Constraints
can take many forms: input constraints, or “use what you got,”
which limit available tools or information; and output con-
straints, or “this is what it looks like,” which limit the format
or structure of the final product. Research findings suggest
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that when applied purposefully, such constraints can enhance
creative performance by focusing attention, reducing deci-
sion fatigue, and fostering more divergent thinking (Roskes,
2015; Tromp & Baer, 2022).

While designed constraints have been studied in the
context of business, engineering, and the arts, limited em-
pirical research exists on their effects in teacher education,
particularly among Generation Z learners. Given their back-
ground in standards-based schooling, GZ-PSTs may respond
uniquely to constraint-based tasks. This study addresses that
gap by examining how input and output constraints influence
the creativity of GZ-PSTs in a specific task that does not re-
quire any prior creative talent, captioning a cartoon. Framed
by the Constraint-Based Model of Novelty (C-BMN) (Stokes,
2009), this research investigates whether these structured
limitations enhance or inhibit creative performance.

Statement of the Problem

Prior research has demonstrated that intentionally de-
signed constraints can positively influence creativity and
performance among Millennial populations, including pre-
service teachers (Hinchman, 2022) and collegiate athletes
(Hinchman et al., 2023). These studies provided evidence
that structured limitations—such as input constraints (“use
what you got”) and output constraints (“this is what it looks
like”)—can serve as productive cognitive tools that foster in-
novation within defined boundaries. However, despite these
promising findings, there remains a critical gap in the litera-
ture regarding how Generation Z pre-service teachers (GZ-
PSTs) respond to constraint-based tasks.

Despite growing calls for creativity in education, educa-
tor preparation programs (EPPs) often operate within rigid
curricular standards that mirror the structured environments
in which Generation Z pre-service teachers (GZ-PSTs) were
themselves educated (McLaughlin & Berlinghoff, 2022).
These future educators are expected to foster creative think-
ing in their own classrooms, yet they have limited experience
navigating or designing instruction under constraint-based
conditions that promote creativity. The problem addressed in
this study is the lack of empirical research on how constraint-
based instructional strategies influence the creativity of GZ-
PSTs, particularly in contexts where creative flexibility must
coexist with highly structured curricula.

Literature Review

This study is grounded in Stokes’ (2009) Constraint-
Based Model of Creativity (C-BMN), which conceptualizes
creativity not as the absence of limitation, but as the pro-
ductive navigation of structured problem spaces. The frame-
work consists of four interrelated constructs: (a) the creativity
problem, (b) constraints, (c) variability, and (d) the prob-
lem space (Stokes, 2006, 2009). Any problem that requires
creativity to resolve typically begins as an ill-structured one,
meaning it lacks a linear or singular resolution pathway. The
problemy’s resolution depends on the strategic usage of con-
straints, which serve to both block conventional pathways
and activate novel solutions. Constraints guide the problem-
solver to reframe the task, reinterpret resources, and renovate
within imposed boundaries. Variability relates to assortment
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of possible outcomes that emerge within the constrained
problem space, where higher variability is associated with
more novel and original outputs (Stokes, 2006). The problem
space represents the mental arena in which cognitive opera-
tions occur—its design, structure, and constraints influence
the types of behaviors and ideas that can emerge. The C-BMN
emphasizes that creative acts are not spontaneous or free-
form but are shaped by how individuals perceive and navigate
constraints in a bounded space (Stokes, 2001, 2006, 2014). In
this study, the C-BMN guided both the design of the experi-
mental tasks and the interpretation of how Generation Z pre-
service teachers (GZ-PSTs) responded to input and output
constraints in a structured captioning problem.

Recent research findings confirm that constraints can
have both facilitative and inhibitory effects on creative per-
formance, depending on their type, combination, and im-
plementation context. A comprehensive meta-analysis by
Damadzic et al. (2022) found that designed constraints gen-
erally enhance creative output, particularly when they are
moderately restrictive and well-aligned with task demands.
Constraints help reduce cognitive overload by narrowing the
problem space, thereby encouraging individuals to engage
in deeper processing, explore non-obvious solutions, and
avoid default or habitual responses (Hatchuel & Chen, 2017;
Haught-Tromp, 2017). This supports prior work suggesting
that input constraints (e.g., “use what you got”) and output
constraints (e.g., “this is what it looks like”) can activate di-
vergent thinking by limiting choices in ways that direct at-
tention and stimulate novelty (Stokes, 2013; Rosso, 2014).
Constraints do not uniformly benefit all individuals or situa-
tions. The interaction of constraint types—whether imposed,
self-imposed, or resource-based—plays a key role in shaping
creative problem-solving (Cromwell, 2024).

Generation Z pre-service teachers (GZ-PSTs) have been
shaped by a cultural and educational landscape marked by
heightened fear, stress, and standardization (Adrian & Sahra-
ni, 2021). Their K-12 educational experiences often empha-
sized rote memorization and performance on standardized
assessments, which can suppress opportunities for synthesiz-
ing knowledge and applying it in novel contexts (Gologlu
Demir & Kaplan Keles, 2021). As a result, educator prepa-
ration programs (EPPs) face unique challenges in cultivat-
ing creativity among GZ-PSTs, who often require supportive
learning environments that address both their cognitive and
social-emotional needs (Erenli, 2016; Hosek & Titsworth,
2016; Miller & Mills, 2019).

The purpose of this quantitative, nonequivalent posttest-
only quasi-experimental study was to examine the effects of
intentionally designed constraints—input or output—on the
creativity of Generation Z pre-service teachers (GZ-PST) en-
rolled in a US southwestern educator preparation program.
A convenience sample of 39 students, all over the age of 18
and participating under exempt IRB approval, were assigned
to one of three groups: an input constraint group (ICG), an
output constraint group (OCG), or a control group with no
constraint (CCG). Participants completed a creative caption-
ing task for the same Al-generated cartoon image. Creativ-
ity was assessed using the NEW rubric (Henriksen et al.,
2015), which evaluates three dimensions of creative perfor-
mance: novelty, effectiveness, and wholeness. A Total Crea-
tivity Score (TCS) was also calculated by summing the three
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domain scores. This study aimed to determine whether the
type of constraint imposed produced statistically significant
differences in creativity outcomes among GZ-PST, address-
ing a critical gap in the literature on specific constraint-types
influence creative outputs of this educator cohort.

This study tasked 39 GZ-PST to caption the same Al-
generated cartoon (Appendix A). 13 GZ-ST captioned the
cartoon using an input constraint (ICG), 13 GZ -ST using an
output constraint (OCG), and 13 GZ -ST without a constraint
(CCQG).

Research Questions and Hypotheses

To address the study’s central problem and purpose, the
following overarching research question was posed: How
do intentionally designed constraints influence the creative
captioning performance of Generation Z pre-service teach-
ers (GZ-PST)? This guiding question was further explored
through three specific research questions focused on com-
paring creativity outcomes—measured by the NEW rubric
domains of novelty, effectiveness, and wholeness, as well as
the composite Total Creativity Score (TCS)—across partici-
pants assigned to input-constraint, output-constraint, and
control conditions.

RQ,: Is there a statistically significant difference between
the means of the Total Creativity Scores (TCS) among the
input-constraint, output-constraint, and control groups in
caption creativity produced by GZ-PST?

H,: No statistically significant difference exists in in the
mean Total Creativity Scores (TCS) among the three groups:
input-constraint, output-constraint, and control.

H, : WfICG=pOCG=uCCG

H, : A statistically significant difference exists in in the
mean Total Creativity Scores (TCS) among the three groups:
input-constraint, output-constraint, and control.

H, : fICG pOCG or PICGUCCG or pOCG pCCG

RQ,: Is there a statistically significant difference in crea-
tivity—measured by novelty, effectiveness, wholeness, and
the Total Creativity Score (TCS)—between the Input Con-
straint Group (ICG) and the Control Group (CCG)?

H ,: There are no statistically significant differences in
the mean scores for novelty, effectiveness, wholeness, or the
Total Creativity Score (TCS) between the Input Constraint
Group and the Control Group.

H,,: WICG, novelty=pCCG, novelty and pICG,
effectiveness=puCCG, effectiveness and uICG, wholeness
=nCCG, wholeness and pICG, TCS=pCCG, TCS

H, : There is a statistically significant difference in at least
one of the mean scores (novelty, effectiveness, wholeness, or
TCS*) between the Input Constraint Group and the Control
Group.

H,,: fICG uCCG
for at least one of the creativity dimensions or the TCS

RQ,: Is there a statistically significant difference in crea-
tivity—measured by novelty, effectiveness, wholeness, and
the Total Creativity Score (TCS)—between the Output Con-
straint Group (OCG) and the Control Group (CCG)?

H,,: There are no statistically significant differences in
the mean scores for novelty, effectiveness, wholeness, or the
Total Creativity Score (TCS) between the Output Constraint
Group and the Control Group.
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H,,: HOCG, novelty=uCCG, novelty and pOCG,
effectiveness=pCCG, effectiveness and pOCG, wholeness
=uCCG, wholeness and pOCG, TCS=pCCG, TCS

H, : There is a statistically significant difference in at least
one of the mean scores (novelty, effectiveness, wholeness, or
TCS*) between the Output Constraint Group and the Con-
trol Group..

H,.: pOCG pCCG
for at least one of the creativity dimensions or the TCS

Materials and Methods

This study employed a nonequivalent posttest-only qua-
si-experimental design with a comparison group (NPQCG)
to investigate the effects of intentionally designed constraints
on the creative performance of Generation Z pre-service
teachers (GZ-PST). This design was selected due to the nat-
ural classroom grouping structure within a US southwest-
ern Educator Preparation Program (EPP), which precluded
random assignment while still enabling comparative anal-
ysis across experimental and control conditions (Leedy et
al., 2019). In this design, two treatment groups—the Input
Constraint Group (ICG) and the Output Constraint Group
(OCG)—were compared to a Constraint-Free Control Group
(CCG). Each group included 13 participants, resulting in a
total sample size of 39 GZ-PSTs.

This NPQCG design allowed for the examination of
treatment effects post-intervention without a pretest. As all
participants were drawn from intact course sections within
the same EPP and received similar academic instruction and
program experiences, this quasi-experimental approach pro-
vided practical internal validity despite the lack of random
assignment.

Participants

The participants were 39 Generation Z pre-service teach-
ers (GZ-PSTs) enrolled in a public university educator prepa-
ration program (EPP) in the US southwest. All participants
were publicly educated within the region and were accepted
into the EPP under consistent admission criteria, which in-
cluded a minimum cumulative grade point average (GPA)
of 3.0.

To ensure relative homogeneity across groups, all par-
ticipants completed the same sequence of coursework, par-
ticipated in gradual-release style field experiences, and were
taught by the same faculty members. This uniform academic
and clinical background helped to reduce potential variabil-
ity in instructional exposure and cognitive development that
might influence creativity outcomes.

All participants were 18 years of age or older and vol-
untarily consented to participate under an exempt proto-
col approved by the university’s Institutional Review Board.
Participants were assigned to one of three conditions: the
Input Constraint Group (ICG; n = 13), the Output Con-
straint Group (OCG; n = 13), or the Constraint-Free Control
Group (CCG; n = 13). The sample was predominantly female
(66.7%), with all participants reporting a public-school back-
ground. The majority identified as White (87.2%) and un-
married (92.3%). Participants represented a range of certifi-
cation areas, with the largest proportion pursuing elementary
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certification (43.6%), followed by high school Social Stud-
ies (17.9%), and various content-specific and specialty areas
across grade bands (see Table 1).

Table 1. Demographic Characteristics of Participants

Variable Category n %
Gender Male 13 333
Female 26  66.7

Educational Experience Public School 39 100
Race African America 3 7.7
White 34 872
Other 2 5.1
Marital Status Married 3 7.7
Unmarried 36 923
Certification Area Elementary 17 43.6
Middle School Math 1 2.6
Middle School Science 1 2.6
High School Math 2 5.1
High School Science 1 2.6
High School Social Studies 7 17.9
Physical Education 4 103
Art/Music/Theatre 6 154

Note. Note, n= 39; Percentages are rounded to one decimal place.

Data Source

Two primary data sources were used in this study: a cap-
tionless cartoon image and a standardized creativity assess-
ment rubric. The cartoon, adapted from a New Yorker-style
format, served as the stimulus for a captioning task designed
to elicit creative responses from participants. Creativity was
evaluated using the NEW rubric (Henriksen et al., 2015),
which assessed each caption across three domains—novel-
ty, effectiveness, and wholeness—as well as a composite Total
Creativity Score (TCS).

A brief demographic questionnaire was also adminis-
tered to collect descriptive data on participants’ gender,
educational background, ethnicity, marital status, and cer-
tification area. The survey was accompanied by clear writ-
ten instructions to minimize misinterpretation and enhance
response validity. Though surveys and rubrics have known
limitations related to subjectivity and consistency, these con-
cerns were mitigated by training two independent raters and
establishing inter-rater reliability procedures. The alignment
between the rubric and the constructs being measured was
also verified through content validity review.

These data sources were essential in addressing the
study’s research questions and hypotheses, enabling a quan-
titative analysis of how intentionally designed constraints
influenced creative performance among GZ-PSTs.

Instrumentation

The captions generated by the participants were evalu-
ated using the NEW Rubric (Henriksen et al., 2015). The
rubric measures creative products across three subdimen-
sions: novelty, effectiveness, and wholeness, using a 5-point
Likert-type scale (1 = minimal, 5 = exceptional). These three
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subdimension scores were summed to produce a Total Crea-
tivity Score (TCS) ranging from 3 to 15.

This study adapted the original rubric to assess cartoon
captions instead of full projects as intended by the original
authors. The structure and scoring anchors remained un-
chained, the descriptors were slightly modified to reflect the
short-form caption responses. In this study, novelty refers to
the originality and uniqueness of the caption; effectiveness
assess is clarity and communicative strength; and wholeness
reflects its alignment contextually with the image presented.

Two trained raters independently scored each caption
using the rubric. Inter-rater reliability and content validity
procedures are described in the following section.

Validity and Reliability

Two trained university faculty members independently
evaluated each caption using the adapted NEW Creativity
Rubric (Henriksen et al., 2015). To establish the alignment
between the rubric criteria and the intended constructs of
creativity, a content validity ratio (CVR) was calculated fol-
lowing the guidelines of Ayre and Scally (2014). Three subject
matter experts reviewed the rubric’s alignment with the con-
structs of novelty, effectiveness, and wholeness. The resulting
CVR was 1.00, which exceeds the recommended threshold of
.99, indicating strong content validity.

Inter-rater reliability was assessed using Cohen’s kap-
pa for each scoring dimension. The results indicated substan-
tial to almost perfect agreement: novelty (k = .798), effective-
ness (k = .900), wholeness (x = .837), and total creativity
score (TCS) (k = .704). These values suggest a high level of
consistency between raters, supporting the reliability of the
scoring process (Landis & Koch, 1977).

Procedure

Three problem space packets were prepared corre-
sponding to the study conditions: Input Constraint Group
(ICG), Output Constraint Group (OCG), and Constraint-
Free Control Group (CCG). Each packet included (a) an
informed consent form, (b) a demographic questionnaire, (c)
group-specific instructions for captioning, and (d) the visual
problem space—a captionless cartoon image modeled in the
style of The New Yorker (see Appendix A).

Participants were recruited from professional education-
al courses during the fall term at the US southwest public
university EPP during a four-day window. The researcher
visited six courses during that window across the morning
and window to administer the materials in person. The data
collection procedure was standardized across all sessions.

At the beginning of each session, participants reviewed
and signed the informed consent form. They were then pro-
vided with a sealed, opaque envelope containing one of the
pre-randomized problem-space packets. Packet distribution
was randomized using a sequential number generator to
minimize researcher bias in group assignment. Participants
were unaware of which constraint group they were assigned
to until opening the packet.

After completing the demographic form, participants
were instructed to review the cartoon and compose a cap-
tion according to the instructions specific to their assigned
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group. This task required approximately 15 minutes. Upon
completion, participants placed all materials—the informed
consent form, demographic questionnaire, and completed
caption—back into the provided nontransparent envelope
and returned it to the researcher.

All 39 completed packets were then reviewed by two in-
dependent faculty raters, who assessed each caption using
the adapted NEW Rubric (Henriksen et al., 2015). Each cap-
tion was evaluated for novelty, effectiveness, and wholeness,
with scores combined to yield a Total Creativity Score (TCS).
Inter-rater reliability and content validity procedures were
implemented prior to analysis to ensure scoring consistency
and construct alignment (Ayre & Scally, 2014).

Data Analysis

The data were analyzed using the Statistical Package for
Social Sciences (IBM SPSS Statistics, 2024). Prior to analysis,
data were screened for normality and outliers. Due to the
presence of significant outliers and non-normal distribution
across several variables, a nonparametric Kruskal-Wallis H
test was used to assess differences among the three groups:
Input Constraint Group (ICG), Output Constraint Group
(OCQG), and Constraint-Free Control Group (CCG).

Results

To address the first research question, a Kruskal-Wallis
H test was used to compare creativity scores across the three
constraint conditions: Input Constraint, Output Constraint,
and Constraint-Free Control. Statistically significant differ-
ences were found across all creativity dimensions.

For novelty, the test revealed a significant difference
among the groups, x*(2) = 18.532, p < .001. A similar pat-
tern was found for effectiveness, x*(2) = 14.315, p < .001,
and wholeness, *(2) = 19.434, p < .001. The groups also dif-
fered significantly on Total Creativity Score (TCS), x*(2) =
18.093, p <.001.

These results indicate that the type of constraint applied
had a significant effect on the creative captioning abilities of
Generation Z pre-service teachers across all measured do-
mains, rejecting Null Hypothesis 1. Table 2 reports the mean
creativity scores in for each constraint group.

Table 2. Creativity Scores by Constraint Group

Constraint Mean Mean Mean Mean

Group Novelty Effectiveness Wholeness  TCS
ICG 13 3.846 3.654 3.615 11.115
OCG 13 3.731 4.308 4.231 12.269
CCG 13 1.577 1.1644 1.1065 5.538

Post hoc Dunn’s (1964) pairwise comparisons were con-
ducted to address Research Questions 2 and 3. Results re-
vealed statistically significant differences in Total Creativity
Scores (TCS) between both the Input Constraint Group and
the Constraint-Free Control Group, x*(2) = 14.577, p <.001,
and the Output Constraint Group and the Constraint-Free
Control Group, x*(2) = 17.615, p < .001 (Table 6) . Signifi-
cant differences were also observed across all subcomponents
of creativity: novelty (Table 3), effectiveness (Table 4), and
wholeness (Table 5) . As such, the null hypotheses for both
Research Questions 2 and 3 were rejected. These findings
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indicate that both input and output constraints significantly
improved the creative performance of Generation Z pre-ser-
vice teachers compared to no constraints.

Effect size calculations using Cohen’s n* further support
these findings, with large effects observed for both groups: the
Output Constraint Group showed effect sizes of .427 (nov-
elty), .399 (effectiveness), .534 (wholeness), and .484 (TCS),
while the Intput Constraint Group showed comparably large
effects across the same domains. These results suggest that
designed constraints meaningfully enhance creativity in this
population.

Table 3. Dunn’s Pairwise Comparison Post Hoc Test for
Novelty

Samples Dg;?;zngt Std. Error 22;::: Sig.
ICG-CCG 16.077 4.381 3.670 <.001
OCG-CCG 16.577 4.381 3.784 <.001
ICG-OCG -.500 4.381 -.114 909

Table 4. Dunn’s Pairwise Comparison Post Hoc Test for
Effectiveness

Dunn’s Test Std. Test

Samples Statistic Std. Error Statistic Sig.
ICG-CCG 10.269 4.349 2.361 .018
OCG-CCG 16.269 4.349 3.741 <.001
ICG-OCG -6.000 4.349 -1.380 .168

Table 5. Dunn’s Pairwise Comparison Post Hoc Test for
Wholeness

Dunn’s Test Std. Test

Samples Statistic Std. Error Statistic Sig.
ICG-CCG 13.808 4384 3.149 .005
0CG-CCG 18.615 4.384 4.246 <001
ICG-OCG -4.808 4.384 -1.097 818

Table 6. Dunn’s Pairwise Comparison Post Hoc Test for
Total Creativity (TCS)

Dunn’s Test Std. Test .
S Statistic Sl Statistic Sig.
ICG-CCG 14.555 4.428 3.292 <.001
OCG-CCG 16.577 4.428 3.979 <.001
ICG-OCG -.500 4.428 -.686 493
Discussion

The purpose of this study was to examine the effects
of intentionally designed constraints—specifically input and
output constraints—on the creative performance of Genera-
tion Z pre-service teachers (GZ-PSTs). Guided by the Con-
straint-Based Model of Creativity (C-BMN) (Stokes, 2009),
this study sought to determine how structured limitations
affect creativity in a population of future educators raised in
standardized, public education systems. All participants were
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publicly educated and enrolled in a teacher preparation pro-
gram with a common curricular pathway, offering a highly
relevant context for examining how structured tasks might
promote creativity in a generation often critiqued for risk-
aversion and preference for guided learning.

Statistically significant differences were found between
both constraint groups and the constraint-free control group
across all measured dimensions of creativity—novelty, ef-
fectiveness, wholeness, and Total Creativity Score (TCS).
These results offer strong support for the underlying hypoth-
eses and reinforce prior research on the positive impact of
designed constraints in creative performance (Hinchman,
2022; Hinchman et al., 2023). The control group consist-
ently scored lowest on each sub-component, highlighting a
critical concern about the absence of constraints. When no
constraints were applied, GZ-PSTS produced a significantly
less creative caption. These findings reveal that GZ learn-
ers may struggle with open-ended prompts or unstructured
tasks but may thrive under designed conditions that guide
them toward completion.

This is consistent with Roskes’ (2015) work on motivation
schemas, which suggests that success-driven individuals often
benefit from structured environments. Both input and output
constraints may provide GZ-PSTs with the scaffolding needed
to organize their thinking and activate divergent ideas within a
focused space. The findings of the present study also align with
Tan et al. (2023), who demonstrated that targeted instruction
enhances critical and creative thinking in learners, particu-
larly in online or self-regulated settings. In this case, designed
constraints acted as a form of targeted cognitive structure that
amplified the creative engagement of participants.

This study contributes to the growing body of research
on how Generation Z pre-service teachers—especially those
educated in highly structured public-school systems—can
cultivate creativity within similarly structured educational
environments. The results both validate the C-BMN overall
usage but also emphasizes that GZ-PSTS may require spe-
cific conditions and limitations (like designed constraints)
to maximize their creative potential. The very low creativity
scores in the absence of such supports underscore the risks
of assuming that creativity will emerge naturally in teacher
preparation programs without instructional design strategies
that incorporate constraint.

This work adds to a growing consensus among scholars
that creativity can flourish under conditions of structured
uncertainty, particularly when learners are taught how to
identify and work within constraints (Tromp & Baer, 2022).
In line with Taylor (2019), who explored the deliberate teach-
ing of creativity in higher education, this study suggests that
constraint-based tasks can be taught as a strategic peda-
gogical method—particularly for populations trained under
rigid curricula. These findings advocate for the integration
of constraint-based instruction into educator preparation
programs to better support creativity development in novice
teachers, especially as they transition into classrooms gov-
erned by highly structured standards and assessments.

Implications

The findings of this study hold significant implications
for educator preparation programs (EPPs) seeking to foster
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creativity in Generation Z pre-service teachers, particularly
those who have been educated in traditional, standards-
based public-school systems. The consistently low creativ-
ity scores among participants in the constraint-free group
underscore a crucial insight: creativity does not automati-
cally emerge in the absence of structure. Rather, intention-
ally designed constraints—whether encouraging students to
“use what you got” (input constraints) or specifying “this is
what it looks like” (output constraints)—serve as produc-
tive cognitive scaffolds that help preservice teachers access
deeper levels of originality, clarity, and contextual integration
in problem-solving tasks.

Given how structured the K-12 learning environment
can be with prescribed curricula and strict regulated ob-
servation cycles, it is essential that pre-service teachers are
equipped with skills to innovate from within. One impli-
cation of this study is the importance of explicitly training
pre-service teachers to recognize, apply, and design con-
straint-based strategies to maximize creative potential within
structured environments. Learning how to think inside the
curricular box through constraints, pre-service teachers can
redesign existing lesson limitations to develop imaginative
new learning experience for their future students.

Educator preparation programs should consider embed-
ding constraint-based creativity training into professional
courses, fieldwork reflections, lesson design, and instruction-
al planning modules. For example, pre-service teachers could
be taught to design tasks with intentional output limits (e.g.,
word count, media type, fixed usage) or input constraints
(e.g., predefined vocabulary, mandatory resources, or fixed
thematic lenses). Such strategies can be directly applied to
teaching highly structured curricula, enabling pre-service
teachers to move from procedural compliance to creative
transformation within rigid systems.

Future Research

Building on the findings of this study, future research
should explore the intersection of cognitive load theory and
designed constraints in higher education learning environ-
ments. While the current results support the use of constraints
to enhance creativity among Generation Z pre-service teach-
ers, it remains unclear how these constraints interact with
learners’ cognitive processing capacities. Investigating how
different types of constraints (e.g., input vs. output) affect
working memory, task complexity, and mental effort could
provide valuable insight into optimizing instructional design
in teacher education. This line of research may also clarify
which constraint formats best support deep learning and
creativity without overwhelming learners, particularly in
high-stakes or content-dense coursework. Such work would
further refine the application of constraint-based pedagogy
in preparing future educators for innovation within struc-
tured curricular systems.

Conclusions

The study highlights the value of integrating constraint-
based strategies in educator preparation, especially for Gen-
eration Z learners who have experienced highly structured,
test-driven K-12 environments. Embedding such strategies
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may empower pre-service teachers to think creatively within

standardized curricular frameworks.
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APPENDIX A: Caption Problem Spaces

CCG Problem Space

OCG Problem Space : WIS s
Provide an original caption to the following cartoon in exactly seven words. You can use any words that you wish to caption this cartoon. Provide an original caption to the following cartoon.

Word #1 Word #2 Word #3 Word #4 Word #5 Word #6 Word #7

ICG Problem Space

PProvide an original caption to the following cartoon. You will need to use at least one concrete noun from the left column and one
concrete verb from the right column. Please note that you are allowed to modify the words to meet the needs of your caption (¢.g.
change tense)

oun List: Verb List:

. Cancer Answer

. Elevator Ask
. Hurricane
. Jacket

1

2

3 - Cry
4

5. Kool-Aid

6

.

8.

. Demand

. Murder
. Nail
. Screw

. Interrupt
Mutter
Observe

9. Reason

10. Rejoin

11. Remark

12. Repeat

13. Reply

14. Return

15. Suggest

1
2
3
4.
5. Inquire
6
7
8

9. Shirt
10. Stairway
11. Sunshine
12. Tango
13. Titanic
14. Window
15. Wrench

Mani 3cyBun — Benuki 3406yTKN: nepeoCMNC/IeHHA
KpeaTuBHOCTI Y A00Y nig3BiTHOCTI

Timori I'aHuman'ABCPE
YuiBepcurer JIxxoppxii Cayrepn

ABTOpCHKNMI BRI A — Iu3aiiH gocmipkeHHs; B — 36ip ganux; C — crataHanis; D — migroroska pykorcy; E — 36ip kowtis

Pedepar. Crarts: 9 c., 6 Tabn., 3 puc., 32 mxepena.

Merta. Y focifpkeHH] BUBYABCs BIUIMB 1Ii/IECIIPSIMOBAHO CKOHCTPYIIOBAaHMX 0OMeXKeHb Ha KPeaTUBHICTb IIPeCTaBHMUKIB 110-
KOJIHH: Z — CTyfeHTiB nefaroriynux creniansHocteit (GZ-PSTs), 1110 HaBYaIOTbCS Y Aep>KaBHIll Iporpami MiAroTOBKI IIearoris
(EPP). Ciimparouncs Ha Mogernb HOBU3HY Ha 0cHOBI o6Mexenb Crokc (Constraint-Based Model of Novelty, C-BMN; 2009), niepesi-
PpsiIu, 4u 35aTHI 0OMeXXeHHsI Ha BXOAIi («BUKOPUCTAI] Te, 110 MA€Il») Ta Ha BUXO/I («OCh SIK Ile MA€ BUMIAAATI») IiJCH/IIOBATI TBOpYE
PO3B’sA3aHHs MPo6/IeM, 30KpeMa B KOHTEKCTi CTBOPEHHSI TIfICY [0 Bi3ya/IbHOTO CTUMYILY.

Marepianmm ta MeTogu. 3aCTOCOBAHO KBa3ieKCIepUMEHTA/IbHUI IM3aliH 3 HEEKBiBa/leHTHUMU IPyNaMy Ta JUILE HifICyM-
KOBVIM TeCTYBaHHSM; BUKOPUCTAHO BUOIpKy 3pydHOCTi 3 39 GZ-PSTS, sAKMX BUNASKOBO POSIORIININ HA TPU TPYNN, SKi Masu:
06MeXXeHHsI Ha BXOZii, 0OMe)XeHHsI Ha BUXO/1 Ta BiiCyTHICTh 0OMeXXeHb (KOHTPO/ID). YCi y9aCHNMKM BIUKOHYBA/IM OfHAKOBE TBOpUE
3aBIaHHA — CTBOPUTH MIINUC IO KapUKATypHOro 306pakeHHA. OL[iHIOBaHHSA MiANNCIB 3/iIICHIOBAIOCS 3a Ba/IiJOBaHOI PyOpu-
kot NEW (Henriksen ta in., 2015), 110 BUMipto€e HOBU3HY, e(eKTUBHICTb, L{i/TiCHICTH Ta 3arabHMII MOKasHUK KpearnsHocTi (TCS).
JIBO€ MifiroTOB/IEHMX BUK/Ia/jauiB He3asIe)KHO OIIiHIOBa/MM BifnoBifi. A mepeBipky MDKIPYNOBMX BijMiHHOCTEN 3aCTOCOBaHO
kputepiit Kpyckana—Yonnica ta nocr-xok ananis /lanna (1964), a MIXKEKCIIEPTHY Y3TO[PKEHICTD MiTBEPKEHO Koe(biuieHTOM
karma Koena.

PesynpraTu. BusiB/ieHO CTaTMCTHYHO 3HAYYII BifMIHHOCTI 3a BciMa BUMipaMyl KpeaTMBHOCTI: HaltHYDK4i 6aj oTpuMana rpy-
1a 6e3 oomexeHb (TCS M = 5,54), HaiiBuii — rpyIa 3 ooMexxeHHAM Ha Buxoni (TCS M = 12,27). Posmipu edekry 6ynu Bif cepenHix
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no Bemkyx. OTpyMaHi pe3ynbTaTi MiTBePIKYIOTh IIPUITYLIEHHS, 10 IIPOYMaHO CIIPOEKTOBaHI 0OMEeXEHHA MOXXYTb CIyTyBaTH
eheKTMBHOIO OIIOPOIO /151 TBOPYOTO MUC/IEHHS MallOyTHIX yunTesiB.

BucnoBku. [locmimKeHH MKPECITIOE IHHICTb iHTerpalil cTpareriit Ha OCHOBI 0OMeXXeHb Y IIPOrpaMi MiIrOTOBKM Mefjaroris,
0COOIMBO 151 TOKOJIHHS Z, sIKe HAaBYAJIOCs Y BUCOKOCTPYKTYPOBAHOMY, OPiEHTOBaHOMY Ha TecTu cepepouiii K-12. BoynosysaH-
HS TAaKUX CTPATETiil MOXKe Ha/jaTy MaiibyTHIM yUUTe/IAM 3MOTY MUC/IUTH TBOPYO B MEXKaX CTaHJapPTU30BAHNUX KYPUKY/IbHUX PAMOK.

Kimro4oBi coBa: CTyzieHTH-TIejlaroryt HOKOMiHHA Z, KpeaTUBHICTD, CIIPOEKTOBAaHI 0OMe)XeHH A, IIi/Ir0TOBKA IIefjaroris, paMKa
C-BMN.
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Abstract

Objectives. To substantiate the construction of the process of development of speed abilities of players of the U-15 age

category in futsal throughout the macrocycle.

Materials and Methods. The study involved 15 U-15 players, representatives of the Municipal Institution «Children’s
and Youth Sports School» of the Bogodukhov City Council (Kharkiv Region), participants of the Ukrainian Futsal
Championship (U-15) of the 2024-2025 season. The study was conducted in accordance with the ethical principles of
the “Helsinki Declaration”. Participation in them was voluntary, about which the athletes signed consent. To solve the
tasks of the study, a set of research methods was used: analysis of scientific and methodological literature; pedagogical
observation; pedagogical testing; methods of mathematical statistics.

Results. Analysis of the dynamics of the development of speed abilities of U-15 age category futsal players during

the macrocycle revealed that statistically significant increase in the result is observed only in the preparatory period
(t=11.42, p<0,001). During the competitive period, statistically significant differences between the test results were not
revealed (t=0.83, p>0.05; t=1.97; p>0,05), however, negative dynamics are observed at the end (t=-1.00; p>0.05).
Conclusions. Futsal puts forward specific requirements for the physical training of players, in particular, for the
development of speed abilities and their ability to react instantly in conditions of frequent changes in the game
situation. The conducted analysis of the dynamics of the development of speed abilities of players showed that a reliable
improvement in indicators occurs only in the preparatory period, and in connection with the long competitive period,
there is a stabilization of average indicators, however, some players have shown negative dynamics. In this regard, the
construction of the training process for the development of speed abilities should be based on scientifically sound
methods that take into account the age characteristics of players, the specifics and nature of the competitive load in

futsal.

Keywords: training process, training means, physical qualities, preparatory period, competitive period, load.

Introduction

Futsal is one of the fastest growing sports. Futsal’s popu-
larity is currently associated not only with the high emo-
tional intensity of the game, but also with the simplicity of
the rules and minimal requirements for the courts (Petrenko
& Petrenko, 2021). In addition, regular futsal classes have a
comprehensive impact on young athletes, contribute to an
increase in the level of motor activity, improve the functional
capabilities of players and have a positive effect on physical
development (Strykalenko et al., 2024).

At the same time, in order to improve the organizational
and methodological support for the process of training young
futsal players, it is necessary to use scientifically based ap-
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proaches (Strykalenko et al., 2021; Strykalenko et al., 2022).
This requires searching for modern scientific and innovative
methods for constructing training activities in various peri-
ods of the annual training cycle (Kostenko, 2023) and the use
of modern means and methods of teaching specific technical
and tactical actions (Sadiq, 2021).

It is worth noting that for a more effective training pro-
cess in futsal, the issues of developing priority physical quali-
ties that are most inherent in this particular type of foot-
ball are acute (Vons et al., 2020), since the physical fitness of
young players affects the formation of moral and volitional
qualities (Patriychuk & Ivanyshyn, 2024; Sekulic et al., 2021;
Spyrou et al., 2020).

However, scientific research and practical recommenda-
tions for improving the physical fitness of players are mainly
related to classic football. However, as far as scientific devel-
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opments in the construction of the process of physical train-
ing of young athletes in futsal, and especially the development
of speed abilities, are concerned, they are only fragmentary.

Taking into account all of the above, the construction of
the process of developing the speed abilities of young futsal
players during the macrocycle and its justification, based on
the study of the dynamics of indicators, is relevant and deter-
mines the theoretical and practical significance.

Materials and Methods

Study Participants

The study involved 15 U-15 players, representatives of the
Municipal Institution «Children’s and Youth Sports School» of
the Bogodukhov City Council (Kharkiv Oblast), participants
of the Ukrainian Futsal Championship (U-15) of the 2024-
2025 season. The study was conducted in accordance with the
ethical principles of the «Declaration of Helsinki». Participa-
tion was voluntary, to which the athletes signed consent.

Study Organization

For players in the U-15 age category, a macrocycle struc-
ture and content for developing speed abilities have been
developed, and the timing of control testing has been deter-
mined (Figure 1).

The analysis of the dynamics of speed abilities develop-
ment was carried out on the basis of comparison of the results
of control tests using the «15 m sprint» test, conducted on the
1st week of the preparatory period and on the 2nd, 7th, 16th
and 22nd weeks of the competitive period.

To develop the speed abilities of futsal players of the U-15
age category, a wide range of running exercises was used
during the macrocycle. In the preparatory part of the lesson,
special running exercises were used: running with a high
hip lift; throwing the heels back; jogging; running with side
steps; jumping run; running on straight legs; running with
small steps. At the beginning of the main part of the lesson,
the following means were used: running from a high start for
a distance of 10 to 50 m; starts in different positions; relay

running; running downhill; high-intensity running for short
segments with weights; jumping run for 20-40 m. In addition,
futsal-specific means were used to increase speed potential,
including: fast dribbling of the ball for 20-30 m; jumping ex-
ercises with the ball; changing the direction of movement at
high speed. The means involved were used within the frame-
work of two methods: repeated and serial. The training load
was mostly selected individually and included repeating one
exercise from 6 to 10 times, and the rest pause between rep-
etitions of the exercises lasted until the body’s performance
was restored, at which high-quality performance of the exer-
cise was possible and lasted from 60 to 180 seconds.

Statistical Analysis

To process the research results, statistical data processing
methods were used using Microsoft Excel software, which
made it possible to observe the dynamics of data and their
percentage ratio. To compare the obtained test results, an
even two-sample Student’s t-test was used for average values.
When evaluating statistical hypotheses, we proceeded from a
5% probability level, which ensures the necessary accuracy in
pedagogical research. Paired two-sample for averages.

Results

To determine the dynamics of the development of speed
abilities of futsal players of the U-15 age category during the
macrocycle, 5 control tests were conducted, of which 1 at the
beginning of the preparatory period, 2-5 during the competi-
tive period (Table 1, Figure 1).

The first test (15 m sprint) was conducted on the first
week of the preparatory period to determine the current state
of the athletes. The average result was 2.61 s, and the aver-
age deviation was 0.11 s. The players’ results were within the
range: min = 2.85 s, max = 2.44, and the difference between
the results was 0.41 s.

The second test was conducted on the second week of
the competition period, two weeks before the first round
of the competition. The average result of the players was
2.52 £0.11 s, with the best result of 2.39 and the worst 2.77 s.

10(11[12

w

17

(o]

22|23|24|25(26(2

~

31/32|33 373839

Compet
ition

14%16

19@21 28%30 34%36

Period preparatory

competitive transition

Stage GP SP

competitive recovery
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Fig. 1. Load distribution for the development of speed abilities of futsal players of the U-15 age category in the structure of the
macrocycle. Note: Period: P - preparatory; C — competitive; TR - transitional. Stage: GP - generally preparatory; SP - special
preparatory; C — competitive; R — recovery. Mesocycles: Rt - retracting; B — basic; SP - special preparatory; PC - pre-competition, C -
competition; RP - recovery and preparatory; RS - recovery and supportive. Microcycles: Rt - retracting; S - shock (developmental) ; P-
preliminary; C - competition; R — recovery
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Table 1. Results of 15m sprint testing during a macrocycle of U-15 futsal players, (n=15)

1 testing, 2 testing, 3 testing, 4 testing, 5 testing,

Ne 1 week 2 week Difference 7 week Difference 16 week  Difference = 22 weeks  Difference

preparatory competition 1-2,s competition 2-3,s competition 3-4,s competitive 4-5,s

period, s period, s period, s period, s period, s

1 2.63 2.57 0.06 2.53 0.04 2.56 -0.03 2.55 0.01
2 2.51 2 .45 0.06 2 .41 0.04 2 .40 0.01 2 .42 -0.02
3 2 44 2.39 0.05 2 .40 -0.01 2.37 0.03 2.38 -0.01
4 2.57 2 .45 0.12 2 .49 -0.04 2 .46 0.03 2 .45 0.01
5 2 .64 2.54 0.10 2.53 0.01 2.52 0.01 2.52 0.00
6 2.73 2.59 0.14 2.62 -0.03 2.53 0.09 2.55 -0.02
7 2.85 2.74 0.11 2.72 0.02 2.72 0.00 2.70 0.02
8 2 .61 2.52 0.09 2.54 -0.02 2.53 0.01 2.55 -0.02
9 2.59 2.51 0.08 2.55 -0.04 2.52 0.03 2.53 -0.01
10 2 .47 2 .40 0.07 2.43 -0.03 2 .41 0.02 2.39 0.02
11 2.58 2.49 0.09 2 .44 0.05 2.43 0.01 2.45 -0.02
12 2.66 2.54 0.12 2 .49 0.05 2.50 -0.01 2.50 0.00
13 2.54 2.41 0.13 2.39 0.02 2.38 0.01 2.42 -0.04
14 2.81 2.77 0.04 2.72 0.05 2.70 0.02 2.68 0.02
15 2.59 2 .47 0.12 2 .47 0.00 2 .49 -0.02 2.50 -0.01
X 2.61 2.52 0.09 2.52 0.00 2.50 0.02 2.51 -0.01

All players showed positive dynamics of the result increase,
fluctuating between 0.05 and 0.14 s.

The third test was conducted on the 7th week of the com-
petition period, two weeks before the second round of the
competition. The average result was 2.52 + 0.10 s. The best
result remained at 2.39 s, and the worst improved to 2.72 s.
At the same time, positive dynamics of test results were ob-
served only in 8 players and ranged from 0,01 to 0,05. Neutral
dynamics were detected in 1 player and negative dynamics
were detected in 6 players, which ranged from - 0.01 to - 0.04.

The fourth test was conducted on the 16th week of the
competition period, two weeks before participation in the
third round of the Ukrainian Futsal Championship. The aver-
age result of the players improved to 2.50 + 0.10 s, but 3 ath-
letes demonstrated negative dynamics of the observed (- 0.01
—-0.03s), and 1 - neutral.

The fifth test was conducted on the 22" week of the com-
petitive period, two weeks before participation in the fourth
(final) round of the competition. Despite the improvement of
max=2.38 s and min=2.70 s results, there is a deterioration in
the average result — 2.51 £ 0.09 s. Compared to the previous
test, negative dynamics are observed in 8 players.

The analysis of the dynamics of the test results made it
possible to determine the statistical difference in the indica-
tors (Table 2).

The study of the dynamics of the average result of the
players was conducted using an even two-sample Student’s
criterion for average values. It was found that during the
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Table 2. Analysis of the dynamics of 15 m sprint
performance during the macrocycle of U-15 futsal players,
(n=15).

Testing Xto t P
1 2.61£0.11
11.42 <0.001
2 2.52+0.11
2 2.52+£0.11
0.83 >0.05
3 2.52+£0.10
3 2.52+£0.10
1.97 >0.05
4 2.50 £0.10
4 2.50+£0.10
-1.00 >0.05
5 2.51 £0.09

preparatory period there was a statistically significant in-
crease in speed abilities (t=11.42, p<0.001), which on average
amounted to 0.09 s. This can be explained by the effectiveness
of the adaptation processes that took place in the first period
of the macrocycle. Analysis of the dynamics of the develop-
ment of speed abilities during the competitive period did not
reveal statistically significant differences between the average
indicators (t=0.83, p>0.05; t=1.97; p>0.05; t= -1.00; p>0.05).
This can be explained by the stabilization of results in the sec-
ond period of the macrocycle. At the same time, the negative
dynamics of results in some players may be associated with
the accumulation of fatigue, insufficient individual load and
other factors, which requires further research.
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Discussion

This study assumed that futsal is a speed-strength sport
and puts forward specific requirements for the development
of players’ motor skills, in particular, speed abilities. This
requires the formation of a proprietary futsal concept for the
development of motor skills, which should currently become
a priority area of research for both theorists and practitioners.

The conducted research confirms that the high dyna-
mism of futsal is due to the nature of competitive activity,
which involves multiple accelerations, instant start from a
place, quick inclusion in the rivalry and the performance of
explosive actions with the ball. The obtained results are con-
sistent with the findings of foreign researchers Santa Cruz et
al. (2015), who define the main physical qualities that are of
priority importance for futsal. These include starting speed,
distance speed, speed endurance and explosive power. It is
these components of physical training that determine the
player’s ability to quickly adapt to a variable game situation,
ensure effective movement around the court and the imple-
mentation of technical and tactical actions at a high pace.

At the same time, for the development of effective train-
ing programs, it is key to determine the nature of the compet-
itive load in futsal. Thus, according to Horbenko & Kohanetz
(2012), during the performance of such game actions as
sprints, accelerations, returns to the defense zone and sprint-
brake movements, players are predominantly in conditions
of submaximal and maximum intensity (HR > 180 bpm),
and the total volume of such actions is 600-800 m per match
with 260-300 s of active playing time. Such intensity of the
load indicates the need for targeted development of speed
qualities, the ability to react quickly and effectively recover
between episodes of high activity.

Summarizing the results of testing futsal players aged 20
to 30 years, playing in the Extra League of Ukraine, domestic
experts Strikalenko, Shalar & Guzar (2020) determined the
dynamics of the level of physical fitness. Thus, the increase
in the result in the test “15 m sprint” during the preliminary
period is 19.60%. At the same time, our research has revealed
that for players of the U-15 age category, the dynamics of
indicators in a similar test during the preparatory period,
which lasted 11 weeks, is significantly lower. The average in-
crease in the indicator was 3.52% and ranged from 1.42% to
5.13%.

In addition, as noted by Stasiuk (2013), a long competi-
tive period in futsal requires the use of various training pro-
cess tools to maintain optimal athletic form. In the structure
of each competitive mesocycle, in addition to competitive
and recovery microcycles, those aimed at maintaining the
physical and functional fitness of players should also be used
and play an important role in maintaining the stability of
physical form, allowing athletes to maintain a high level of
readiness and include tools that promote effective function-
ing. This is confirmed by our study. Thus, during the 24-week
competitive period, it was possible to maintain a sufficient
level of development of the players’ speed abilities (the av-
erage result of the «15 m sprint» test was: Week 2 - 2.52 s;
Week 7 — 2.52 s; Week 16 — 2.50 s; Week 22 — 2.51 s). This
was facilitated by the use of exercises that contributed to:
maintaining explosive speed; improving reaction and adapt-
ability to changes in the game situation; developing move-
ment speed and team interaction; increasing coordination
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and leg strength; improving the frequency of movements and
ball control; maintaining explosive power and start speed;
developing coordination and maneuverability.

The use of these tools is consistent with the research of
foreign experts (Kassiano et al., 2019), who consider the de-
velopment of speed, explosive and anaerobic strength of the
lower limbs to be an important aspect of the training process
for young futsal players. But as the authors note, the selection
of training exercises should take into account: the develop-
ment of fast attacks; improvement of positional attacks; con-
trol and possession of the ball at high speeds; improvement of
speed technical and tactical actions in martial arts.

The introduction of specialized methods will improve
the efficiency of the training process and adapt the physical
training of players to the specific requirements of futsal.

Conclusions

Futsal puts forward specific requirements for the physi-
cal training of players, in particular, for the development of
speed abilities and their ability to react instantly in conditions
of frequent changes in the game situation.

The conducted analysis of the dynamics of the devel-
opment of speed abilities of players showed that a reliable
improvement in indicators occurs only in the preparatory
period, and in connection with the long competitive period,
there is a stabilization of average indicators, however, some
players have shown negative dynamics.

The construction of the training process for the devel-
opment of speed abilities should be based on scientifically
sound methods that take into account the age characteristics
of players, the specifics and nature of the competitive load in
futsal.
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Po3BUTOK WIBMAKICHNX 38i6HOCTEN rpaBUiB BiKOBOI
KaTeropii u-15 nporarom makpouukny B ¢yr3ani

Jleonin 3aiteB'A*P?, Makcum Mimnu'4<P, Cepriii J/le6enen

'XapkiBcbKa fiep)kaBHa akajieMis QisuuHOI KyIbTypu

1AD

ABTOpCBHKMIT BKTaZ: A — am3aits gocnipkenHs; B — 36ip janux; C - crarananis; D - migroroska pykonucy; E - 36ip komris

Pedepat. Cratps: 6 c., 2 Tabn., 1 puc., 15 mxepert.

Merta gocmifKeHHA — 00IPyHTYBaTU OOYOBY IPOLieCY PO3BUTKY WIBUAKICHMX 31i0HOCTEl! rpaBLiB BikoBoi kaTeropii U-15y
dyT3a/i IPOTATOM MaKpOLUKIIY.

Martepiamu i MeTomm. Y focrimkeni 6pamm ydactb 15 rpasiis kareropii U-15, npencrasauku KomyHanbHoi ycranoBu «[Iuts-
40-IOHAIbKa CIIOPTUBHA LIKO/Ia» borogyxiscbkoi Michkol pajy (XapkiBcbka 06macTs), yqacHuku Yemmionaty Ykpainu 3 GyTsary
(U-15) cesony 2024-2025 pp. Cepenti Bik rpaBiiB ck1aias 14,8 pokis. JlocmifKeHHs IPOBOANIOCH BiJIIOBIAHO O €TUYHUX IPUH-
uynis «lenbcincpkoi Jexmapariii». Y4acTs B HUX Biff0yBanmoch Ha JOOPOBUIBHUX 3acafiax, PO 110 CIIOPTCMEHMN IIiINCAINA 3TORY.
Jl1s1 BupilieHHs IOCTAB/ICHNUX 3aB/aHb JOCII/PKEHHS POOOTH 3aCTOCOBYBABCS KOMIUIEKC METO/IB ZOCTIIKEeHb: aHa/Ii3 HAYKOBO-Me-
TOIVMYHOI JIiTepaTypy; IeflaroriyHe CIIOCTEpEXKEHH; MeflaroriyHe TeCTYBaHHA; METOAY MaTeMaTUYHOI CTaTUCTUKMN.

PesynbraTu. AHanis JuHaMiKM pO3BUTKY LIBUAKICHMX 37jiOHOCTel! rpaBLiB BikoBoi kateropil U-15 y ¢yrsai nporsarom ma-
KPOLVIKITY BUABMB, 1[0 CTATUCTUYHO JOCTOBIPHUIT IPUPICT Pe3y/IbTaTy CIOCTePIiraeThCs MIle y mifrotrosdomy nepioni (t=11,42,
p<0,001). IIpoTATOM 3MaranabHOTO Iepiofy CTATUCTUYHO FOCTOBIPHNX BiIMiHHOCTE! MiX pe3ynbTaTaMy TeCTyBaHH:A Ha BUABICHO
(t=0,83, p>0,05; t=1,97; p>0,05), pasom 3 TMM HaIIPUKIHI[i CIOCTEPIra€ThCs HeraTMBHA AuHaMika (t= -1,00; p>0,05).

Bucnosku. ®yr3an Bucysae crnenydivai Bumorn 1o (isnvHOI MArOTOBKM IPaBIiB, 30KpeMa 10 PO3BUTKY IUBMIKICHUX 3Ii-
6HOCTel! Ta IX 34aTHOCTI 0 MUTTEBUX PeakIiill B yMOBAaX 4acToi 3MiHM irpoBoi curyaii. [IpoBefeHnit aHasIis AMHAMIKY PO3BUTKY
MIBMAKICHUX 3[i0HOCTeN IpaBLiB BUABYB, 1O JOCTOBipHE MOKPAIlleHHs IIOKa3HUKIB BiJI6YBa€TbCH JIMILE B IiIFOTOBYOMY IIepiony,
a'y 3B’513Ky 3 TPMUBA/IMM 3MarajbHUM I1epiofjoM Bif0yBaeThcs cTabiisalis cepefiHiX MOKasHMKIB, IPOTe Y AesIKUX TPABLIB BUIBIIE-
HO HEraTMBHY JAMHaMIKy. ¥ 3B’53Ky 3 UM, HOOY/J0Ba TPEHYBAJIbHOIO IPOLIECY IOA0 PO3BUTKY LIBUAKICHNX 3[{0HOCTeIl ITOBMHHA
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6a3yBaTuCs Ha HAYKOBO OOIPYHTOBAHMX METOMMKAX, 1110 BPAXOBYIOTb BiKOBi 0cOO/MMBOCTI rpaBLiB, crrenngiky Ta Xapakrep 3Ma-
ra/IbHOrO HaBaHTa)XXeHHs B QyT3ai.
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Abstract

Objectives. The purpose of the study was to evaluate the effectiveness of an experimental physical education program
designed to optimize the development of physical fitness in female cadets — future officers during their final year of

study at a specialized military higher education institution.

Material and Methods. Fifty-four female cadets (mean age at baseline: 17.4 + 0.2 years) participated in the pedagogical
experiment. The participants were assigned to an experimental group (EG) and a control group (KG), both beginning
their fourth year of study at the Hetman Petro Sahaidachnyi National Army Academy. The research design included
the implementation of an experimental physical education program in the EG, while the KG followed the standard
curriculum. General scientific methods (analysis and systematization), pedagogical testing, a forming pedagogical
experiment, and methods of mathematical statistics were used. Physical fitness was assessed using standard tests for
strength, speed, power, flexibility, and endurance, as well as indicators of special physical preparedness.

Results. Analysis showed that in the KG, only aerobic endurance improved significantly over the academic year, as
evidenced by the 12-minute run performance. In contrast, the EG demonstrated statistically significant improvement
in all indicators of general physical fitness. Regarding special physical preparedness, four indicators in the EG were
significantly higher at the end of the experiment compared with the KG, while no such advantages were observed in

the KG.

Conclusions. The experimental program used to organize and implement the content of physical education proved
effective in enhancing all studied indicators of physical fitness in female cadets — future officers. The improvements
observed in the EG confirm the positive impact of the structured and targeted measures incorporated into the

experimental program throughout the academic year.

Keywords: female cadets, future officers, physical education, physical fitness, physical preparedness.

Introduction

The activity of a military officer at the present stage is
marked by increasing demands and challenges due to the
prolonged military aggression of russia against Ukraine. In
this context, the modernization of methods, approaches, and
strategies to ensure a high level of competence among future
officers during their professional training becomes particu-
larly important (Khotin, 2022).

It is essential to note that physical education continues to
hold a leading position in this educational process (Sliusar-
chuk, V., & Iedynak, 2023). Its implementation enables the
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achievement of a high level of preparedness among military
personnel and future officers for performing their profes-
sional duties and operational tasks (Klymovych et al., 2020;
Jamro et al., 2021).

According to the Ministry of Defence of Ukraine (mod.
gov.ua), as of January 1, 2025, over 70,000 women are serving
in the Armed Forces of Ukraine, and this number continues
to grow. Therefore, the scientific problem, supported by the
practical realities of professional military service, concerning
the training of women for military service in general and
future female officers for fulfilling their professional duties
in particular, gains special relevance. This includes the use
of forms, means, and methods of physical education during
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their training in specialized higher military educational insti-
tutions (Sliusarchuk et al., 2022).

Achieving a high level of individual military-professional
mastery in the modern soldier is largely determined by the
development and implementation of the organizational prin-
ciples and content of physical education (Duncan, 2016; Mel-
nykov et al., 2018; Oderov et al., 2022).

Considering the necessity of solving the tasks defined by
the theory and practice of modern warfare, and the urgent
need to strengthen national defense capacity during pro-
longed war, it is essential to improve the organization and
content of physical education in specialized institutions of
higher military education. This aims to achieve the maxi-
mum possible positive outcomes in enhancing the profes-
sional preparedness of women - future officers.

Analysis of recent research and publications. Physical
preparedness as a fundamental quality required for military
personnel has been the focus of numerous studies (Haddock
etal., 2016; Ojanen et al., 2018; Iedynak et al., 2020; Rebryna
et al., 2022; Yahodzinskyi et al., 2022; Vaara et al., 2023).
Other works (Aandstad et al., 2020; Smith et al., 2022; Oja &
Pikso6t, 2023; Coge et al., 2024) have emphasized the impor-
tance of physical preparedness for developing the physical
condition of future officers.

In studies by Petrachkov et al. (2024), Vantarakis et al.
(2022), Banakh, Tedynak, & Blavt, (2025) and Pietildinen et
al. (2024), the role of physical preparedness in enhancing psy-
cho-emotional resilience and developing key physical abili-
ties is highlighted. Scholars argue (Oliver et al., 2017; Vasiliki,
2021; Sliusarchuk et al., 2021) that all aspects of military tasks
can be successfully performed on the basis of high-quality
physical preparedness.

Various aspects of special physical preparedness in fu-
ture female officers are examined in the studies of Grier et
al. (2015); Knapik, Sharp, & Steelman (2017); Schram et al.
(2022); Slyusarchuk (2020), and Sliusarchuk et al. (2022).
Some authors focus specifically on the impact of specialized
training programs for female military personnel (Santtila et
al., 2022), as well as strategies for improving both physical
(Schram et al., 2022) and physiological readiness (Jamro et
al., 2021; Sliusarchuk et al., 2022).

International sources highlight the existence of several
key approaches to organizing physical education in NATO
armies. One approach involves joint training of men and
women (Aandstad et al., 2012; Santtila et al., 2022), while
another provides distinct organizational conditions, means,
and methods tailored specifically for women (Greeves, 2015;
Chassé et al., 2019). In particular, works by Grier et al. (2015),
Nindl (2015), and Zurek et al. (2022) explore individualized
physical training programs using various types of physical
activity for female officers in NATO forces.

Researchers (Haddock et al., 2016; Slyusarchuk, 2020)
acknowledge the lack of studies aimed at modernizing physi-
cal education for future female officers in specialized military
educational institutions. This modernization is especially
necessary in light of growing demands for their physical pre-
paredness, and it requires appropriate methods and means
to maximize both general and special physical preparedness.
Data on the actual indicators and dynamics of physical pre-
paredness among future female officers remain scarce, which
hinders the evaluation of the current approach to organiz-
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ing and implementing physical education, as well as the for-
mation of appropriate physical activity content during their
training.

The purpose of the study is to determine the effectiveness
of an experimental approach to organizing and implement-
ing the content of physical education for female cadets dur-
ing their training at a specialized higher military educational
institute.

Materials and Methods

Research methods

The research methodology employed a set of appropriate
research methods, including general scientific methods such
as analysis and systematization, as well as pedagogical experi-
ments, pedagogical testing, and methods of mathematical
statistics.

The pedagogical testing method involved the use of a
battery of tests, each of which met the existing metrological
requirements (Thomas et al., 2022). Testing was conducted in
the first and last months of training, using tests that allowed
for the assessment of the development of basic motor skills.

The motor characteristics were motor qualities that were
considered physical fitness at all stages of the study. At the
same time, general physical preparedness combined a set
of motor qualities, which were assessed using the following
tests: speed — 30 m sprint from a high start, absolute hand
muscle strength (dynamometry of the dominant hand), ex-
plosive strength of the lower limb muscles (standing long
jump), mobility in the lumbar spine (forward bend while sit-
ting), coordination in cyclic locomotion (4x9 m shuttle run),
aerobic endurance (12-minute run for maximum distance),
static strength endurance (pull-ups on bent arms, bent at the
elbow joints).

Special physical preparedness was studied using a battery
of tests that allowed assessing the state of strength endurance
development in a dynamic mode (exercise #7 — a complex
strength exercise). The exercise consists of two parts: the first
is bending and unbending the torso, the second is bending
and unbending the arms from a lying position. The exercise
is performed on any flat surface for one minute without inter-
ruption), speed (anaerobic) endurance (exercise #10 — 100
m run), coordination («exercise #10a — 10x10 m shuttle run)
and aerobic-anaerobic endurance (exercise #14 — 1000 m
run). All tests used were in line with recommendations in
scientific literature (Duncan, 2016; Pichugin et al, 2011; US
Army, 2022).

Study Participants

Fifty-four girls participated in the experiment; at the
start of the experiment, the average age of the sample was
17.4 + 0.2 years. All participants in the study sample were
divided into experimental (EG) and control (KG) groups,
which began their final year (4th year) of study at the Hetman
Petro Sahaidachny National Army Academy.

The study was planned and carried out following the
principles of bioethics set forth by the World Medical As-
sociation (WMA-2013) in the Helsinki Declaration «Ethical
Principles of Medical Research Involving Humans» and UN-
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ESCO in the «General Declaration on Bioethics and Human
Rights».

Research Organization

To obtain objective data on the effectiveness of the au-
thor’s development, a pedagogical experiment was conduct-
ed. The formative experiment was carried out over the course
of one academic year. In the EG, an experimental physical
education program was tested, while in the KG, traditional
organizations, content, and methods of physical activity im-
plementation in the process of physical education in a higher
military educational institutions, were used.

The subject of the study of women - future officers — was
the quantitative values of motor characteristics. In particular,
these values were established at the beginning and end of the
academic year, and then compared within the year of study.
An increase, decrease, or maintenance of a certain character-
istic under study was determined.

The results of the study were based on empirical data
obtained at the beginning and end of a one-year formative
experiment in research groups of female future officers who
were pursuing specialized higher education during their first
and fourth years of study at a higher military educational
institutions.

Statistical Analysis

Using adequate methods of mathematical statistics, the
mean, standard deviation, mean error, asymmetry, excess,
and Student’s t-test were determined for each characteristic
under study. The following probability levels were used to
indicate statistical significance: 0.05; 0.01; 0.001 (Dawson,
2019).

Mathematical statistics methods were used to process,
analyze, and interpret the experimental data using SPSS Ver-
sion 22.0 (IBM Corporation).

Results

In organizing physical education for female future offic-
ers during their professional training at specialized higher
education institutions, it was taken into account that the du-
ration of physical education in various forms should not ex-
ceed the duration specified in the current working program
for this academic discipline, which is approved at certain
higher military educational institutions (Working program
of the academic discipline, 2020). According to the provi-
sions of the «Instructions on physical training in the system
of the Ministry of Defense of Ukraine» (Ministry of Defense
of Ukraine, 2021): the planning of this pedagogical process
should ensure the implementation of physical training pro-
grams taking into account training (combat) tasks, the even
distribution of physical training activities throughout the
week, month, and year, and provide for a specified number of
hours for physical training classes.

The distinctive features of the experimental physical edu-
cation program are the determination of its structure by a
set of factors, namely external (the optimality of the content
of physical education for the maximum possible promotion
of physical fitness, the adequacy of physical fitness assess-
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ment standards to the capabilities of modern girls, taking into
account individual characteristics during the implementa-
tion of physical education classes and other forms of physi-
cal activity in a specialized higher education institution, the
presence of a conscious and responsible attitude towards the
fulfillment of requirements regulated by professional activ-
ity; monthly complication of the content of basic movements
and exercises for the development of functional abilities and
motor qualities, adequate distribution of all specified forms
of physical activity in the daily and weekly routine of girls;
taking into account the structural features of each form of
such activity; effective organization of girls’ activities in each
of these forms; practical ensuring of the integrity of physical
education.

The results of the use of the experimental development
by female cadets - future officers during the last year of study
in higher military educational institutions— showed certain
features of changes in the values of the studied indicators.

General Physical Preparedness. At the beginning of the
experiment, the values of the studied indicators in the EG
and the CG were practically identical, indicating their homo-
geneity. Moreover, it was noted that individual values for all
indicators followed a normal distribution, which allowed for
the appropriate use of mathematical and statistical methods
in comparative analysis.

Based on these considerations, the analysis of the obtained
data revealed that in the control group over the academic
year, only one physical preparedness indicator changed to a
statistically significant degree. This was aerobic endurance,
which improved by 6% based on the results of the 12-minute
run for maximum distance (t=5.35; p<0.001) (Table 1). Ad-
ditionally, it was observed that changes in the remaining indi-
cators reflected the following trends: the development of two
motor qualities — absolute muscular strength and flexibility
- remained at the same level, albeit with a negative trend. The
decline amounted to 2.2% based on the handgrip dynamom-
etry of the dominant hand (t=1.02; p>0.05), and 3.6% based
on the sit-and-reach flexibility test (t=1.54; p>0.05).

As for the development of other studied motor quali-
ties, there was a significant decrease in indicator values. Spe-
cifically, static muscular endurance declined by 18.7%, speed
qualities by 3.9%, explosive power of the lower limbs by 3.5%
(p<0.001), and coordination in cyclic locomotions by 2.4%
(p<0.01).

In the EG, the implementation of the experimental in-
tervention led to a completely different outcome. Over the
course of the academic year, all assessed indicators of general
physical preparedness showed significant improvement. The
greatest increase was observed in static muscular endurance,
which improved by 55.3% (t=8.95; p<0.001). The smallest,
yet still statistically significant improvement, was recorded
in speed qualities, which increased by 2.9% (t=2.2; p<0.05).

Another confirmation of the effectiveness of the experi-
mental intervention and its advantage over the traditional
approach to physical education for women - future officers
— was the final assessment of indicators in the study groups
at the end of the experiment. In all cases, significantly bet-
ter values of general physical preparedness indicators were
recorded in the EG.

Special Physical Preparedness. At the beginning of the
experiment, the values of the studied indicators in both the
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Table 1. Changes in indicators of general physical preparedness of female cadets (N-54)

At beginning t At the end Chang_e )\za)lue X, t
Indicator Group —— between m absolut 2 t between
X m_ EGandCG X m2 (HASOME g EGand CG
L L 2 values
. . CG 748  0.07 7.78 0.05 0.3 -39 3,490
30 m sprint from a high start, s 0.09 7.29%%%
EG 749  0.08 7.27 0.06 -0.22 2.9 2.2%
Dynamometry of the dominant ~ CG 27.9 0.41 0.45 27.3 0.43 -0.6 -22 1.02 5 4Gttt
hand , kg EG 28.2 0.52 ' 31.2 0.57 3.0 10.6 3.9%%% '
. . CG 188.4 1.27 182.1 1.31 -6.3 -5.1 3.46%*
Standing long jump, cm 0.33 2.2%
EG 187.7 1.72 197.3 1.74 9.6 3.5 3,920
. CG 17.4 0.28 16.8 0.37 -0.6 -3.6 1.54
Forward leansitting, cm 0.79 3.49**
EG 16.9 0.57 19.5 0.68 2.6 15.4 3.26%*
CG 11.59  0.07 11.88 0.06 0.29 -2.4 3.11%*
4x9 m shuttle run 0.57 11.0%%*
EG 11.61  0.09 10.5 0.11 -1.11 9.6 7.82%%*
12-minute run for maximum CG  2021.7 1825 0.51 2151.1 1585 1294 6.4 5.35%%* -
distance EG 2007.3  21.32 ' 2354.8 22.7 347.5 17.3 11.2%%* '
Pull-ups on bent arms, bent at CG 15.68  0.48 0.04 13.21 0.5 -247 -18.7 3,58 11844
the elbow joints, ¢ EG 15.71  0.52 ' 24.4 0.82 8.69 55.3 8.95%** '
Table 2. Changes in indicators of special physical preparedness of female cadets (N-54)
At beginning t At the end Change value (X, - X)) .
Indicator Group x ze(t;“;ene; X in absolute o t between
' o CG : m values 7o EG and CG
Exercise #7 KI-4 33.68 0.43 0.84 33.11 0.41 -0.57 -7.2 0.97 10,94+
A complex strength exercise, n ET-4 34.21 0.46 ' 42.31 0.39 8.1 23.7 13.5%%% ’
ise # KI-4 16.04 0.08 15.75 0.08 -0.29 1.8 2.57*
Exercise #10 0.18 5.8
100 m run, s El-4 16.02 0.08 15.11 0.08 -0.91 5.7 827
Exercise #10a KI-4 35.67 0.22 35.45 0.25 -0.22 0.6 0.67
1.03 8.16**
10x10 m shuttle run, s El-4 36.01 0.25 34.12 0.31 - 1.89 52 4730+
Exercise #14 KI-4 254.5 2.56 L61 244.5 242 -10.0 3.9 2.84%* o
1000 m run, s El-4 260.7 2.87 ’ 227.8 2.75 -329 12.6 8.29** '

Note: The value of t-critical for related samples at n=24: at the level of p <0.05 - 2.064, at the level of p <0.01 - 2.797, at the level of p
<0.001 - 3.745; at n=108 - respectively 1.984; 2.626; 3.391; marked “*” - p <0.05; “**” - p <0.01; “**” - p <0.001

EG and the CG were compared. It was found that all indica-  former, a negative trend was observed, with a 7.2% decrease
tors showed virtually no differences between the groups, as  in performance (t = 0.97; p > 0.05), while in the latter, a slight
evidenced by the t-test values, which ranged from 0.18 to  positive trend was recorded, with a 0.6% increase (t = 0.67;
1.61 (Table 2). p > 0.05).

An analysis of the data obtained at the end of the peda- As for the other studied indicators, the changes demon-
gogical experiment in the EG confirmed changes across all  strated modest but notable improvements: speed endurance
studied indicators. In every case, the changes were positive,  increased by 1.8% (t = 2.57; p < 0.05), and aerobic-anaerobic
with gains ranging from 5.2% to 23.7%. The greatest im-  endurance by 3.9% (t = 2.84; p < 0.01).
provement was observed in dynamic muscular endurance, Analyzing the data from the perspective of how many
assessed based on the results of Exercise #7, which increased  indicators had higher final values in one group compared to
by 23.7% (p<0.001). A high level of improvement was alsore-  the other, the results showed the following: in the EG, there
corded in aerobic-anaerobic endurance, with a gain of 12.6%  were four such indicators, while in the CG, there were none.
(p<0.001). Smaller, yet statistically significant improvements Thus, the results obtained using both assessment criteria
were noted in speed endurance (5.7%), measured by Exercise ~ confirmed a greater improvement in special physical prepar-
#10, and in coordinative endurance (5.2%), assessed by Exer- ~ edness among women in the EG compared to those in the
cise #10a (p<0.001). CG.

The presented data differed significantly from those ob-
tained in the CG. This was particularly evident in the in-
dicators of dynamic muscular endurance (Exercise #7) and
coordinative endurance (Exercise #10a), the development Scientific research on the modernization of the content
of which remained at the previously achieved level. In the  of physical preparedness for future officers is driven by its

89

Discussion



ISSN 2708-7581 (Online). ISSN-L 2708-7573. Journal of Learning Theory and Methodology. 2025. Volume 6, Number 2

critical role in shaping their professional readiness amid pro-
longed combat operations. This aligns with a number of re-
cent scientific studies (Mari¢ et al., 2013; Vantarakis et al,,
2022; Bahas, Nikolaienko, & Hlivinska, 2025). Physical pre-
paredness is recognized as one of the defining components
of a young officer’s readiness for high-quality professional
service (Klymovych et al., 2020; Oliver et al., 2017; Vasiliki,
2021).

The conducted experiment expands the existing body
of knowledge regarding the role of physical preparedness in
shaping general combat readiness (Ojanen et al., 2018; Had-
dock et al., 2016; Jamro et al., 2022; Vaara et al., 2022). We
support the scholarly view that this can be achieved through
adherence to modern physical activity guidelines (Haddock
etal., 2016; Smith et al., 2022; Oja, & Pikso6t, 2023), adapting
female military physical training to the contemporary de-
mands of warfare (Greeves, 2015), and incorporating various
forms of physical activity (Iedynak et al., 2020; Rebryna et al.,
2022; Yahodzinskyi et al., 2022).

The obtained results are attributed to a combination of
factors. One of the main factors is the effectiveness of all
physical education activities developed and implemented
within the framework of the experimental program for fe-
male cadets undergoing training in specialized higher mili-
tary institutions. This conclusion is partially supported by
the findings of other researchers (Greeves, 2015; Nindl, 2015;
Santtila et al., 2015; Coge et al., 2024), which emphasize that
optimal individualized training programs - empirically vali-
dated - provide effective preparation, including for women
in military service.

This is also consistent with scientific perspectives (Aand-
stad et al.,, 2020; Melnykov et al., 2018; Coge et al., 2024)
highlighting the need for ongoing monitoring of physical
preparedness parameters throughout training in specialized
military educational institutions.

Our study confirms the effectiveness of specially devel-
oped training programs for female military personnel, which
can influence adaptation to training during military service
(Jamro et al., 2021; Santtila et al., 2022) and improvement
in physical condition (Grier et al., 2015). It also supports
the formulation of physical preparedness programs based on
women’s military specialization as a key criterion for deter-
mining training direction (Nindl, 2015), within specific areas
of military activity, considering sex-specific characteristics
and physical attributes (Coge et al., 2024), as well as the de-
fined structure of changes in general physical preparedness
among female cadets (Sliusarchuk et al., 2022).

Moreover, it highlights the importance of adjusting
training curricula based on gender differences (Bustamante-
Sanchez, Nikolaidis, & Clemente-Sudrez, 2022; Zurek et al.,
2022), and accounting for the dependency between combat
readiness and the level of physical preparedness (Jamro et al.,
2022; Oderov et al., 2022).

Conclusions

Physical education remains one of the key factors deter-
mining the high level of professional preparedness of young
officers upon graduation from military academies, as well as
the maintenance of this level throughout their professional
careers. At present, there is insufficient data on the dynamics
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of general and specialized physical preparedness indicators
among female cadets — future officers — during their studies
at higher military educational institutions.

The current approach to organizing and implement-
ing physical education programs for female cadets - future
officers promotes the development of only certain motor
qualities, while others show only a positive trend without
significant improvement. The implementation of an experi-
mental framework for organizing, structuring, and delivering
physical activity content over the course of one academic year
enabled female cadets to achieve results that significantly
improved all examined physical preparedness indicators.
Comparative analysis between corresponding experimental
groups confirmed statistically significant differences.

These outcomes are attributed to the effectiveness of the
measures proposed by the experimental program, which
were implemented within the military academy’s physical
education system for female cadets. The obtained findings
should be considered in the planning and execution of physi-
cal education programs in higher military educational insti-
tutions, as they contribute to enhancing the overall efficiency
in achieving the intended objectives.
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Marepian Ta MeToau. B excriepuMeHTi B3simu yyacTb 54 KypcaHTKH, BiK y Bubipui cranoBus 17,4 + 0,2 pokis. Yci yqacHUKU
HOCTiIKyBaHOI BUOIpKM 6y/I0 PO3IIOAIIEHO Ha eKCIIepMMEHTa/IbHY Ta KOHTPOJIbHY TPYIIN, SIKi PO3IIOYaIy OCTaHHII pik HaBYaHHS
(4 xypc) y crerianizoBaHOMY BilicbKOBOMY 3aKIafii BUIIOI OCBiTH. MeTORO/IOris HOCIi/KeHH s epenbadaa BUKOPUCTAHHSA KOMII-
JIEKCY aZleKBaTHMX METONIB JOCTiPKEeHHs, 30KpEMa, 3araJIbHOHAaYKOBMX, a CaMe aHajIi3y, CUCTeMaTM3allil, a TAKOX IeJaroriqHoro
eKCIIepVMEHTY, TIe[larOriYHoOro0 TeCTYBaHHs, METO/IiB MaTeMaTIYHOI CTATUCTUKM. MeTO[ IIearoriYyHoro TecTyBaHHA Nepefdadas
BUKOPUCTaHHs 6arapel TecTiB.

PesynbraTu. PesynbraTu BUKOPUCTaHHS €KCIEPUMEHTANIbHOI PO3pOOKM KypcaHTKaMy — MaibyTHiMu odiliepaMu IpOTAroM
OCTaHHBOTO POKY HaBYaHHA y CIlellia/li30BaHOMY BilICbKOBOMY 3aK/Iajli BUIIOI OCBITI 3acBiff4min IeBHi 0COOMMBOCTI 3MiHM 3Ha-
YeHb IOCTIIKYBaHNX [T0Ka3HNUKiB. Ha moyaTKy eKcliepuMeHTY 3HadeHH: HOCIimKyBanux nokasuukis y EI' ra KI' 6yim npakTuaso
OJHAKOBMMI, 11JO CBiZJYM/IO IIPO iXHIO OJHOPIAHICTD.

3rifHo aHasIi3y ofjepXKaHMX JaHNUX IIO/[0 3aTraIbHOI (1)131/1(11-10'1' IiATOTOB/IEHOCT], BCTAaHOBJIEHO, 1110 Y KI' IpoTAroM HaBua/IbHOTO
POKY Ha CTaTHCTUYHO 3HAUYIy BEIMYMHY 3MIHWINCA 3HAUYEHHS Ti/IbKM OJHOTO IOKasHMKa. TakyuM Oya aepoOHa BUTPUBATICTD
TiBYarT, a ii IOJIIIIEHHS 32 Pe3yNbTaToM 12-XBUIMHHOIO 6iry Ha MaKcMManbHy BifcTanb. Y EI' peamisanisa ekcrepuMeHTanbHOro
YMHHMKA IpU3Be/Ia JO CYTTEBOrO MOJIMIIEHHA YCiX JOCTI/PKYBaHNX TOKA3HMKIB 3arasbHOI (Gi3N4HOI MiATOTOBIEHOCTI. AHaIi3y-
104N JaHi crerianbHOI Qi3NIHOI MATOTOBIEHOCTI 3 MO3MIT KiTbKOCTI MOKA3HNUKIB, 3HAYEHHS SKNMX HAIIPUKIHII €KCIIEPMIMEHTY B
OffHii rpymi 6yIM BULMMM, aHDK y iHWil, sacBigummn Take. Y EI Takux nokasuukis 6yio 4, Toai sk y KI'- xopHoro.

BucHoBKM. BukoprcTaHHs eKcliepuMeHTanbHOI po3pobku o opraHisauii, popMyBaHHs i1 peasiszarii amicTy ¢isudHoro Bu-
XOBaHHA Y CIIellia/li30BaHOMY BiliCbKOBOMY 3aKIaJii BUILOI OCBiTH 3abe3ledye KypcaHTKaM — MaiibyTHIM odiliepaM JOCATHEHH:A
Pe3y/IbTaTiB, 110 CIPUATO CYTTEBOMY IIOJIMIIEHHIO BCIX TOCTI/PKYBaHNX NTOKA3HNUKIB (i3N9HOI MiATOTOBIEHOCTI, AKi IpU IOPiB-
HSIHHI y BIfIOBIHNX HOCIIHNUX IPYIAX 3aCBifYy0Th PO3ODKHICTD Ha CTATUCTUYHO 3HAYYILY BemmunHy. Ofep>kaHnit pe3ynprar
OB’ A3yBa/IN 3 epeKTUBHICTIO TepefbadeHNX eKCIIePYMEHTATbHOIO PO3pOOKOI0 3aXO0/iB, 10 6Y/IM 3peasTi3oBaHi y cleliiani3oBaHo-
MY BiiiCbKOBOMY 3aK/Iafii BUILOT OCBiTH Hif Yac (i3M4HOro BUXOBAHHA KYPCAaHTOK — MabyTHIX odimepis.

KnrouoBi cnoBa: kypcanTky, MaitbyTHi odiriepu, GpisudyHe BUXOBaHHA, Qi3WdHA MirOTOB/IEHICTD, Ppi3NYHA MIATOTOBKA.
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Abstract

Background. Locomotor movement is a fundamental component of motor development in early elementary school.
However, low student engagement and limited Physical Education, Sports, and Health (PJOK) learning facilities often

restrict the effective development of locomotor skills.

Objectives. This study aimed to evaluate the effectiveness of creative media-based team games in improving locomotor

skills among second-grade elementary school students.

Material and Methods. The research used a Classroom Action Research (CAR) design implemented over two cycles,
each consisting of two actions. The participants were 28 students of class 2B from SD Negeri 02 Indralaya Utara. Data
collection included observation, interviews, documentation, and the Test of Gross Motor Development-2 (TGMD-2).
Results. The intervention led to a notable improvement in locomotor performance. The students’ average score
increased from 29.89 (62.27%) at baseline to 44.46 (92.63%) at the end of Cycle 2, indicating substantial progress
following the implementation of creative media-based team games.

Conclusions. Creative media-based team games are effective in enhancing locomotor skills and fostering an engaging,
active learning environment. The findings provide practical guidance for teachers in designing evidence-based
instructional strategies to support locomotor development in early elementary education.

Keywords: locomotor skills, physical education, creative media, team games, motor development, classroom action

research.

Introduction

Education plays a crucial role in human life because it
contributes directly to developing individual potential and
quality. In the Indonesian education system, Physical Edu-
cation, Sports, and Health (PJOK) holds an equal position
with other subjects in achieving national education goals.
PJOK emphasizes movement-based learning through physi-
cal activities, games, and sports to enhance students” physi-
cal, mental, and emotional development (Shidiq et al., 2022).
Central to this process are basic movement skills—locomo-
tor, non-locomotor, and manipulative—that form the foun-
dation for students’ physical abilities (Muzakki & Saputra,
2020). Among these, locomotor movements such as walking,
running, and jumping are essential for supporting physical
competence and quality of life (Simahate & Munip, 2020;
Bednarczuk et al., 2025).

Despite their importance, many elementary students still
show low locomotor skills, which can hinder both learning
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and daily activities. Locomotor competence is closely linked
to lower limb strength, speed, balance, and self-confidence
(Gréstén et al., 2022). Observations at SD Negeri 02 Indralaya
Utara revealed that some students lacked interest in PJOK
motor skills lessons, reflecting low motor proficiency. This
issue may stem from factors such as limited facilities, un-
pleasant learning experiences, or difficulties in understand-
ing material. Yet, motor skill development is vital because
strong motor abilities support sensory functions and cogni-
tive growth, thereby influencing students’ motivation and
learning outcomes.

Improving locomotor skills requires supportive exter-
nal factors, including appropriate facilities, creative media,
and effective teacher-student interaction (Saleh & Ramd-
hani, 2020; Nur et al., 2018; Zain & Putra, 2020). Teachers’
professional competence and managerial skills also play a
significant role in creating engaging learning environments
(Ellis et al., 2023). One promising strategy is the use of educa-
tional games, which not only strengthen psychomotor skills
but also integrate cognitive and affective aspects (Anggraini,
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2021; Agung, 2021). Recent studies confirm the effectiveness
of play-based learning and media in improving locomotor
skills (Musampa, 2022; Syahbani et al., 2024; Arlini et al.,
2024). However, these studies primarily focused on individ-
ual practice and used limited media, leaving gaps in the im-
plementation of more varied and collaborative approaches.

Previous studies on improving locomotor skills in el-
ementary students have largely emphasized individual prac-
tice and relied on limited types of learning media. While
these approaches demonstrated positive outcomes, they do
not fully address the need for collaborative, engaging, and
varied game-based models that reflect the social and inter-
active nature of elementary school learning. Therefore, this
study aims to design and implement an innovative creative
media-based team game model in PJOK as an alternative
solution to enhance locomotor skills. The study specifically
seeks to analyze the current condition of students’ locomo-
tor skills, to develop a creative team game model that inte-
grates diverse learning media suited to elementary school
characteristics, and to examine the practicality and potential
effectiveness of the model in PJOK learning. Accordingly, the
research is guided by the following questions: (1) what is the
current condition of elementary school students’ locomotor
skills in PJOK learning, (2) how can a creative media-based
team game model be designed to suit the characteristics and
needs of elementary students, and (3) to what extent is the
developed model practical and potentially effective in im-
proving students’ locomotor skills?

Materials and Methods

This study employed a Classroom Action Research
(CAR) approach, conducted systematically in cycles. Each
cycle consisted of four stages: planning, implementation, ob-
servation, and reflection, carried out once a week. The CAR
approach was expected to contribute to improving the quality
of PJOK learning, particularly in developing students’ loco-
motor skills.

The research was conducted at SD Negeri 02 Indralaya
Utara, Ogan Ilir Regency, South Sumatra. The classroom
action research was implemented over a period of several
weeks, with one cycle carried out each week.

The subjects of this study were 28 students from grade
2B, consisting of 14 boys and 14 girls, aged 6 to 8 years old.

The selection of subjects was based on initial observation
results, which indicated that the students’ locomotor skills
were still relatively low. Thus, the entire class was included as
research participants.

Data were collected using a test technique to measure
students’ locomotor skills through the Test of Gross Motor
Development-2 (TGMD-2), which focuses on locomotor
skills such as running, galloping, hopping, leaping, horizon-
tal jumping, and sliding. The TGMD-2 instrument has been
shown to possess high validity and reliability, indicating con-
sistency and accuracy in measurement (Apriyani et al., 2018).
Assessments were carried out using a checklist-based scoring
sheet, where each student was given two trials for each skill.
A score of 1 was given if the skill criterion was achieved, and
a score of 0 if it was not.

The collected data were analyzed using a quantitative
approach. Raw scores from each locomotor skill test were
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converted into standard scores based on TGMD-2 guide-
lines and categorized according to the established descriptive
classification. Furthermore, the mean scores and percentages
were calculated for each cycle to evaluate the improvement in
students’ locomotor skills.

Results

This study aimed to improve the locomotor skills of
grade 2B students at SD Negeri 02 Indralaya Utara through
the implementation of group games supported by creative
media in Physical Education (PE). Data were collected from
28 students through a series of tests and observations across
each action cycle.

Table 1. Initial Test Results

Mean
29.89

Raw Score
837

Initial Data
Total

Percentage (%)
62.27

Based on Table 1, the total raw score obtained by the stu-
dents was 837, with a mean score of 29.89 or 62.27%. These
results indicate that the students’ locomotor ability was still
at a low level.

Table 2. Cycle 1 Action 1 Results

Cl1A1
Total

Mean
34.11

Raw Score
955

Percentage (%)
71.06

In Cycle 1 Action 1, the raw score increased to 955, with
a mean of 34.11 or 71.06%. This shows an improvement of
118 points from the baseline, with a mean increase of 4.22
or 8.79%.

Table 3. Cycle 1 Action 2 Results

C1A2
Total

Mean
38.04

Raw Score
1,065

Percentage (%)
79.25

In Cycle 1 Action 2, the raw score rose to 1,065, with a
mean score of 38.04 or 79.25%. This indicates an improve-
ment of 110 points, with a mean increase of 3.93 or 8.13%.
The students began to demonstrate better understanding
and became more accustomed to locomotor concepts and
practices.

Table 4. Cycle 2 Action 1 Results

C2A1
Total

Mean
41.61

Raw Score
1,165

Percentage (%)
86.69

In Cycle 2 Action 1, the raw score further increased to
1,165, with a mean score of 41.61 or 86.69%. This shows an
improvement of 100 points compared to the previous cycle,
with a mean increase of 3.57 or 7.44%.

Table 5. Cycle 2 Action 2 Results

C2A2
Total

Mean
44.46

Raw Score
1,245

Percentage (%)
92.63

In Cycle 2 Action 2, the raw score reached 1,245, with a
mean of 44.46 or 92.63%. This represents an improvement of
80 points, with a mean increase of 2.85 or 5.94%.

Overall, the findings demonstrate significant improve-
ment in each cycle. From the baseline mean score of 29.89
(62.27%), the students’ scores increased to 44.46 (92.63%)
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by the end of Cycle 2 Action 2. These results indicate that the
implementation of group games supported by creative media
was effective in enhancing the locomotor skills of grade 2B
students at SD Negeri 02 Indralaya Utara.

Discussion

Based on the findings of this study, several factors were
identified as contributing to the low level of locomotor skills
among grade 2B students at SD Negeri 02 Indralaya Utara.
The main problems included a lack of understanding of basic
movement concepts, limited awareness of the importance
of physical activity, and low interest in physical education.
In fact, physical education plays a crucial role in enhanc-
ing students’ overall quality of life—physically, mentally, and
emotionally (Salim et al., 2023; Firdaus & Nurrochmah, 2021;
Adji & Wibowo, 2023). Initial data showed that the aver-
age locomotor skill score of students was still low, reaching
only 29.89 or 62.27%. This situation was further worsened
by inadequate facilities, less engaging teaching methods, and
low learning motivation, as confirmed by previous studies
(Fauzan et al., 2022).

Through the implementation of creative media and
game-based learning strategies, students’ locomotor skills
improved significantly in each cycle. In cycle 1 action 1, the
average score increased to 34.11 (71.06%) after the use of cre-
ative media, which made the learning process more effective
(Erwansyah & Ferianto, 2016; Muslim, 2021). The improve-
ment continued in cycle 1 action 2, with the average score
rising to 38.04 (79.25%), where the application of games suc-
cessfully enhanced motivation and provided enjoyable motor
stimulation (Mudzakir, 2020; Zenith et al., 2020).

In cycle 2 action 1, the average score further increased
to 41.61 (88.69%) through the implementation of the group-
based “Locomotor Circuit” game model, which encour-
aged students’ coordination, cooperation, and interaction
(Waluyo et al., 2024; Sudarmono, 2016; Rani et al., 2025). The
highest improvement was observed in cycle 2 action 2, with
the average score reaching 44.46 (92.63%) after the circuit
was enhanced with more challenging variations of stations
and obstacles. This finding demonstrates the effectiveness of
consistent and structured practice in improving locomotor
competence (Chen et al., 2024; Liu et al., 2025).

Overall, the study results indicate that the application
of group games integrated with creative media in physical
education effectively improved students’ locomotor skills,
motivation, teamwork, and provided enjoyable learning ex-
periences. Students became more active, confident, and co-
operative throughout the learning process. Nevertheless, this
study was limited to a single class, and therefore, its findings
cannot be generalized to a broader population. Future studies
are recommended to involve larger and more diverse samples
to obtain more representative results.

Conclusions

Based on the results obtained through several cycles,
this study concludes that the implementation of group games
supported by creative media in physical education effectively
improves the locomotor skills of grade 2B students at SD
Negeri 02 Indralaya Utara. The findings show a consistent
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increase in average locomotor skill scores across cycles, sup-
ported by step-by-step treatments and observations. Beyond
locomotor development, this approach also enhanced stu-
dents’ creativity, learning enthusiasm, self-confidence, active
participation, and teamwork during the learning process.

Thus, this model can serve as an effective alternative to
address the low locomotor ability of elementary school stu-
dents while improving the overall quality of physical educa-
tion. These results highlight the importance of competent
PE teachers and confirm that game-based learning tailored
to students’ characteristics provides enjoyable and meaning-
ful experiences that foster holistic development—physically,
mentally, and emotionally.
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Icropis mutanua. JIOkOMOTOpHI pyxu € QyHZAMEHTaTbHIM KOMIOHEHTOM MOTOPHOTO PO3BUTKY JiiTeil MOJIOAIIOTO IIKi/Tb-
Horo BiKy. IIpoTe HusbKa 3aljikaB/leHICTb y4HIB Ta 0OMe>KeHi MOXXIMBOCTI /A1 IPOBE,CHH:A 3aHATD 3 PisMYHOI Ky/IbTYpH, CIIOPTY i
3gopos’si (PJOK) gacTo yckmagHIO0OTh GOpMYBaHHS LUX HABIYOK.

MeTo¥0 KocmigKeHHs 010 OLIHNTY eeKTUBHICTb BUKOPMCTAHHS KOMaHIHUX irOp Ha OCHOBI KpeaTMBHMX Mefiia /IS TOKpa-
IIeHH: TOKOMOTOPHUX HaBMYOK Y4HiB II0YaTKOBOI HIKOJIN.

Marepianu i Meropu. Y JOCTiKeHH] 3aCTOCOBAHO AM3aliH eJaroriqvHoro JOCTimKeHH: Y (OpMi K/IACHO-YPOUYHOTO eKCIIepu-
MmeHTY (Classroom Action Research, CAR), peanisoBaHmit y IBOX LIMKJIaX, KOXKeH 3 AKMX CK/IaJiaBCsA 3 ABOX Aill. Y BUOIpKy yBirmm
28 yuniB kmacy 2B SD Negeri 02 Indralaya Utara. 36ip faHux 3aificHIoBanu 3a JOIIOMOTOI0 CIOCTEPEKeHb, IHTepB’ 10, aHaIi3y H0-
KyMmeHTaljii Ta Tectry TGMD-2 (Test of Gross Motor Development-2).

PesynpraTu. 3ampoBajpkeHa MeTOAMKaA 3abe3nednya CyTTEBe HMOKPAIleHHs TOKOMOTOPHMX HaBMIOK. CepenHill MOKa3HUK
migsummBcs 3 29.89 (62.27%) Ha MOYATKY JOCTIPKeHH 0 44.46 (92.63%) HaNpUKIHI fPYroro UUKITY, 1[0 CBIfYUTD PO BUCOKY
pe3ynbTaTUBHICTh KOMaHIHMX irop Ha OCHOBi KpeaTMBHIX Mefiia.

BucHoBKM. BuKOpUCTaHHS KOMaH[JHMX irop i3 3aCTOCYBaHHAM KpeaTUBHUX Mefjia € e(eKTMBHUM 3aC060M PO3BUTKY JIOKO-
MOTOPHNX HaBIYOK i CTBOPIOE Oi/IbIN 3aljikaB/IieHe Ta aKTUBHe HaBYajIbHe cepefopuie. OTpUMaHi pe3yIbTaTi MOXKYTDb CITYTYBaTH
MIPAKTUYHIMY PEKOMEH/ALIAMIY /IS BYNTE/IIB OO PO3POOKY OKA30BMX CTpaTeriil HABYaHHS MOTOPHOMY PO3BUTKY B II0YaTKO-
Bill IIKOJTI.

KirouoBi cnoBa: 10k0MOTOpHI HaBUYKY, (isUYHA Ky/IbTYpa, KpeaTUBHI Meflia, KOMaH/HI irpy, MOTOPHMIT PO3BUTOK, K/IaCHO-
ypOuHe JOCTi/KEeHH L.
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