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Abstract

Objectives. The study aimed to examine the impact of small-sided games (SSG) and high-intensity interval training
(HIIT) on selected physical and psychological variables among collegiate female field hockey players.

Materials and Methods. Thirty collegiate female field hockey players (age: 20.20 + 1.58 years) were randomly
selected and divided into an SSG group (n = 15) and an HIIT group (n = 15). Both groups participated in a six-week
training program (two sessions a week) alongside regular team practice. The SSG group played 4 vs 4 games on a

30 x 40 m field, while the HIIT group performed 15-s running bouts at 110% maximal aerobic speed (MAS) with
15-s passive recovery intervals. Pre- and post-intervention measurements were conducted for maximal aerobic speed,
agility (Modified T-test), neuromuscular power (five-jump test), enjoyment (PACES), and mood state (total mood
disturbance; TMD). Independent t-tests and ANCOVA (p < 0.05) were used for data analysis.

Results. No significant differences were observed at baseline (p > 0.05). Both groups enhanced MAS, but the SSG
group demonstrated greater improvements in agility and psychological variables. ANCOVA revealed significant
group effects for MAS (p = 0.014), agility (p = 0.002), PACES (p = 0.001), and TMD (p = 0.001), favoring SSG.
Neuromuscular power did not show any significant differences between the groups.

Conclusions. SSG yielded superior results in agility and psychological responses while being equally effective

in improving aerobic fitness. These findings confirm the application of SSG as an ecologically valid and effective

conditioning strategy for collegiate field hockey players.
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Introduction

Field hockey is characterized by intermittent high-
intensity activity patterns involving frequent accelerations,
decelerations, and rapid directional changes performed
in a dynamic competitive environment. Players perform
a range of activities during match play, including walking,
jogging, sprinting, and executing technical actions such
as passing, dribbling, and tackling. These demands place
considerable stress on both aerobic and anaerobic energy
systems (Spencer et al., 2004; Macutkiewicz and Sunderland,
2011). This therefore makes well-developed neuromuscular
performance, agility, and aerobic capacity crucial in
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sustaining performance during competition. Besides
physical preparedness, psychological variables like pleasure,
motivation, and mood have been reported to be essential
determinants of training compliance and progress in
performance (Scanlan et al., 2014). Traditional conditioning
approaches in team sports have primarily relied on structured
running-based methods, especially high-intensity interval
training (HIIT), to enhance aerobic fitness. HIIT is typically
performed in repeated bursts of high- intensity running
separated by short intervals of rest, typically performed at
or close to anaerobic exhaustion rate. Previous research has
consistently demonstrated that HIIT has beneficial effects
on cardiovascular function, maximal oxygen uptake and
repeated sprint ability (Buchheit & Laursen, 2013; Iaia &
Bangsbo, 2010). Consequently, HIIT is now a common
means of creating physiological stress-inducing effects in
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training numerous team-based sports, such as soccer, rugby
and field hockey (Helgerud et al., 2001; Dupont et al., 2004).
As a result, HIIT has become a widely adopted method for
inducing physiological stress efficiently across various team
sports, including soccer, rugby, and field hockey (Helgerud
etal, 2001; Dupont et al., 2004).

Despite its physiological effectiveness, HIIT presents
several limitations when used in skill-based, open-field
sports. The majority of HIIT protocols rely on linear and
repetitive running patterns that do not entirely simulate
the multidirectional movement, the perceptual tasks and
decision-making processes of the competitive settings.
Consequently, gains in the physical capacity do not always
prove effective when it comes to sport-related performance
(Impellizzerietal.,2006). Furthermore, interval running may
be perceived as monotonous, which can decrease pleasure
and enthusiasm especially in a long-term training program,
and this can influence the participation and compliance of
the athlete (Halson, 2014).

As a reaction to such constraints, small-sided games
(SSG) have been developed as an alternative means of
training, that incorporates physical, technical, and tactical
aspects along with sport-specific context. Small-sided
games are a subset of the game that is played with a reduced
number of players and/or a smaller playing field, which
coaches can adjust the training intensity by varying the
number of players, size of the playing field, and the rules
of the game (Hill-Haas et al., 2011). Past studies, especially
on soccer, have demonstrated that SSG has the potential to
induce physiological responses just as intense as those that
high-intensity interval training can, such as increased heart
rate and duration of time spent in aerobic areas of training
(Dellal et al., 2012; Owen et al., 2012; Hill-Haas et al., 2009).

In addition to the physiological responses, small-sided
games offer a dynamic training environment which involves
constant interaction with team-mates and opponents, quick
reaction to decision-making, and frequent practice of
sport-specific skills. These features align with the ecological
theories of learning skills, in which perception and action
are intimately bound together in representative task-like
conditions (Davids et al., 2013). Subsequently, SSG could
lead to higher rates of transfer of training adaptations to
competition. Moreover, interactive and competitive features
of training in game form have been linked to increased
pleasure and intrinsic motivation than traditional methods
of conditioning (Selmi et al., 2020).

An upper hand in the reciprocation of similar results,
earlier studies in soccer and the other invasion sports
have shown where SSG-based training interventions have
led to aerobic fitness, agility and movement efficiency
improvements (Rampinini et al., 2007; Hill-Haas et al., 2009).
These are usually explained by the synergistic outcomes
of high-intensity motion patterns, repeated changes of
direction, and sport-specific motor requirements of the
game-based activities. Conversely, the traditional HIIT is
based more on the provision of physiological changes via
planned running, and little focused on motor variability and
the involvement of perceptions (Buchheit & Laursen, 2013).

However, as much as the scientific evidence surrounding
the effectiveness of small-sided games continues to increase,
there are some conceptual weaknesses in literature on
the topic. Comparisons of training methods have mainly

concerned outcome-based comparisons with little
consideration to the underlying mechanisms that create
these adaptations. Specifically, the role of physiological
load, neuromuscular coordination and cognitive-perceptual
demands in sport-specific training situations has not been
adequately addressed. Also, the studies exploring the
correlations between them in female field hockey athletes
are limited, even though the unique technical and tactical
features of this sport (Macutkiewicz and Sunderland, 2011).

From a mechanistic perspective, small-sided games can
be considered a combined training stimulus that stops at the
same time to interact with several systems of adaptation.
In contrast to HIIT that mainly causes cardiovascular and
metabolic loads by using predetermined patterns of running,
SSG presents uninterrupted perception action coupling,
reactive decision-making, and bidirectional movement.
All these factors could lead to better neuromuscular
coordination, higher adaptability in movements, and
elevated psychological involvement. Thus, variations in
training responses between SSG and HIIT may not be solely
attributed to training intensity but also the interplay between
physiological, motor and cognitive demands.

Here, the choice of outcome variables can be considered
to be a system of adaptation in itself. Maximal aerobic
speed (a measure of cardiovascular performance), agility
(neuromuscular coordination and change-of-direction ability),
and neuromuscular power (capacity to produce explosive
force) are all indicators of neuromuscular fitness. Variables
of an affective nature like enjoyment and mood state can give
us a glimpse into the psychological factors that affect training
adherence and performance maintenance. A combination of
these variables will make it possible to evaluate the training
effectiveness in a multidimensional manner, including
physiological, motor, and psychological aspects. Although there
has been an increased literature of research on the comparison
of small-sided game and high-intensity interval training, the
scientific problem is not well described. The available literature
has mainly centred on the comparison of outcomes, whereas the
mechanistic premise of adapting physiological, neuromuscular
and psychological systems in female field hockey players has
been dissatisfactory.

Therefore, the aim of the current study was to compare
the differences in six weeks of mini-games and high-intensity
running on the chosen physical and psychological indicators
among the female athletes of field hockey in collegiate
institutions. In detail, the maximal aerobic speed, agility,
neuromuscular power, enjoyment, and mood state were
measured before and after the intervention. The hypothesis
was that both training approaches would enhance aerobic
fitness, and the small-sided games would yield more during
agility and psychological reactions as they are sport-specific
and interactive.

Materials and Methods

Study Design

In the current research, one applied experimental
design was the randomised pre-test and post-test that was
used to study the functioning of two conditioning stimuli,
including small-sided games (SSG) and high-intensity
interval training (HIIT), on a chosen set of physical and
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psychological variables of the impact of these programmes
on the chosen group of participants in the case of the study of
collegiate women in the field hockey team. The respondents
were chosen randomly to be put in an experimental group
that exercised SSG or a control group that exercised HIIT.
The two groups went through a coordinated six weeks
conditioning programme besides their normal field hockey
practice. The pre-intervention experiments were done a
week prior to the commencement of the training programme
whereas the post-intervention tests were taken right after the
six weeks of the intervention. The study design enabled the
comparison to be made on effectiveness of the sport-specific
conditioning intervention utilising small-sided games in
comparison to the traditional interval-based conditioning.

Sample Size Estimation

G * Power software (version 3.1) was used to conduct an
a priori power analysis to establish the necessary number of
samples required to achieve significant differences between
groups. Taking a moderate effect size (f = 0.25), an 0.05
level of alpha, and 0.80 level of statistical power in analysing
covariance (ANCOVA), the estimated minimum of 28
participants were necessary. Consequently, the recruiting
of athletes involved was 30, which is sufficient to achieve a
robust statistical power of the study (Faul et al., 2007).

Participants

This study was done on thirty female field hockey players
of colleges (age 18 to 23 years) who came forward to volunteer
in this research. All the athletes were intercollegiate players with
an experience of three years of playing and were themselves
regularly subjected to institutional training and competition.
The participants were randomly divided into the experimental
small-sided games group (SSG; n = 15) or the control group
of high-intensity interval training (HIIT; n = 15) based on a
randomization selection by computer. All participants gave
written informed consent and were briefed on the procedures
that will be followed during the study beforehand. The players
who have sustained injuries, musculoskeletal disorders, or
other medical conditions that could restrict the exercise to high
intensity were excluded. The participants were also advised
to stick to their normal diet and not to participate in many
other conditioning programmes in the course of intervention.
Figure 1 demonstrates the participant recruitment, allocation,
follow-up and analysis processes. The study was conducted
in accordance with the Declaration of Helsinki, and ethical
approval was obtained from the institutional research ethics
committee prior to commencement.

Training Intervention

Theduration of theintervention wassixweeks (Table 1), with
the participants undergoing two sessions of the conditioning
along with their routine training in field hockey. The duration
of every session was around 30 to 35 minutes. The experimental
and control group adhered to various conditioning regimens,
but had similar training frequency and training duration. The
experimental group engaged in small-sided games (SSG) player-
to-player and setting-to-setting variations of match situations
consisting of small playing areas and a smaller number of
players. These games were meant to simulate match-specific

Assessed for Eligibility (n = 36)

Excluded (n=6)
| « Not meeting inclusion criteria (n = 4)

« Declined to participate (n = 2)

v

| Randomized (n = 30) |

!
[ 1

Allocation
Allocated to SSG Group (n = 15) Allocated to HIIT Group (n = 15)

* Received allocated intervention (n=15) « Received allocated intervention (n = 15)

Follow-Up

v v

Lost to Follow-Up (n=0) Lost to Follow-Up (n=0)

« Discontinued (n = 0) « Discontinued (n = 0)

v v

Analyzed (n = 15) Analyzed (n = 15)

+ Excluded from analysis (n=0) « Excluded from analysis (n = 0)

Fig. 1. CONSORT Flow Diagram

requirements in the sense that they included ball involvement
ona continuous basis, direction changes as well as timely tactical
decision making. The control group performed high-intensity
interval training (HIIT) consisting of structured intermittent
running bouts at intensities exceeding maximal aerobic speed
(MAS). The protocol contained short-duration running
intervals repeated and separated with short periods of passivity.
The intensity and volume of training was gradually enhanced
in the course of the six-week period through manipulation of
the duration of gameplay, the number of participants, field area,
and the length of running periods.

Training Load Control

Training load was monitored throughout the
intervention period to ensure consistency between groups.
After every training session, the participants provided the
rating of perceived exertion (sSRPE) that was measured on the
Borg CR-10 scale. The internal training load was determined
by multiplying the sRPE score and session duration. Also,
an assessment of the heart rate was done during chosen
sessions to ensure that the participants worked in a range
of target intensity which was about 85-95 of the maximum
heart rates. Such procedures made sure that the two training
programmes placed similar physiological stress although
training format was different (Foster et al., 2001).

Testing Procedures

Every participant was physically and psychologically
evaluated before and after the training intervention.
All of the tests were done on the same field and similar
environmental conditions, to maintain the consistency. All
the participants underwent a standardised 10-minute warm-
up which included light jogging, dynamic stretching and
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Table 1. Six-Week Training Intervention Schedule for the Experimental (SSG) and Control (HIIT) Groups

Control Group - High-Intensity Interval Training

Week Experimental Group - Small-Sided Games (SSG) (HIIT)

Week 1 4 vs 4 games on 30 x 40 m field; 4 bouts x 4 min; 2 min passive Intermittent running: 15 s at 110% MAS + 15 s passive
recovery between bouts. Emphasis on ball possession and recovery; 4 sets x 4 min; 2 min passive recovery between
continuous play. sets.

Week 2 4 vs 4 games; 4 bouts x 4 min; field size unchanged. Players Same protocol as Week 1; athletes instructed to maintain
encouraged to increase tempo and maintain high pressing running speed above MAS target; 4 sets x 4 min intervals.
intensity.

Week 3 4 vs 4 games; 5 bouts x 4 min; 2 min recovery; additional Intermittent running: 15 s at 110% MAS + 15 s passive
tactical rule introduced (maximum 3 touches per player) to recovery; 5 sets x 4 min intervals; 2 min recovery
increase movement intensity. between sets.

Week 4 5vs5games on 35 x 45 m field; 4 bouts x 5 min; 2 min Intermittent running: 20 s at 110% MAS + 20 s recovery;
recovery; emphasis on quick ball circulation and attacking 4 sets x 5 min; 2 min passive recovery between sets.
play.

Week 5 4 vs 4 games; reduced field size (28 x 38 m) to increase Intermittent running: 20 s at 110% MAS + 20 s recovery;
intensity; 5 bouts x 5 min; 2 min recovery; rule: immediate 5 sets x 5 min; 2 min recovery between sets.
transition after ball loss.

Week 6  Mixed SSG formats (3 vs 3 and 4 vs 4); field size 25 x 35 m; Intermittent running: 20 s at 115% MAS + 20 s recovery;

5 bouts x 5 min; 2 min recovery; maximum competitive

5 sets X 5 min; 2 min recovery between sets.

intensity encouraged.

mobility exercises followed by testing. This was to achieve
reduced risk on injury and enhance reliability of testing
through standardised warm up procedures (Bishop, 2003).

Maximal Aerobic Speed (MAS)

The aerobic fitness was evaluated by a progressive
running test which is aimed to identify the maximal aerobic
speed. Participants were required to run at progressively
increasing speeds until volitional exhaustion. Maximal
aerobic speed was the highest running speed that was
attained during the test. The assessment of maximal aerobic
speed that has been extensively applied among team sport
athletes is progressive field tests, which have high validity
and reliability (Buchheit, 2008).

Agility Test

Agility performance was determined by the use of
Modified Agility T-test used to assess the capacity to speed
up, slow down and change direction quickly. The participants
were made to run at full speed, jog along and reverse in
a fixed route. Digital stopwatch was used in determining
the total time of completion. The T-Test has been found to
be very reliable and valid in the measure of agility among
athletics (Pauole et al., 2000).

Five-Jump Test

Neuromuscular power of lower body was measured in the
form of the five-jump test (5JT). The participants were required
to take 5 successive horizontal jumps using alternate legs after
standing position. A measuring tape was used to determine the
total distance between the starting point to the ultimate landing
location. The five-jump test has been found to be a good field
test in the assessment of explosive power of lower-body among
athletes (Chamari et al., 2004).

Psychological Measures

The effects of the training interventions were assessed
based on validated questionnaires psychological reactions
to the examination.

Physical Activity Enjoyment Scale (PACES)

The Physical activity enjoyment scale (PACES) was used
to measure enjoyment related to the training. The scale of the
questionnaire includes various questions where the higher
the score the more enjoyable it is to take part in physical
activity (Kendzierski and DeCarlo, 1991).

Total Mood Disturbance (TMD):

The profile of mood states (POMS) questionnaire was
used to measure mood states. The individual mood component
scores were added to obtain the total mood disturbance scores
using the scoring procedures (McNair et al., 1971).

Reliability of Tests

The performance tests utilised in the current study
have shown that they are highly reliable in their test in the
past studies. Most of the tests high test-retest reliability
experiments displaying high test-retest reliability coefficients
of more than 0.85 have demonstrated high test-retest
reliability (Table 2), consistent measurements in populations
involving athletes (Pauole et al., 2000; Chamari et al., 2004).

Table 2. Reliability of Selected Performance Tests

: Reliability
Test Variable (ICC)
Progressive Running Test Maximal Aerobic Speed 0.91
Modified T-Test Agility 0.89
Five Jump Test Lower-body Power 0.92

All tests demonstrated high reliability (ICC > 0.85), indicating
good measurement consistency.

Statistical Analysis

Statistical analyses were conducted using SPSS version
25.0. All variables were determined by the calculus of
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descriptive statistics in the form of the mean standard
deviation. Before inferential analyses, the assumptions
of normality and homogeneity of variance were tested in
Shapiro/wilk test and Levene test respectively. Independent
samples t-tests were used to assess the differences in
the baselines across the groups. Analysis of covariance
(ANCOVA) was used to determine the effects of the
intervention by putting in the pretest scores as covariates to
correct the baseline differences. The magnitude of training
effect was computed by using Cohen d. All analyses were set
at p < 0.05 which is the statistical significance (Cohen, 1988).

Results

The descriptive characteristics of the participants at
baseline are presented (Table 3).

Table 3. Baseline Descriptive Characteristics of the
Participants

Experimental Control
. Group (SSG) Group (HIIT
Variable (n E (15) ) (np=(15) )
Mean + SD Mean * SD

Age (years) 20.13£1.62  20.27+1.54
Height (cm) 163.45+5.11 162.98 +4.87
Body Mass (kg) 57.82+476  58.34 +4.58
Playing Experience (years) 527 £ 1.41 5.13 £ 1.36
Maximal Aerobic Speed (km'h') 1348 £0.79  13.42+0.83
Agility (Modified T-Test, s) 10.61 £0.46  10.65 +0.49
5-Jump Test Distance (m) 10.31 £ 0.58 10.27 £ 0.62
PACES Score (Enjoyment) 93.74+6.18 9296 + 6.41
Total Mood Disturbance (TMD) 96.21 +835 97.08 +8.11
Hooper Index Score 9.12+1.73 9.27 + 1.65

Note. Values are presented as Mean + Standard Deviation (SD).
No significant differences were observed between groups at
baseline (p > 0.05), indicating comparable initial characteristics.

The experimental and control groups (SSG and HIIT,
respectively) were similar regarding age, anthropometric
issues, and performance indicators during the baseline.
There are no significant variations between groups before
the intervention, meaning that the participants were not that
heterogeneous before the intervention.

The pre- and post-intervention changes in the selected
physical and psychological variables are presented (Table
4). Following the six-week training program, both groups
demonstrated improvements in maximal aerobic speed
(MAS). The SSG group increased from 13.48 + 0.79 km-h-
'to 14.72 + 0 .68 km-h"!, while the HIIT group improved
from 13 .42 £ 0.83 km-h™' to 14 .41 + 0 .74 km-h"". For agility
performance, the SSG group showed a greater reduction in
agility time compared with the HIIT group. Agility time
decreased from 10.61 £ 0 .46 s to 9.94 + 0.41 s in the SSG
group, whereas the HIIT group improved only slightly from
10.65 + 0 .49 s to 10 .47 + 0.46 s. Changes in neuromuscular
power were low in both groups and did not reach statistical
significance. With respect to mental responses, the PACES
scores showed a strong increase in the SSG group, improving
from 93.74 + 6.18 to 104.62 * 5.83, whereas the HIIT group
demonstrated only a minor increase. In contrast, total
mood disturbance (TMD) decreased in the SSG group but
increased slightly in the HIIT group.

PACES Score

Maximal Aerobic Speed Agility (Modified T-Test)

Pre Post Pre Post
W SSG HIT

*p<0.05, ** p<0.01, ** p < 0.001,  Significant between-group difference.

Fig. 2. Pre-Post Changes in MAS, Agility, and PACES

To determine the true intervention effect after adjusting
for baseline differences, an analysis of covariance (ANCOVA)
was performed. The results of this analysis are presented
(Table 5). The ANCOVA analysis revealed an significant
group effect for outside aerobic speed (F = 6 .84, p = 0.014),
indicating that the improvement in aerobic fitness was
greater in the SSG group compared with the HIIT group.
Similarly, an significant group effect was observed for agility
performance (F = 11 .72, p = 0.002), demonstrating that
the SSG training program produced significantly greater
improvements in agility. In contrast, no significant group
difference was found for neuromuscular power (five-jump

Table 4. Pre- and Post-Intervention Changes in Physical and Psychological Variables

Variable Group NE TI;T;SStI) ;;:::Iess]t) Mean Change Effect Size (d) p-value

Maximal Aerobic Speed (km-h') SSG 13.48 £ 0.79 14.72 £ 0.68 +1.24 1.69 0.001*

HIIT 13.42 +£0.83 14.41 £ 0.74 +0.99 1.25 0.003*

Agility (Modified T-Test, s) SSG 10.61 £ 0.46 9.94 +0.41 -0.67 1.54 0.001*
HIIT 10.65 + 0.49 10.47 £ 0.46 -0.18 0.38 0.089

Five-Jump Test (m) SSG 10.31 £ 0.58 10.49 £ 0.57 +0.18 0.31 0.122
HIIT 10.27 £ 0.62 10.43 £ 0.61 +0.16 0.26 0.148

PACES Score SSG 93.74 + 6.18 104.62 + 5.83 +10.88 1.82 0.001*
HIIT 92.96 + 6.41 95.31 £ 6.07 +2.35 0.37 0.094

Total Mood Disturbance SSG 96.21 £ 8.35 88.42£7.12 -7.79 0.98 0.004*
HIIT 97.08 £8.11 101.36 + 8.45 +4.28 0.52 0.071

*Significant at p < 0.05
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Table 5. Analysis of Covariance (ANCOVA) Results for Post-Test Scores

Variable Source Sum of Squares df Mean Square  F-value p-value Partial E(‘,;t]z:)Squared

BG 1.36 1 1.36

Maximal Aerobic Speed 6.84 0.014* 0.20
WG 537 27 0.20
BG 2.14 1 2.14

Agility (Modified T-Test) 11.72 0.002* 0.30
WG 4.94 27 0.18
BG 0.18 1 0.18

Five-Jump Test 1.02 0.321 0.04
WG 4.75 27 0.18
BG 689.31 1 689.31

PACES Score 19.63 0.001* 0.42
WG 947.22 27 35.08
BG 1265.48 1 1265.48

Total Mood Disturbance 16.94 0.001* 0.39
WG 2015.73 27 74.65

* Statistically significant at p < 0.05

test). For the mental variables, the analysis showed significant
group effects for PACES (F = 19 .63, p = 0.001) and total
mood disturbance (F = 16 .94, p = 0.001), indicating that
the SSG intervention resulted in greater improvements in
enjoyment and mood state compared with HIIT.

Figure 2 illustrates the variables demonstrating
significant post-intervention effects between groups.
Significant improvements were observed for maximal
aerobic speed, agility performance, and enjoyment (PACES),
with greater adaptations in the small-sided games group. In
contrast, no significant between-group eftfect was found for
neuromuscular power, as assessed by the five-jump test.

Discussion

The findings indicate that six weeks of small-sided
games (SSG) and high-intensity interval training (HIIT)
positively influenced selected physical and psychological
variables in collegiate female field hockey players. While
both training modalities significantly improved maximal
aerobic speed, SSG resulted in greater improvements in
agility and psychological responses. No significant changes
were observed in neuromuscular power. These findings
extend previous research by providing a more integrated
understanding of how different conditioning strategies
influence multiple systems of adaptation in team-sport
athletes (Buchheit and Laursen, 2013; Hill-Haas et al., 2011).

The improvements in maximal aerobic speed in both
groups may be attributed to different, yet complementary,
physiological processes. High-intensity interval training
has been proven to be an effective stimulus of central
cardiovascular adaptations, such as augmented stroke
volume, augmented cardiac output, and augmented
oxygen transport capacity (Helgerud et al., 2001; Buchheit
& Laursen, 2013). Such adaptations are mainly instigated
by recurrent exposure to near-maximal intensities in a
controlled format. Conversely, small-sided games probably
cause similar aerobic adaptations with intermittent high-
intensity exercise interspersed with game-based exercise.
The repeated alternations between offensive and defensive
movements, the frequent accelerations and decelerations
can cause significant metabolic loads, which can in turn
trigger central and peripheral adaptations (Hill-Haas et al.,

2009). The marginally higher increase in the SSG group
may be explained by the fact that effort is variable and self-
regulated during the game play, and thus can facilitate long-
term engagement at high intensities.

One of the main findings was the significantly greater
improvement in agility performance following SSG
compared with HIIT. This distinction may be explained
by the principle of specificity and the system of ecological
processes. Small-sided games naturally involve athletes
reacting to ever-evolving environmental factors, such
as the position of opponents, ball control, and space.
These conditions facilitate perception-action coupling,
wherein decision-making and motor execution are closely
coupled (Davids et al., 2013). Consequently, athletes will
be exposed to repetitive, sport-specific stimuli that can
improve neuromotor coordination, reactive strength and
movement efficiency. Conversely, HIIT protocols are usually
predetermined, linear running patterns with little variation
and limited mental activity. Although useful in enhancing
metabolic capacity, these conditions might be inadequate
to activate neuromotor processes involved in quick change-
of-direction performance. As such, the higher agility
improvements in the SSG group might be attributed to the
combination of cognitive and motor tasks and not physical
load per se (Rampinini et al., 2007; Davids et al., 2013).

In contrast, neither training modality resulted in significant
changes in neuromuscular power, as assessed by the five-jump
test. This observation indicates that the main focus of both
SSGand HIITisonmetabolicand coordinative modifications,
as opposed to the maximal production of force. Though
small-sided games require numerous accelerations and
explosive motions, the magnitude and mechanical loading
might be insufficient to cause significant neuromuscular
adjustments related to the stretch shortening cycle. Likewise,
HIIT training programs focus on the development of energy
systems, as opposed to maximal output. Past studies have
always shown that the enhancement in explosive power is
better through resistance training or plyometric training
that is specifically geared towards neuromuscular activation
and force production (Markovic & Mikulic, 2010). Thus, the
lack of meaningful differences in neuromuscular power in
the findings can probably be explained by the specificity of
the training stimuli.
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The observed psychological responses provide further
insight into the differences in the effects of the two training
modalities. Participants in the SSG group demonstrated
greater improvements in enjoyment and decrease in mood
disturbance than the HIIT group. These findings may be
explained in terms of self-determination theory, which lays
stress on autonomy, competence, and relatedness in the
process of developing intrinsic motivation. These elements
are inherent in small-sided games as they offer a chance
to make decisions, socialize, and express their skills in a
competitive setting. These conditions will probably increase
intrinsic motivation and positive affective reactions (Selmi
et al., 2020). HIIT, on the contrary, is repetitive, externally
regulated activity with a small range of variability, which can
potentially decrease engagement and perceived monotony.
Since psychological aspects are significant in the training
of adherence and long-term development of athletes, these
findings indicate the value-added of game-based training
methods (Scanlan et al., 2014).

In a more general sense, These findings support
the concept that training adaptations in team sports are
the outcome of the interactions between physiological,
neuromuscular, and cognitive systems, but not the reaction to
the physical load independently. Small-sided games seem to
be a multidimensional training stimulus, which concurrently
activates these areas, which improves performance and
engagement. Although conventional forms of conditioning
like HIIT are still effective in enhancing aerobic capacity,
they may not be as effective in transferring to sport-specific
performance when not supplemented with context-specific
training. These findings support the role of incorporating
representative learning settings in conditioning programs to
achieve the fullest training benefits (Hill-Haas et al., 2011).

These findings imply that conditioning in team sports
must not be thought of as a single physiological loading,
but as a combination of metabolic stress, neuromotor
coordination, and perceptual-cognitive demands. In this
regard, training strategies like small-sided games might
have better ecological validity in promoting transfer of
adaptations to competitive performance.

Although the study has its strengths, a number of
limitations must be noted. The intervention period was
not very long (six weeks), and this might not have been
enough to produce any meaningful neuromuscular changes.
Also, the sample was restricted to a certain population of
collegiate female field hockey players, which can influence
the extrapolation of the findings. In addition, the research
lacked direct physiological observation like oxygen uptake,
blood lactate level, or GPS-tracked movement data, which
would have helped to gain a more in-depth understanding
of the processes behind the identified adaptations. Further
studies are advised to include longer intervention periods,
larger samples, and objective physiological and match-related
performance outcomes to gain a better understanding of the
processes of adaptation.

Conclusions

This study examined the effects of six weeks of small-sided
games (SSG) and high-intensity interval training (HIIT) on
selected physical and psychological variables in collegiate
female field hockey players. Both training modalities

significantly improved maximal aerobic speed, indicating
their effectiveness in enhancing aerobic fitness. However, SSG
produced greater improvements in agility and psychological
responses, likely due to its sport-specific, multidirectional,
and interactive nature. Neither intervention resulted in
significant changes in neuromuscular power, suggesting that
additional strength or plyometric training may be required
to enhance explosive performance. Overall, these findings
support the use of small-sided games as an effective and
practical conditioning strategy that simultaneously develops
physical performance and psychological engagement in
team-sport athletes.
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Irpn HeNOBHMMN CKNagaMmm NPOTN BUCOKOIHTEHCUBHUNX
iHTepBaNbHNX TPEeHYBaHb: BNJINB Ha aepOOHY NiAroToBNEHICTb,
CMPUTHICTb Ta NCUXONOriYHi peaKLUil CTYAEHTOK-XOKEICTOK Ha TpaBi

KanaitBani C'3¢P, [TeBim Metbto JIK.'ABCPD

I XiHEyCcTaHCHKUIT iHCTUTYT TEXHOJIOTI i HayKu (BU3HAHMI VHIBePCUTET
ny y y y

ABTOpCHKNMIT BKIAM: A — FU3aiH KOCTiIKeHHsT; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pegepar. Crarrst: 9 ., 5 Tabn., 2 puc., 26 mxeper.

Mera gocmimkeHHA. MeTa [OCTIPKeHH TI0JIATa/Ia Y BUBYEHHI BIUIMBY irop HenoBHymu cknagamu (IHC) Ta BucoKoiHTeH-
CUBHMX iHTepBanbHMX TpeHyBaHb (BIIT) Ha oOpaHi ¢isuyHi Ta ICUXOMOTiYHI TOKa3HUKY CTYAEHTOK-XOKeICTOK Ha TpaBi.

Marepianu i Mmerogu. TpUALATb CTYEHTOK-XOKeICTOK Ha Tpasi (Bik: 20,20 + 1,58 poky) 6ynu BifibpaHi 3a MeTogoM paH-
momisarii Ta pospgineni Ha rpyny IHC (n = 15) ta rpyny BIIT (n = 15). O6uaBi rpynu 6pany y4acTb y MIECTUTIDKHEBI po-
rpaMi TpeHyBaHb (JjBa 3aHATTSA Ha TYDKJEHb) I1apajie/IbHO 3 PETy/IAPHOI0 IPAKTUKOI KOMaHIHMX TpeHyBaHb. Ipyna IHC rpama
y ¢opmari 4 mpotu 4 Ha MaifaHIMKy po3mipom 30 x 40 M, Togi sk rpyma BIIT BuxonyBana 15-cexkyHpaHi 6irosi cepii Ha piBHi
110% Bix MakcumanbHOi aepo6Hoi mBuakocti (MAII) 3 15-cekyHIHMMM iHTepBaaMu ITaCMBHOTO BifHOBIeHH:. Ha mepen- Ta
HOCTIHTEPBEHIIITHOMY eTanax IPOBOAMINICS BUMIPIOBAHHS [TOKA3HUKIB MaKCHMa/IbHOI aepOOHOI MIBUAKOCTI, CIPUTHOCTI (MO-
nudixkoBanmit T-xpurepiit CTbIofieHTa), HEPBOBO-M A30BOI MOTY>KHOCTI (TecT Ha 5 cTpuUOKIB), piBHA 3aJOBOJIEHHS Bif| 3aHATD
¢isnunHo0 akTHBHICTIO (1kama PACES) Ta ncuxoeMoliiitHoro ctany (3aranbHe nopyiueHHs Hactporo; 3ITH). [lna aHammisy gaHux
BUKOPMCTOBYBa/IICS t-KpUTepil [y1sl He3aneXXHNX BIOIpOK Ta KoBapiariiittnii ananis (p < 0,05).

Pesynprarn. Ha moyaTkoBoMy eTari JOCTiPKeHH 3HAYyIIMX BifMiHHOCTelT He criocTepiranocs (p > 0,05). B o6ox rpymax
nokpamysca nokasauk MAIIL, npote rpyna IHC npofgeMoHCTpyBaia CyTTEBIl 3pyIIeHHs Y IOKa3HMKAX CIIPUTHOCTI Ta MCK-
xororivaux aminHux. KoBapianjiltunii aHani3s BUABMB 3HauyILi IpymoBi eektu mopo nokasuukis MAIII (p = 0,014), coputHocTi
(p = 0,002), PACES (p = 0,001) ta 3ITH (p = 0,001) Ha kopucTb TpeHyBaHb 3a Metopukoo IHC. [Toka3HMKM HEPBOBO-M 30BOI
IIOTY>KHOCTI He IIPOJAEMOHCTPYBa/IN CTATUCTUYHO 3HAYYIIMX BiIMiHHOCTEN MK IPyIIaMu.

BucHoBKM. Irpyt HemoBHMMY CK/TafiaMy 3a6e3MeynIy Kpallli pe3yabTaTy y PO3BUTKY CIIPUTHOCTI Ta IICHXOJIOTIYHNX peaKILiit,
IIPOAEMOHCTPYBABIIN PIBHOL[IHHY e(eKTUBHICTB IO0 IIOKpallleHHs aepobOHOI mifgrorosreHocTi. Lli pesyipraty miaTBepHKYOTH
TouinbHicTh 3acTocyBaHHA MeTopuku IHC sk exornorivHo BamifgHOl Ta epeKTMBHOI KOHAUIIIHOI cTpaTerii MiATOTOBKY CTY/eH-
TOK-XOK€ICTOK Ha TpPaBi.

KirrouoBi crmoBa: irpy HeIoOBHUMM CK/IafilaMy, BUCOKOIHTEHCUBHE iHTepBa/lbHe TPEHYBaHHA, XOKeil Ha TpaBi, aepobOHa mij-
TOTOBJIEHICTD, cipuTHicTh, PACES.
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