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Abstract
This study examined the effects of a 5-week boxing training program on visual motor reaction time, functional lateral-
ity, and psychological variables in female university students with no prior boxing experience. Thirty-one participants 
were assigned to either an experimental group, which completed 10 boxing sessions over 5 weeks, or a control group. 
Visual-motor reaction time (VMRT) was assessed using the FitLight Trainer™ system under simple (SRT) and complex 
reaction time (CRT) conditions, performed from both left- and right-sided stances. The lateralization index (LI) was 
calculated; self-esteem, self-efficacy, and self-defence confidence were assessed; and exertion and enjoyment were 
recorded in the experimental group. No significant changes in SRT or psychological variables. Significant interactions 
emerged for CRT (mean difference =32.85ms, p=0.007), indicating side-specific adaptations. In addition, LI increased 
significantly over time (p=0.034) and indicated greater lateral asymmetry in the experimental group (p=0.015). Partici-
pants in the training group also reported moderate exertion (4.34±2.57) and high enjoyment (6.45±0.95). These findings 
suggest that short-term boxing training in female students’ novice to boxing may not be sufficient to improve basic 
reaction speed or psychological outcomes, but it may influence perceptual–decision processes and functional laterality 
in a task-specific manner. 

Keywords: university student, female boxing, visual motor reaction time, functional laterality, percep-
tual-motor performance

Introduction
In a combat sport match, the two athletes engage in a dy-

adic relationship across time-limited scenarios, which require 
constantly making decisions under time constraints (Milazzo 
et al., 2016) about which stimuli to prioritise and which to dis-
regard in their responsive actions. Additionally, the type and 

magnitude of stimuli, along with the athletes' arousal states 
and levels of fatigue, influence their responses, requiring a 
perceptual profile tailored to the specific demands of the sport 
(Abernethy, 1996). Athletes' quick and accurate reactions de-
pend heavily on their ability to process visual and tactile stim-
uli while synchronizing their movements (Zhang et al., 2022). 
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The duration of a responsive action comprises: a) Re-
action Time (RT), which reflects mental processes prior to 
movement (Schmidt & Wrisberg, 2008); b) Movement Time 
(MT), which encompasses both kinetic and cognitive func-
tions (Schmidt et al., 2018). In turn, RT is categorized into 
simple reaction time (SRT) and complex reaction time (CRT), 
with the latter involving longer processing by central nervous 
system. Therefore, as rapid and coordinated movements are 
driven by cognitive processes linked to visual stimuli, visual 
motor reaction time (VMRT) is recognised as one of the key 
factors influencing performance superiority (Hülsdünker et 
al., 2018). VMRT can be objectively evaluated using various 
methods developed over the years for both training and test-
ing. Among these, Light Sport Training Systems (LSTS) assess 
the speed and accuracy of responses to visual stimuli through 
rapid motor reactions by using sensitive wireless lights con-
nected to a mobile control device that can light up randomly 
or in a specific sequence (Polechoński et al., 2025).

Boxing is a fast-paced combat sport characterized by 
dynamic situations, where boxers engage at close distances, 
and the impact of their actions is influenced by their distance 
to the target (Hristovski et al., 2006). The ability of boxers 
to accurately read their opponents' visual cues and respond 
quickly is crucial for blocking and evading punches, set up 
counterattacks, as well as anticipating opponents' attacks by 
exploiting openings in their change in defences (Ottoboni et 
al., 2015). Menzel and Potthast (2021) examining the duration 
from the initial fist movement from a defensive position to 
the target and back, found differences for punch actions (Jab, 
Cross, Hook and Uppercut) between experienced (faster) and 
non-experienced amateur (slower) boxers. 

Research indicates that visual abilities correlate with 
punching accuracy, suggesting as enhanced visual skills and 
training programs targeted on RT, eye‑hand coordination 
and depth perception improve punching accuracy in male 
and female boxers (Wu et al., 2024; Xiao et al., 2025), while 
also highlighting the role of training experience. Solovey et al. 
(2021) demonstrated that young male boxers with 5-7 years 
of experience possess significantly faster SRT compared to 
non-athlete peers, indicating better central nervous system 
stability and attentional performance. The study also imple-
mented a 3-month non-contact boxing program for non-ath-
lete students, showing positive effects on cognitive functions, 
sensorimotor reactions, and nervous system efficiency, thus 
justifying its inclusion in physical education. 

Additionally, how boxers organise and execute offensive 
and defensive actions is also influenced by their functional lat-
erality (Shtanagey et al., 2021), which refers to the preferential 
use of the right or left arm and leg, as well as its impact on how 
approaches, attacks and defences are directed to achieve an 

optimal performance (Grouios, 2004; Guilherme et al., 2015). 
In this regard, previous studies indicate that RT can vary be-
tween the left and right sides due to laterality, stimulus type, 
sport practice, and stress, with lateral specialization further 
modulated by the specific type of training (Badau et al., 2018; 
Iglesias-Soler et al., 2018).

Finally, participation in combat sports like boxing can 
enhance individuals’ psychological well-being. Research on 
undergraduate students indicates that engagement in box-
ing activity is associated with higher subjective well-being, 
with psychological factors such as emotional intelligence and 
self-esteem mediating this relationship (Ying & Yang, 2025). 
Specifically, boxing activity may improve well-being directly 
by fostering emotional competencies and boosting self-esteem. 

Based on the above premise, this study aimed to inves-
tigate functional laterality in female university students with 
no prior boxing experience by assessing SRT and CRT under 
various lateralized conditions before and after a short-term 
non-contact boxing training program. Additionally, the study 
investigated the effects of this boxing program on the well-be-
ing of the female students, exploring changes in psychological 
variables, specifically self-esteem, self-efficacy, and perceived 
self-defence, through questionnaire-based assessments.

Materials and methods
Participants and design

This study employed a PRE-POST experimental design, 
with an experimental group (EG) participating in a 5-week 
boxing training program while a control group (CG) main-
tained their usual activities. All participants completed the 
same assessments at PRE and POST time points, including 
VMRT tests under various lateralized conditions for both SRT 
and CRT responses, as well as questionnaires assessing select-
ed psychological variables. RPE and ENJ were also recorded 
for all EG training sessions.

Thirty-one female university students from the Sports 
University of Tirana (age: 19.4±1.1 years) were recruited and 
divided in EG (N=20) and CG (N=11), of whom 27 were 
right-handed and 4 were left-handed. Inclusion criteria in-
cluded: (a) no prior boxing experience, (b) absence of muscu-
loskeletal injuries that could affect performance during test-
ing. A schematic overview of the study design and assessment 
timeline is presented in Figure 1.

Participation was voluntary and subjects’ informed con-
sents were obtained before data collection. The research was 
approved by the Ethics Committee of the Sport University of 
Tirana ([2025]1514/2) and complied with ethical standards 
outlined in the Declaration of Helsinki.
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Figure 1. Experimental design and assessment timeline

Boxing training program
The EG completed a structured five-week non-contact 

boxing program with two 90-minute sessions per week, to-
taling 10 sessions, supervised by a certified national boxing 
coach from the Albanian Boxing Federation. The program, 
mirroring previous short-term non-contact boxing interven-
tions with novice female university students (Martusciello et 
al., 2026), included a warm-up, technical drills on fundamen-
tal boxing techniques (Jab, Cross, Hook, Uppercut), punching 
combinations and footwork exercises. Specific reaction-based 
drills to stimulate perceptual-motor responses were intention-
ally avoided.

Visual motor reaction time assessment
VMRT was assessed using the FitLight Trainer™ system 

(FitLight Corp., Ontario, Canada). Tests were conducted un-
der different lateralized conditions, requiring participants to 
respond from both Left (L) Stance (orthodox) and Right (R) 
(southpaw) while executing a lead straight punch (with trunk 
rotation) toward a light positioned at chin level. Participants 
were assessed for both SRT and CRT with two Stance-Side 
conditions (L and R). In SRT tests, they quickly responded to 
a single visual stimulus with a straight punch (Jab) using the 
lead hand. In CRT tests, the color-coded stimuli required to 
choose between two colors with a Jab (yellow = left punch) or 
a Cross (blue = right punch). Each attempt included 12 ran-
domly presented stimuli at intervals of 2 to 6 seconds. After 
excluding the smallest and largest values, the mean reaction 
time of the remaining trials (N=10) was calculated for further 
analysis (Polechoński et al., 2025).

To explore functional laterality, a lateralization index 
(LI) was calculated as the difference between R and L Stance-

Side reaction times (ms) (LI = R - L), quantifying the mag-
nitude and direction of asymmetry. Positive values indicated 
longer reaction times on R, while negative values indicated 
longer times on L. Values close to zero indicated more sym-
metrical performance. Such calculation was provided for both 
PRE and POST time points. 

Psychological questionnaires
Psychological variables were assessed using two vali-

dated questionnaires administered at PRE and POST under 
standardised conditions to ensure their reliability. Self-esteem 
was evaluated with the 10-item Rosenberg Self-Esteem Scale 
(RSES) (Rosenberg, 1965) using a 4-point Likert scale from 1 
(“strongly disagree”) to 4 (“strongly agree”), with higher total 
scores (including the five requiring reverse scoring) express-
ing higher self-esteem. The Cronbach’s α coefficient for this 
scale was 0.91.

General self-efficacy, measuring individuals' perceived 
ability to cope with difficult situation, was evaluated with the 
10-item General Self-Efficacy Scale (GSE) (Schwarzer & Je-
rusalem, 1995). Responses were recorded on a 4-point Likert 
scale ranging from 1 (“not at all true”) to 4 (“exactly true”), 
with higher total scores expressing greater perceived self-effi-
cacy. The Cronbach’s α coefficient for this scale was 0.96.

Additionally, both EG and CG completed a customized 
6-item questionnaire to assess their perceived self-defence 
confidence (PSDC) and ability to cope with potentially chal-
lenging situations. Statements included self-confidence in dai-
ly situations, belief in self-change in defence ability, body con-
trol, calmness in difficulties, capability to face challenges, and 
strength to handle moments of stress or tension. Responses 
were recorded on a 4-point Likert scale, with higher scores 
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indicating greater PSDC. The questionnaire's internal consis-
tency showed good reliability (Cronbach’s α=0.80).

Perceptual responses to training
In the EG, RPE (Borg, 1998) and ENJ scores were re-

corded after each training session using a 1-7 scale (Perazzetti 
et al., 2025). These measures evaluated participants' perceived 
training intensity and engagement during the boxing training 
program. For the analysis, a mean score across the 10 training 
sessions was calculated for each participant.

Statistics
Descriptive statistics were calculated as mean ± standard 

deviation (SD). The normality was further assessed using the 
Shapiro–Wilk test, which indicated that most variables were 
normally distributed.

For reaction time variables (SRT, CRT), a 2 (time: PRE, 
POST) × 2 (Stance-Side: L, R) repeated-measures ANOVA 

was conducted with group (EG, CG) as a between-subject 
factor. To analyse LI, a 2 (time: PRE, POST) repeated-mea-
sures ANOVA with group (EG, CG) as a between-subject 
factor was conducted.

Psychological questionnaire scores were analysed us-
ing repeated-measures ANOVA with Time (PRE, POST) 
as the within-subject factor and Group (EG, CG) as the be-
tween-subject factor.

When significant main effects or interactions were ob-
served, post hoc pairwise comparisons were performed using 
the Bonferroni correction. Statistical significance was set at 
p<0.05. All statistical analyses were performed using Jamovi 
version 2.7.23.

Results
Descriptive values for SRT and CRT are presented in Ta-

ble 1. From PRE to POST, the EG showed reductions in SRT 
and CRT, especially on the L Stance-Side, while the CG re-
mained stable.

Time SRT (L)
(Mean ± SD)

SRT (R)
(Mean ± SD)

CRT (L)
(Mean ± SD)

CRT (R)
(Mean ± SD)

Experimental
Pre 419.8±86.9 412.3±50.6 568.8±114.16 588.7±119.9

Post 401.5±67.4 406.7±73.4 535.9±61.7 581.6±85.9

Control
Pre 432.9±39.2 421.2±50.6 551.5±64.4 531.2±67.9

Post 419.6±33.2 421.6±73.4 561.3±56.5 567.1±60.6

Table 1. Descriptive statistics (mean ± SD) of SRT and CRT for the L and R Stance-Side in the experimental 
and control groups at Pre and Post test

Note. Reaction time values are expressed in milliseconds (ms); SRT: Simple Reaction Time (only jab punches); CRT: 
Complex Reaction Time (jab and cross punches); L: Left; R: Right.

The results of the repeated-measures ANOVA, which are 
summarised in Table 4, show no significant main effects or 
interactions for SRT, as well as no significant main effects for 
Time or Stance-Side were found for CRT. However, a signifi-
cant Stance-Side x Group interaction emerged (p=0.015) with 
a post hoc test confirming differences between the R and L 
Stance-Side in the EG (mean difference=32.85ms, p=0.007).

A significant Time × Stance-Side interaction was also 
found (p=0.034). Post hoc comparisons did not maintain the 
differences, although a trend toward a difference between the 
L and R Stance-Side at Post test was observed (p=0.052). The 

Time × Group interaction approached statistical significance 
(p=0.068).

The results of ANOVA for LI revealed a significant main 
effect of Time (F(1,29)=4.94, p=0.034, mean difference=25.93 
ms), indicating greater lateralization at POST compared with 
PRE (Table 2). 

A significant main effect of Group was also observed 
(F(1,29)=6.70, p=0.015) with greater lateral asymmetry in the 
EG compared with the CG. The time × group interaction was 
not significant (p=0.994).

Variable Group Pre (Mean ± SD) Post (Mean ± SD)

SRT LI (ms)
Control −11.71±42.24 1.95±25.37

Experimental −7.54±37.45 5.17±45.43

CRT LI (ms)
Control −20.31±65.38 5.71±25.84

Experimental 19.93±44.64 45.78±59.71

Table 2. Descriptive statistics (mean ± SD) of LI (Left, Right) for SRT and CRT in the 
experimental and control groups at Pre and Post test

Note. Positive values indicate faster responses on the left, whereas negative values indicate faster responses on the right. 
LI = Lateralization Index; SRT = Simple Reaction Time; CRT = Complex Reaction Time.
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Minimal changes were observed between the PRE and 
POST test scores for RSES, GSE, and PSDC across both groups 

(Table 3). The EG showed a slight increase in GSE, while RSES 
and PSDC remained relatively stable.

Group Time RSES GSE PSDC

Experimental
Pre 32.3±3.5 33.8±5.6 21±2.4

Post 31.7±3.3 35.5±4.1 20.6±2.8

Control
Pre 30.6±3 27.2±10.2 20.9±2.6

Post 30.3±2.8 27.2±9.1 19.9±2.9

Table 3. Descriptive statistics (mean ± SD) of psychological questionnaire scores for 
the experimental and control groups at Pre and Post test

Note. RSES = Rosenberg Self-Esteem Scale; GSE = General Self-Efficacy Scale; PSDC = Perceived Self-Defence Confidence.

A repeated-measures ANOVA revealed no significant 
main effects or interactions for the RSES and PSDC question-
naires. For GSE, no significant effect for Time and for Time 

x Group interaction was found, while a significant main ef-
fect of Group was observed (p=0.002), indicating higher GSE 
scores in the EG compared to CG (mean difference =7.49).

Variable Effect F (df1, df2) p-value η²p
SRT No significant effects – all p>0.05

CRT
Stance-Side × Group 6.70 (1,29) 0.015 0.19
Time × Stance-Side 4.94 (1,29) 0.034 0.15

Time × Group 3.59 (1,29) 0.068 0.11

LI
Time 4.94 (1,29) 0.034 0.15
Group 6.70 (1,29) 0.015 0.19

RSES No significant effects – all p >0.05
PSDC No significant effects – all p>0.05
GSE Group 11.92 (1,29) 0.002 0.29

Table 4. Summary of repeated-measures ANOVA results for reaction time, 
laterality index, and psychological variables

Note. η²p = partial eta squared; SRT = Simple Reaction Time; CRT = Complex Reaction Time; LI = Lateralization Index; RSES = 
Rosenberg Self-Esteem Scale; GSE = General Self-Efficacy Scale; PSDC = Perceived Self-Defence Confidence. No significant 
main effects or interactions were observed for SRT, RSES, and PSDC (all p>0.05).

Session monitoring in the EG indicated mean RPE and 
ENJ of 4.34±2.57 and 6.45±0.95, respectively.

Discussion
This study aimed to investigate the interventions’ effects 

on reaction time performance and psychological variables, 
focusing on lateralization patterns. The main findings showed 
that although SRT did not change significantly, the interven-
tion led to side-specific adaptations in CRT performance. In 
contrast, psychological variables remained largely unchanged.

Simple reaction time 
Regarding SRT, no significant effects were found, indi-

cating that simple stimulus detection and motor initiation 
processes were not substantially affected by the intervention, 
which might be less sensitive to short-term training adapta-
tions in novices. However, descriptive data showed a slight re-
duction in SRT values in the EG, suggesting an improvement 
trend reflecting early-stage adaptations not yet pronounced in 

novices. This aligns with literature indicating limited SRT im-
provements after training, such as Çakmakçı et al. (2019) who 
noted significant changes only in the dominant hand after a 
longer training period. 

Complex reaction time and laterality
In contrast, CRT data revealed an asymmetrical adapta-

tion pattern over time. The EG showed greater asymmetry at 
POST, with faster reaction times on the L Stance-Side com-
pared to R (≈45.8 ms), whereas the CG showed nearly sym-
metrical values (≈5.8 ms), suggesting that training may have 
affected higher-level perceptual–decision processes rather 
than basic motor responses. Previous research indicates that 
reaction time in boxing is influenced by task specificity and 
movement characteristics, with faster responses registered in 
jab-like actions compared to more complex movements like 
crosses (Loturco et al., 2015; Yordanova et al., 2023). This aligns 
with our findings, showing higher reaction times in CRT, re-
flecting the cognitive load associated with decision-making 
tasks and suggesting a side-specific modulation. Although 
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our tests were conducted in both L (orthodox) and R (south-
paw) stances, most students were right-handed, potentially 
contributing to their higher scores on the front hand, which 
is more frequently used in quick, exploratory actions. This 
interpretation is further supported by the LI, which showed 
a significant increase over time, with higher overall values in 
EG compared to CG. Descriptive data revealed a marked shift 
in CRT asymmetry, with EG values rising to 45.8 ms at POST, 
indicating faster responses on the L Stance-Side. In contrast, 
the CG showed minimal changes (+5.7 ms), reflecting near-
ly symmetrical performances. Consistent with Yordanova et 
al. (2023), training experience amplifies differences between 
movement patterns, suggesting that short-term boxing train-
ing may induce task-specific and stance-dependent adapta-
tions rather than uniform bilateral improvements.

Psychological variables
Regarding psychological variables, no significant chang-

es in RSES or PSDC were observed at POST in either group, 
suggesting that the short-term boxing training program for 
EG may not induce measurable changes, which are typical-
ly influenced by longer-term experience. Similarly, no sig-
nificant PRE-POST effects were observed for GSE, although 
EG exhibited higher overall values, indicating pre-existing 
differences between groups rather than training-induced ad-
aptations. However, descriptive data showed a slight increase 
in self-efficacy in the EG, potentially reflecting early positive 
perceptions of skill acquisition and engagement in a new ac-
tivity. Research indicates that participation in combat sports 
can enhance psychological well-being, including self-esteem 
and self-efficacy (Ying & Yang, 2025), especially with struc-
tured training interventions (Ciaccioni et al., 2024). Thus, the 
limited psychological adaptations observed in this study may 
be attributed to the short intervention duration and partici-
pants' novice status.

The moderate RPE and high ENJ levels reported by the 
EG during the training sessions indicate that the program was 
well tolerated and positively received by participants. This is 
crucial for adherence, as research on modified boxing pro-
grams shows that enjoyment, perceived safety, and a support-
ive environment are key factors for long-term participation 
(Perkins & Hahn, 2019). Although our intervention lasted 
only 5 weeks, the positive perceptual responses may represent 
an important prerequisite for sustained engagement and the 
potential development of long-term psychological benefits.

Strengths and limitations
The focus on female university students who are novices 

to boxing represents an important contribution to the cur-
rent boxing literature, which has predominantly examined 
trained athletes and male participants. Moreover, the use of a 
structured non-contact boxing program enhances the practi-
cal applicability of the findings, as such interventions can be 
safely implemented in educational and recreational settings. 
In addition, the assessment of functional laterality through 
stance-specific reaction-time testing and the calculation of the 
lateralization index enabled a more detailed understanding of 

early perceptual–motor adaptations to boxing training. Final-
ly, the simultaneous assessment of perceptual–motor perfor-
mance and psychological variables provided a comprehensive 
perspective on the effects of short-term boxing training in 
novice participants.

Despite these strengths, the findings of this study are 
subject to the following limitations: a) the short five-week in-
tervention may not suffice for stable adaptations, particularly 
in RT and psychological variables; b) the sample was limited 
to female university students, which restricts generalizability 
to other populations; c) the small number of left-handed par-
ticipants limited analysis of lateral dominance.

Future research should prioritise longer interventions, 
larger and more diverse samples, increased representation 
of left-handed participants, and a broader multidimensional 
approach. Additionally, studies should explore lateral domi-
nance and investigate ecological-dynamic training approach-
es incorporating digital environments and eSports-based 
tasks to enhance perceptual-cognitive responsiveness and de-
cision-making (Ceruso et al., 2025). 

Conclusions
This study evaluated the effects of a 5-week boxing train-

ing program on visual-motor reaction time, functional later-
ality, and psychological variables in female students novice to 
boxing. The findings suggest that short-term training does 
not significantly affect SRT but may selectively affect percep-
tual-decision processes, as evidenced by lateralized adapta-
tions in CRT performance. Moreover, functional laterality in-
creased following the intervention, indicating the emergence 
of side-specific adaptations during the early stages of boxing 
practice. In contrast, psychological variables largely remained 
unchanged, with only a marginal increase in self-efficacy, 
indicating that longer interventions may be needed to elicit 
meaningful psychological adaptations.

Practical implications
Coaches and physical education instructors should in-

corporate training activities requiring stimulus discrimina-
tion, rapid decision-making, and sport-specific responses, 
rather than focusing exclusively on simple reaction drills. The 
observed changes in side-specific adaptations highlight the 
importance of monitoring these adaptations during the early 
stages of boxing practice and implementing bilateral training 
strategies to promote balanced motor development. Further-
more, the high enjoyment levels reported by participants sug-
gest that non-contact boxing may be an engaging and accessi-
ble activity for promoting participation in physical activity in 
educational and recreational settings.
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