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ABSTRACT

This study aimed to evaluate the effects of hand dominance and gender on auditory reaction times under blindfolded and randomized
conditions, while also examining bilateral motor coordination through simultaneous response evaluation. Twenty-eight healthy participants
(16 female, 12 male) completed auditory reaction time tasks under three conditions: dominant hand, non-dominant hand, and simultaneous
bilateral responses. Each condition was repeated 10 times. Mean and standard deviation (SD) values were calculated from all trials. Paired
and independent t-tests were used for statistical comparison. The dominant hand produced significantly faster responses than the non-
dominant hand (p = 0.022) and also exhibited lower intra-individual variability (p = 0.030), indicating higher consistency. Gender had no
significant effect on reaction time (p = 0.249). Interestingly, in the simultaneous condition, the mean difference in reaction time between
hands was —1.44 milliseconds, with the non-dominant hand often responding faster—a result that challenges conventional assumptions about
motor asymmetry. Auditory reaction time is influenced by hand dominance in both speed and consistency. The surprising dominance of the
non-dominant hand during simultaneous responses raises important questions about interhemispheric coordination and sensorimotor
integration and warrants further neurophysiological investigation.
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Gézlerin Kapal Kosullarda fsitsel Reaksiyon Siiresi ve E1 Dominansi: Cinsiyet Temelli Bir Degerlendirme

OZET

Bu calisma, gozler kapali ve rastgelelestirilmis kosullarda el baskiligi (dominantlik) ve cinsiyetin isitsel reaksiyon siiresi tizerindeki
etkilerini degerlendirmeyi; ayrica es zamanli yanit dlgiimleri yoluyla bilateral motor koordinasyonu incelemeyi amaglamaktadir. Calismaya
28 saglikli goniillii (16 kadm, 12 erkek) katilmistir. Katilimcilar, baskin el, baskin olmayan el ve es zamanl ¢ift el yaniti olmak iizere ii¢
farkli kosulda isitsel reaksiyon siiresi gérevini tamamlamistir. Her kosul 10 tekrar halinde uygulanmistir. Tiim tekrarlar izerinden ortalama
ve standart sapma (SS) degerleri hesaplanmustir. Istatistiksel karsilagtirmalar igin eslestirilmis ve bagimsiz Srneklemler t-testleri
uygulanmustir. Baskin el, baskin olmayan ele kiyasla anlamli diizeyde daha hizli tepki vermistir (p = 0,022) ve daha diisiik birey igi
degiskenlik gostermistir (p = 0,030), bu da daha tutarli bir yanit profiline isaret etmektedir. Cinsiyetin reaksiyon siiresi lizerinde anlamlt bir
etkisi saptanmamistir (p = 0,249). Es zamanli kosulda ise el reaksiyon siireleri arasindaki ortalama fark —1,44 milisaniye olarak bulunmustur;
bu durum, baskin olmayan elin daha hizli yanit verdigi orneklerin ¢ogunlukta oldugunu gostermektedir ve motor asimetriye iliskin
geleneksel varsayimlara meydan okuyan bir bulgu olarak dikkat gekmektedir. Isitsel reaksiyon siiresi, hem hiz hem de tutarlilik agisindan el
baskinligindan etkilenmektedir. Es zamanli yanit kosullarinda baskin olmayan elin beklenmedik performans istiinligi, interhemisferik
koordinasyon ve duyu-motor entegrasyon mekanizmalar1 hakkinda yeni sorular dogurmakta ve daha ileri nérofizyolojik arastirmalari gerekli
kilmaktadir.

Anahtar Kelimeler: isitsel Reaksiyon Siiresi. El Baskinhg. Motor Asimetri. Duyu-Motor Entegrasyonu. Es Zamanh Yamt.
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Hand dominance significantly influences ART*®.
Dominant limbs typically exhibit faster and more
consistent responses due to more refined motor
control and greater cortical representation’. This
asymmetry is attributed to the lateralization of motor
functions in the brain, where the dominant hemisphere
exerts more precise control over the preferred hand®.

Gender differences in ART have also been
documented, though findings are controversial. Some
studies report males could have faster ARTS,
potentially due to differences in muscle mass and
neural conduction velocity, but findings do not
support these predictions’. Conversely, other research
indicates negligible differences between genders,
suggesting that factors such as task complexity and
stimulus modality may mediate these effects.

Simultaneous bilateral tasks introduce additional
complexity, engaging interlimb coordination and
revealing asymmetries in motor control. Research
indicates that during such tasks, the dominant limb
often leads, while the non-dominant limb follows,
highlighting a hierarchical organization in bimanual
movements'’. This phenomenon underscores the
importance of understanding interlimb dynamics,
particularly  in  contexts  requiring  precise
coordination''. Despite extensive research on ART,
gaps remain in the understanding of how hand
dominance and gender interact to influence auditory
RTs (Reaction Time), especially under conditions that
mimic real-world scenarios, such as blindfolded tasks
requiring simultaneous bilateral responses. Existing
studies often focus on visual stimuli or unimanual
tasks, leaving a paucity of data on auditory RTs in
bimanual contexts.

To address this gap, the present study investigates the
effects of hand dominance and gender on auditory
RTs under blindfolded conditions, incorporating
simultaneous bilateral response tasks. By analyzing
RTs across dominant, non-dominant, and
simultaneous conditions, this research aims to
elucidate the interplay between lateralization, gender,
and sensorimotor integration. The findings are
expected to contribute to a more comprehensive
understanding of motor asymmetry and inform the
development of training protocols and rehabilitation
strategies that account for individual differences in
hand dominance and gender.

Material and Method

Participants

This study was granted ethical approval by Bursa
Uludag University Faculty of Medicine Clinical
Research Ethics Committee (approval no: 2025-4-10).
28 healthy volunteers (16 females and 12 males) aged
between 18 and 40 yearsparticipated voluntarily.
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Participants were recruited through announcements
made in student organizations and clinical units of
Bursa Uludag University Faculty of Medicine, as well
as via online platforms. All participants provided
written informed consent prior to inclusion. Eligibility
criteria required individuals to be free from hearing
loss or neurological/motor disorders that could affect
auditory processing or motor performance. Those with
uncorrected visual impairments, psychiatric or
neurological conditions, or under psychoactive
medication were excluded from the study. Handedness
was determined using the Edinburgh Handedness
Inventorys’lz.

Design and Procedure

The study was conducted at the Biophysics
Laboratory of the Department of Biophysics, Faculty
of Medicine, Bursa Uludag University. The design
was a cross-sectional experimental protocol approved
by the institutional ethics committee. Each participant
underwent ART testing under blindfolded conditions
to eliminate visual cues. Auditory stimuli (1000 Hz
tones) were delivered via headphones in a sound-
attenuated room, while participants were seated alone
to minimize distractions.

The experiment comprised three conditions:

1. Dominant hand reaction time
2. Non-dominant hand reaction time
3. Simultaneous bilateral response condition

Each participant was exposed to 10 randomized
auditory stimuli in each condition. In each trial, the
auditory stimulus was presented after a randomized
delay (between 1-3 seconds). Participants were
instructed to press a predefined response button as
quickly as possible upon hearing the sound using the
specified hand. For the simultaneous condition, both
hands were required to respond at once, and the
difference in reaction times between the two hands
was recorded.

Reaction times were recorded in milliseconds using a
custom-built response box interfaced with a digital
timing system. For the dominant and non-dominant
hand conditions, the average and standard deviation
were calculated across all 10 trials. For simultaneous
responses, the latency difference between hands
(Dominant — Non-Dominant) was used as the primary
measure.

Data Analysis

Data were analyzed in RStudio (version
2024.04.2+764, R version 4.4.1) using the stats and
car packages. Paired-sample t-tests were used to
compare reaction times between the dominant and
non-dominant hands. Independent t-tests were used to
assess gender effects. Intra-individual variability was
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examined via standard deviation comparisons. The
latency differences in the simultaneous condition were
evaluated using descriptive statistics. The significance
threshold was set at p < 0.05.

Results

The results of this study were analyzed across three
primary conditions: dominant hand responses, non-
dominant hand responses, and simultaneous bilateral
responses. Reaction time (RT) values were averaged
over 10 trials per condition for each participant, and
intra-individual variability was quantified using
standard deviation (SD). Statistical analyses assessed
the effect of hand dominance, gender, and within-
subject variability on auditory RT.

Dominant vs. Non-Dominant Hand Reaction Time

As shown in Figure 1, auditory RTs recorded from the
dominant hand were significantly faster than those
from the non-dominant hand. The mean RT for the
dominant hand was 0.188 + 0.021 seconds, while the
non-dominant hand yielded a mean of 0.198 + 0.027
seconds. A paired-sample t-test confirmed the
significance of this difference (p = 0.022), thereby
suggesting a clear advantage associated with hand
dominance.

Reaction Time by Hand (10-Trial Average)
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Figure 1:

Boxplot of auditory reaction times by hand (10-trial
average). Mean reaction times recorded from the
dominant and non-dominant hands are compared.

Dominant hands showed significantly faster responses
(p = 0.022). The box shows the interquartile range

(IQR), the line indicates the median, whiskers extend

to 1.5 x IQR, and individual outliers are marked.

Gender-Based Comparison of Reaction Time

When separated by gender, female participants tended
to exhibit slightly faster RTs compared to male

participants in both hand conditions, although the
differences were not statistically significant. Figure 2
illustrates the distribution of RTs by gender and hand.
In the dominant hand condition, the mean RTs for
females and males were 0.184 s and 0.192 s,
respectively. An independent-sample t-test revealed
no significant gender effect in the dominant condition
(p = 0.249), and a similar trend was observed for the
non-dominant hand. These results indicate that while
gender may influence auditory motor response trends,
it was not a significant factor in this sample.
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Figure 2:

Auditory reaction times by hand and gender. Reaction
time distribution is shown separately for male and
female participants across dominant and non-
dominant hands. While females showed slightly faster
average responses in the dominant hand, no
statistically significant gender difference was
observed (p = 0.249). Outliers are shown as dots.

Intra-individual Variability Across Hands

To assess the consistency of responses, the standard
deviation of RTs across the 10 trials was compared
between hands. Figure 3 demonstrates that the
dominant hand exhibited lower intra-individual
variability (mean SD = 0.059 s) compared to the non-
dominant hand (mean SD = 0.064 s). A paired-sample
t-test showed this difference to be statistically
significant (p = 0.030), indicating that the dominant
hand not only responds faster but also more reliably.

Simultaneous Bilateral Response Differences

The latency difference between hands in the
simultaneous response condition was calculated by
subtracting non-dominant hand RTs from dominant
hand RTs (Dominant — Non-Dominant). As shown in
Figure 4, the distribution of these differences was
centered slightly below zero, with a mean value of
—1.44 milliseconds and a standard deviation of 8.79
ms. Although no inferential test was applied due to the
directional nature of the metric, the data suggest a
slight tendency for the non-dominant hand to respond
faster in simultaneous conditions—an unexpected
finding that may reflect complex interhemispheric
dynamics or compensatory mechanisms in bimanual
tasks.
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Intra-individual Variability by Hand (Standard Deviation)
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Figure 3:

Intra-individual variability in auditory reaction times
(standard deviation) by hand. Standard deviations
(SD) across 10 trials are plotted for each participant
by hand. Dominant hands exhibited significantly
lower variability than non-dominant hands (p =
0.030), indicating more consistent performance.
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Figure 4:

Histogram of latency differences in simultaneous
bilateral responses (Dominant — Non-Dominant). The
histogram displays the difference in reaction times
between hands for simultaneous responses. Negative
values indicate faster responses from the non-
dominant hand. The mean latency difference was
—1.44 milliseconds, with several participants
responding more quickly with their non-dominant
hand. The dashed line represents zero difference.

Discussion and Conclusion

This study investigated the influence of hand
dominance and gender on auditory reaction times
(ART) under blindfolded conditions, incorporating
simultaneous bilateral response tasks to assess motor
coordination. The findings revealed that dominant
hands exhibited significantly faster and more
consistent responses compared to mnon-dominant
hands, aligning with existing literature that attributes
superior motor performance to the dominant limb due
to enhanced cortical representation and refined motor
control**. The lack of significant gender differences in
ART suggests that, under the specific conditions of
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this study, gender may not be a determining factor in
auditory-motor  processing speed, corroborating
findings from previous research indicating minimal
gender effects on simple reaction tasks'"?.

The unexpected observation that the non-dominant
hand often responded faster during simultaneous
bilateral tasks challenges traditional notions of motor
asymmetry. This phenomenon may be explained by
the concept of interhemispheric inhibition, where the
dominant hemisphere exerts inhibitory control over
the non-dominant hemisphere during unilateral tasks,
but such inhibition may be reduced during bilateral
movements, allowing the non-dominant hand to
respond more swiftly'®. Additionally, the central
nervous  system's  strategy  for  integrating
proprioceptive information from both limbs during
bimanual tasks may favor the limb with superior
sensory acuity, potentially leading to the observed
performance of the non-dominant hand in certain
contexts'”.

These findings underscore the complexity of
sensorimotor integration during bilateral tasks and
suggest that hand dominance may not uniformly
predict performance across different motor activities.
The results have implications for the design of
rehabilitation programs and athletic training, where
understanding the nuanced interplay between limb
dominance and motor coordination can inform more
effective interventions. Future research should explore
the neural mechanisms underlying these observations,
potentially utilizing neuroimaging techniques to
elucidate the cortical dynamics involved in bilateral
motor tasks.

This study provides compelling evidence that hand
dominance significantly influences auditory reaction
times (ART), both in terms of response speed and
intra-individual consistency, under blindfolded and
randomized testing conditions. Participants
demonstrated faster and more stable responses with
their dominant hand, a finding that supports
longstanding theories of lateralized motor control and
cortical efficiency in the dominant hemisphere®”.
While no significant gender effect was observed,
subtle trends suggest that sex-based factors may still
modulate motor performance under specific conditions
and merit further exploration.

Unexpectedly, the simultaneous bilateral condition
revealed a mean latency difference favoring the non-
dominant hand. This contradicts conventional
assumptions regarding dominant limb superiority and
aligns with emerging research on interhemispheric
inhibition'* and task-specific sensorimotor
integration'’. These findings highlight the context-
dependent nature of motor asymmetry, particularly in
tasks involving bilateral coordination.

Taken together, the results underscore the importance
of considering task dynamics and interlimb
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interactions when assessing motor performance.
Future research should delve deeper into the
neurophysiological underpinnings of such

asymmetries, possibly integrating neuroimaging or
electrophysiological approaches to examine real-time
interhemispheric dynamics during auditory-motor
tasks. Additionally, the observed patterns hold
translational value for clinical assessment protocols
and training designs in sports and neurorchabilitation,
where individualized strategies based on hand
dominance and bilateral coordination could optimize
outcomes.
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