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Abstract: Background: Effort accompanies humans in practically every sphere of life. It can be
divided into mental and physical effort. Physical effort is always initiated by some part of the mind,
which signals the body or its parts to move or hold weight in a stationary position, thereby
straining the muscles. The aim of this study was to evaluate the impact of effort specific to a given
group on reaction time in weightlifters, manual workers, and physically active students. Material
and Methods: The study involved 60 individuals divided into three groups: weightlifters (21.5+2.2
years), manual workers (21.8+1.6 years), and students (23.1+1.2 years). The S-10.2 reaction time
meter by Alfa-Electronics was used for the research, measuring simple and choice reaction times.
Results: In athletes, simple reaction time slightly worsened after effort (from an average of 0.2278 s
before effort to 0.2316 s after effort), while choice reaction time improved (from 0.3442 s before
effort to 0.3204 s after effort). Among workers, effort lengthened both simple reaction time (from
0.2279 s before effort to 0.2385 s after effort) and choice reaction time (from 0.3169 s before effort
to 0.3456 s after effort). However, for students, reaction times were unaffected by effort.
Conclusions: It can be concluded that effort influences reaction time, but the type, duration, and
level of training of the individuals are important. Effort associated with sports improved reaction
time among weightlifters, while effort related to physical labor in a production plant extended
reaction times. No correlation was observed between age and reaction time in the analyzed group.
Physical activity seems to reduce gender differences in reaction time.
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INTRODUCTION

Effort is a constant companion to humans and an indispensable element of
performed activities. It relates to both physical and mental work. Physical or muscular
effort can be defined as the work of skeletal muscles along with the associated energy
transformations within the body. Motor effort is always initiated by some area of the mind,
signaling the movement of the body or its parts, or maintaining weight in a stationary
position, thereby exhausting the muscles. With the ongoing development of technology
replacing human movements in work with machines, mental (cognitive) effort is
increasing. Mental effort involves processes that may not require human movement but
rather focus on monitoring and supervision (such as signaling machines) and assimilating,
memorizing, and making accurate decisions based on incoming information [1]. Effort
affects individuals differently, depending largely on personal predispositions and training
[2]. Performing effort leads to fatigue, a temporary and reversible state of reduced work
capacity occurring during physical or mental exertion. Fatigue decreases work efficiency
and extends the time needed to respond to external stimuli [3]. The measure that
evaluates the intake of information by a person is reaction time (RT), where a motor
response is accompanied by the presented stimulus. Reaction time is defined as the period
that elapses from the moment a signal appears to the moment a response is made to it [4].
The term "reaction time" was first introduced by Austrian physiologist Sigmund Exner in
1873, who described it as the time required to respond to a stimulus with a deliberate
reaction. RT comprises five components: initial receptor activation, the emission of
arousal in the central nervous system, signal transmission through the central nervous
system and motor impulse preparation, signal flow from the central nervous system to
muscles, and muscle excitation initiating movement [5,6]. RT serves as a good indicator of
sensory-motor coordination and human efficiency. RT’s duration in response to specific
situations significantly affects human life, with practical implications: a fast RT may yield
rewards (e.g., in sports), while a slow RT may lead to severe consequences (e.g., traffic
safety or workplace accidents) [5-9]. Different types of experiments measure reaction
time. Simple reaction time occurs when a single factor triggers a response [4,10]. The
varied length of RT may correlate with the training of specific senses [10]. Additionally, as
stimulus intensity increases, reaction speed rises, particularly in the initial phase, but
continuous intensification may have less impact. Background contrast also plays a crucial
role, for example, higher contrast in light stimuli can shorten RT [11]. Choice reaction time
involves reacting to more than one stimulus and providing different responses for each
stimulus [4,10]. As the number of choices increases, RT becomes longer. Moreover, RT
may change if the significance of signals and the likelihood of their occurrence are not the
same for all stimuli. Paying more attention to not all factors may lead to missing or
deliberately ignoring less significant signals, which can result in prolonged RT. Various
factors can influence RT, not only those related to the properties of the stimulus itself, but
also those related to the individual, such as fatigue or experience [12]. Studies have shown
that men generally have shorter RTs than women [13-15]. It has also been found, that the
average RTs decrease significantly from childhood to adolescence before gradually
increasing with age [13,16-18]. Furthermore, physically active individuals tend to have
shorter RTs than inactive individuals [5,6,19-21].

This study aimed to examine the impact of effort specific to different groups on RT
in weightlifters, manual workers, and physically active students. It also intended to
address the following questions:

1. Does effort have a different impact on RT across the analyzed groups, and does the
training level of the participants matter?

2. Is choice reaction time significantly longer than simple reaction time?

3. Does age influence RT in young adults?

4. Do RT gender differences exist among physically active young people?
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Answers to these questions will enhance our understanding of factors affecting RT
duration in young individuals, offering practical applications in sports and occupational

physiology.
MATERIAL AND METHODS

Study Group

The study included healthy individuals aged 18-26 years, not currently taking
medications or suffering from color vision disorders. Sixty participants were divided into
three groups of 20 each. The first group comprised weightlifters (average age 21.5%2.2
years, 6 women, 14 men) with at least two years of training experience. Testing occurred
during weightlifting competitions. The second group included manual workers from an
automotive parts manufacturing plant (average age 21.8+1.6 years, 6 women, 14 men),
working eight-hour shifts. The third group consisted of physical education students
(average age 23.1+1.2 years, 7 women, 13 men) participating in academic sessions lasting
135 minutes.

Characteristics of the effort performed in the respective groups

A group of athletes - the competitors took part in the Olympic biathlon, which
includes the snatch and clean and jerk. The snatch involved lifting the barbell overhead in
one continuous motion. The clean and jerk had two phases: moving the barbell to the
shoulders and then overhead. Each weightlifter had three attempts at both the snatch and
the clean and jerk. Each attempt was preceded by a two-minute rest. This sport is
dominated by anaerobic exercise and is highly intense.

A group of workers - manual work lasted 8 hours with a single 30-minute break
after four hours of work. The task of the employees included in the study was to select and
pack components from the automotive industry. Each time, the employee inspected one
part, mainly for surface defects and deformations. This work is characterized by high
monotony. Both physical effort (moving boxes with components) and mental effort
(constant visual assessment of the inspected parts) can be observed in this job.

A group of students - the students attended and, as far as possible, actively
participated in 135-minute-long academic sessions without a break. During the classes,
the students remained in a seated position. The effort of this group was exclusively mental.

Equipment
The study was conducted using the S-10.2 reaction time meter (Alfa-Electronics,
Poland). The device consists of a central unit, a signaling device, and buttons for recording
reactions. It allows for RT measurements to be taken according to a predefined program.

Study protocol

Simple reaction time test: the participant was instructed to respond as quickly as
possible by pressing a button when a light stimulus appeared on the meter's signal emitter.
The test was conducted without any misleading signals. During this trial, 30 light signals
were presented at varying frequencies.

Choice reaction time test: the participant was instructed to press a button held in
the right hand when a green light appeared on the signal emitter and to press a button
held in the left hand when a yellow light appeared. Additionally, a red light served as a
misleading factor, requiring no response from the participant. A total of 30 stimuli
appeared, displayed at varying frequencies.

The tests for each group were conducted in their respective work environments
under natural daylight conditions. For each participant, reaction time measurements were
taken twice on the same day - the first time before effort and the second time after effort:
in the group of athletes measurements were taken immediately before the competition
and directly after completing the effort associated with participating in the competition; in
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the group of workers measurements were taken before starting their work shift and
directly after completing their shift; in the group of students measurements were taken
before the start of classes and after 135 minutes of lessons. The participants remained
seated throughout the test, and the signal emitter was placed on a desk in front of them,
ensuring it was well within their field of vision. Each participant first completed the simple
reaction time test, followed by the choice reaction time test.

Statistical analysis

A statistical analysis of the obtained measurement results was conducted. The
normality of the data was assessed using the Shapiro-Wilk test. The homogeneity of
variances was verified using the Levene test. For further analysis, a paired t-test was used
for related variables, and ANOVA was applied for unrelated variables. Correlations were
evaluated using Pearson's coefficient. A p-value of < 0.05 was considered statistically
significant. All statistical analyses were performed using STATISTICA 13.0 software
(StatSoft, Poland).

RESULTS

Figure 1 illustrates the results of simple reaction times before and after exertion in
the studied groups. The results obtained by athletes, manual workers, and students before
exertion did not differ significantly in statistical terms (F=0.58; p=0.563). The differences
in mean values between the groups were on the order of thousandths of a second.
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Figure 1. Simple reaction times in the studied groups before and after exertion.

Table 1. Mean simple and choice reaction times in the studied groups before and after exertion.

Relation t Group
Reaction clation to Athletes Workers Students
effort = - ;
time [s] t p time [s] t p time [s] t p
. before 0.2278 0.2279 « 1 0.2220
simple after 02316 -1.97 | 0.064 0.2385 -2.83 | 0.011 0.2240 -0.61 | 0.547
. before 0.3442 « | 0.3169 «| 0.3343
choice after 03204 2.98 | 0.007 03456 -4.56 [<0.001 0.3340 0.04 | 0.966

t: results of paired t-test; p: significance level; * statistically significant.
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After exertion, an increase in reaction time was observed in all groups (Table 1),
with the most pronounced deterioration occurring in the worker group, and this
difference was statistically significant. In the other two groups, the changes were not
statistically significant. When analyzing the differences in simple reaction times between
groups after exertion, a statistically significant difference was found only between the
worker and student groups (F=6.12; p =0.017).

Figure 2 illustrates the results of choice reaction times before and after exertion in
the studied groups. Similarly to the simple reaction time, the choice reaction time also did
not differ significantly between the studied groups prior to exertion (F=2.41; p=0.099).
Post-exertion, a statistically significant shortening of choice reaction time was observed in
athletes, while a statistically significant prolongation was noted in the worker group. In
contrast, the reaction time in the student group changed only minimally, without
statistical significance (Table 1). When analyzing the differences in choice reaction times
between groups after exertion, a statistically significant difference was found only
between the athlete and worker groups (F=4.39; p=0.043).

In all studied groups, the choice reaction time was significantly longer compared to
the simple reaction time, both before and after exertion (Table 2).

No statistically significant correlation was found between the age of the
participants and either simple or choice reaction time in any of the studied groups, both
for times before and after exertion.
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Figure 2. Choice reaction time in the studied groups before and after exertion.

Table 2. Comparison of simple and choice reaction times in the studied groups.

Relation to effort _Sta'_ci.stical Group
significance Athletes Workers Students
before t -10.799 -11.426 -14.030
p <0.001* <0.001* <0.001*
t -12.293 -12.040 -21.400
p <0.001* <0.001* <0.001*

t: results of paired t-test; p: significance level; * statistically significant.
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Differences in reaction times depending on gender were also analyzed. A
statistically significant difference was found only in the case of simple reaction times
among students before exertion (women: 0.2111 s; men: 0.2279 s; F=4.56; p=0.047) and
choice reaction times among workers before exertion (women: 0.3483 s; men: 0.3034 s;
F=8.00; p=0.011), while in all other cases, the differences were not statistically significant.

DISCUSSION

This study examined how simple and choice reaction times change in different
groups of individuals performing distinct types of physical effort. The study included
athletes training in weightlifting, manual workers, and students. In the simple reaction test,
the participant was required to respond as quickly as possible to a stimulus. In the choice
reaction test, two stimuli were presented, requiring different responses, which
significantly prolonged the reaction times. Our study found that the reaction times for the
choice reaction test were significantly longer compared to those for the simple reaction
test in all examined groups. In the case of the choice reaction, additional time is needed for
signal analysis and decision-making. The results of the study showed that effort does not
impact each group in the same way.

In our study, physical effort had the most positive effect on the athlete group.
Although they achieved slightly worse results in the simple reaction test after exertion,
their performance in the choice reaction time test significantly improved. Exercise
increases the levels of brain neurotransmitters such as catecholamines, serotonin, and
dopamine [22], which in turn affects the activation of the nervous system and thus
reaction times [23]. Previous studies on the effects of muscle fatigue on RT have led to
diverse conclusions. For instance, it has been shown that low-intensity exercise may
shorten RT, as observed in cycling [19,20] or running [6,21], likely due to increased
attention. However, once a certain duration or intensity of exercise is surpassed, RT tends
to lengthen, which may be due to a decrease in cognitive performance [24]. In contrast, a
study by Le Mansec et al. found that muscle effort involving repeated biceps contractions
did not significantly alter simple RT [3].

The literature contains reports that individuals who engage in sports have faster
RT compared to those leading a less active lifestyle [25-28]. This may be due to the need to
make quick decisions in repetitive sports situations [10,29], which results in shorter
processing times in the central nervous system over time [30], better concentration and
alertness, improved muscle coordination, and ultimately better performance in tasks
requiring speed and accuracy [31]. In our study, we did not find significant differences
between athletes and the other groups in reaction times measured before exertion. This
may be due to the fact that the other two groups also exhibited some physical activity: the
workers due to their job and the students due to the nature of their studies. Only physical
effort led to a difference in reaction times between athletes, who represented the most
trained group, and the workers, who were the least trained group in this study.

The workers were the only group in this study in which both simple and choice
reaction times significantly worsened. Although the physical effort performed by this
group was not very intense, the long duration of work, along with the need for constant
concentration when checking individual components for defects, could have contributed
to general physical fatigue over the course of an 8-hour workday. Additionally, the
monotonous nature of the work could have caused significant emotional distress.
Monotony leads to a decrease in attention, resulting in reduced work efficiency, increased
errors, and longer reaction times. Mental fatigue is a factor that contributes to longer
reaction times [12,32], affecting attention and, thus, the processing of stimulus
information and the initiation of motor responses [3].

The next group studied consisted of students participating in classes. In this group,
the intellectual effort associated with attending university classes essentially did not affect
either simple or choice reaction times. Their exertion was primarily mental, involving
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listening, focusing, and answering or asking questions, without physical fatigue. The effort
in this group was primarily mental and was mainly based on focusing, listening to the
lecturer, responding to their questions, or asking questions. This group did not exhibit
physical fatigue, and their emotional state appeared to be similar both before and after the
effort. Previously, Le Mansec et al. demonstrated that a 14-minute intense mental effort
involving solving mathematical tasks did not significantly change reaction time [3]. In our
study, mental exertion was less intense but longer in duration (135 minutes).

An important factor influencing RT is the age of the participant. RT is longer in
childhood, then shortens during adolescence until the late 20s, after which it increases
again in older age [17]. In this study, no correlation was found between age and either
simple or choice reaction time. This is likely because the study participants were young
adults within a narrow age range, preventing the age effect from manifesting in reaction
times.

There are studies suggesting that RT is shorter in men compared to women (e.g., in
sedentary medical students [5]). Gender differences have been explained by the delay
between stimulus presentation and the onset of muscle contraction, with motor responses
in men being relatively stronger than in women [5,33]. In our study, such a relationship
was observed only in the case of the choice reaction time before the effort in the group of
employees. However, in the case of simple reaction time before the effort in the student
group, the opposite was found, with women showing shorter reaction times. For all other
reaction times measured, no gender differences were observed. Similarly, Zak et al. [34]
found no difference in RT between genders in young cyclist athletes, and Jain et al. found
no differences in RT between genders among regularly trained first-year medical students
[5]. It seems, therefore, that a high level of physical activity may diminish gender
differences in RT.

CONCLUSION

Based on the conducted research, the following conclusions were drawn:

1. Exertion affects reaction times, with its impact depending on the type of exertion, its
duration, and the fitness level of the participants. Beneficial effects were observed in
weightlifting athletes, whose choice reaction times improved post-exertion. Conversely,
prolonged physical and mental exertion led to longer reaction times among manual
labor workers. In contrast, intellectual exertion in physically active students did not
significantly affect their reaction time.

2. The hypothesis was confirmed that choice reaction times are significantly longer
compared to simple reaction times in all the studied groups.

3. No correlation was found between age and RT in the young adult group analyzed.

4. Physical activity appears to mitigate gender differences in RT.
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