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Abstract: Police officers occasionally encounter belligerents resisting or even physically assaulting
them without or with objects. The self-defense or legal utilization of use of force to disable the
offender from harming an officer or others may depend on a single movement speed of hands and
legs. This study investigated the effects of task complexity on a single movement response time of
the upper and lower limbs in police officers. The sample consisted of 32 male police officers aged
between 23 and 50 years. They performed a single movement as fast as possible with their upper and
lower limb in three incrementally more complex tasks. In the first task, participants acted on a light
signal and with their dominant limb they had to turn off the signal as fast as possible. In the second
task, on the light signal, participants could turn off the light with free choice of the upper limb in
a hand task or lower limb in a leg task. In the third task, participants had to turn the light off with
the right limb if the light turned red and with the left limb if the light turned blue. The BlazePod
device was used to assess the movement response time. The results show that there was a significant
effect of task complexity on the single movement response time of the hand (F = 24.5, p < 0.001) and
leg (F = 46.2, p < 0.001). The training of police officers should utilize specific and situational tasks
to improve movement response time by improving the redundancy in decision-making processes
during work-specific tasks of different complexity.

Keywords: reaction speed; occupational performance; law enforcement officers

1. Introduction

Speed is an essential component of physical fitness that helps an individual to perform
well in a large number of sports [1]. In martial arts and police occupation, successful task
performance largely depends on the fast and dynamic movement of an individual (e.g.,
kick, block, catch-and-grip, discharge weapon) [2,3]. The ability to reach maximum reaction
time or movement speed based on cognitive processes, maximum effort, and functionality
of the neuro-muscular system is defined as rapidity or speed [1]. Considering this, speed
is a multidimensional motor ability, which manifests through three basic forms: reaction
time (i.e., the ability to react to a given stimulus as fast as possible), single movement
speed (i.e., the ability to reach a maximum speed of movement without resistance), and
speed endurance (i.e., the ability to repeatedly produce a high speed of movement with a
minimum resting period between individual repetitions) [4].

An athlete’s or police officer’s ability to quickly and accurately perceive relevant infor-
mation facilitates decision making and allows more time for preparation and organization
of motor behavior [5]. Previous studies of neurons reveal that there is both anatomical
and physiological evidence for hierarchical information processing in the visual system.
Neurons at lower levels of the visual pathway are highly specialized for simple attributes.
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Neurons in higher anatomical visual areas, however, generalize over these stimulus vari-
ables and are sensitive to increasingly more complex aspects of the stimuli [6]. Whether
the subject is asked to make a simple or a complex response [7] differences in reaction time
between these types of stimuli will persist.

Successful performance of certain critical tasks in police officers depends on the speed
of reaction and the way how fast they perform the movement to respond to visual stimuli
(i.e., movement response time) [3]. Some of the tasks, such as controlling a suspect, using
physical force and means of coercion, handcuffing, and speed of firearms use, are also
part of the high-risk tasks that officers perform [8]. Their effectiveness depends on the
movement response time to previously known and unknown visual signals (i.e., the time
needed from the visual signal or information to act until the end of the movement) [9]. All
these tasks can be less or more complex, which could be further reflected in the speed and
efficiency of the task performance. For example, a police officer could be in a situation to
confront one or more offenders in which he or she must effectively and accurately act or
react to offenders’ actions. Considering that the movement planning and control may be
viewed as decision making, the time to embody the decision is likely to be influenced by
the complexity of offenders’ actions [10–12].

Because of all of this, the specific physical preparation of police officers should
include those activities that provide the prerequisites for effective action in given
situations [3,13,14]. Thus, ability-based training should be used in the physical preparation
of police officers [15–17]. However, testing and training the reaction time and movement
speed require certain equipment and logistical conditions that police agencies often do not
have [18]. With the development of modern technology more attention is put on improving
the conditions for testing the speed of reaction, single movement response time as well as
on neuromuscular abilities of athletes and employees in certain sectors. Therefore, the main
goal of this study was to identify the effects of task and signal complexity on the single
movement response time of upper and lower limbs of police officers. It was hypothesized
that the movement response time of hands and legs would increase with an increase in
task complexity.

2. Materials and Methods
2.1. Study Design

For this study, the response time of hands and legs was assessed in three tasks that
differed by complexity. To assess the hand response time in the simplest task, participants
were instructed when the light signal turns on to turn it off as fast as possible by tapping
the light sensor with the dominant hand. The same protocol was followed for the leg
response time in the simplest task, but the light sensor was positioned between the legs,
and participants used their legs to turn off the light signal (see Appendix A). The second
task by complexity started the same as the simplest, but participants were allowed to turn
off the light with free choice of their hand in a hand movement task and their leg in a leg
movement task (see Appendix B). The most complex task included two light signals, blue
and red. Participants were instructed to use their right hand to turn the light off if it turns
blue and to use their left hand to turn it off if the light turns red (see Appendix C). The same
instruction was followed for the leg movement response times (see Appendices A–C). Prior
to commencing the test, participants performed three familiarization trials. Participants
were tested one by one. All tests were completed on the same day, whereby participants
performed the hand tasks first. The order of tests was from the simplest to the most
complex. Since we did not use a standardized test, each test was performed six times, and
the best trial was used for the analysis. This way we further minimized the possibility of
the learning effect. The results were recorded in milliseconds (ms).

These tests were used because they represent simple movements relatable to those
occurring during police tasks. For instance, an officer could be required to reach for
their teaser, baton, or weapon. Moreover, during a physical conflict, a quick block of the
opponent’s strike may need to be performed. These movements are typically performed
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after an officer receives visual information and decides to act or react. Based on the
complexity of the situation, the time to reach the movement’s terminal position may change.
Although tests that mimic certain tasks could be a better choice, their standardization
requires a long process. The tasks we used have defined trajectories, do not require
coordination, and are easy to use across participants with different training histories.
Furthermore, the complexity levels mimic the possible scenarios of a police job. For
instance, an officer could have a piece of equipment in the non-dominant hand, and he/she
would need to act as quickly as possible with the dominant hand or an officer could be in a
position to choose which hand or leg he/she will use to act/react to the offender’s actions.
In addition, an officer could be in a position to reach for the specific piece of equipment with
the left or right hand or move the left or right leg based on the specific visual information
he/she receives during the task.

2.2. Participants

The convenience sample consisted of 32 healthy male police officers aged
33.5 ± 5.5 years (range 23 to 50). The mean body height was 174.6 ± 6.3 cm (range
164 to 188 cm) and the mean body weight was 75.1 ± 6.3 kg (range 54 to 99 kg). All
participants had passed a medical examination prior to testing, and they did not have any
cardiovascular or neurological condition. They also had passed a physical fitness assess-
ment at the 70th percentile of annual fitness standards and had a normal color vision and
none reported difficulty seeing the visual stimuli. The purpose of the study was explained
to all participants. All participants signed written informed consent. The study was carried
out in accordance with the conditions of the Declaration of Helsinki and with the approval
of the Ethics Committee of the Faculty of Sport and Physical Education, University of
Belgrade (number 484-2).

2.3. Hand and Leg Movement Speed

Hand and leg movement response times were recorded using the BlazePod system
(Play Coyotta Ltd., Tel Aviv, Israel). BlazePod is a system based on a wireless lighting system
consisting of eight LEDs and a central PDA controller. Light signals could be either turned
on or switched off by a participant or tester depending on the task. We used an interplay of
the light and the task to manipulate the task complex. The BlazePod system assessed the
movement speed of participants’ hands and legs in three incrementally complex tasks. The
reliability and validity of the BlazePod system were determined elsewhere [19,20].

Participants started the hand movement response time tests sitting in the chair, with
both their hands on the table 40 cm apart, palms facing down, and elbows at 90◦. The
BlazePod was located in the middle, 20 cm far apart from each hand. When the pod turned
the light on, the participants were required to turn the light off as quickly as possible by
touching the pod. Turning the light on was randomized so participants could not act in
an expected manner but rather had to process the information and act accordingly each
time the light turned on. Leg movement response time tests participants completed from
the same starting position, with their feet positioned on the floor parallelly to each other,
40 cm apart with the knee angle at about 90◦. The BlazePod was positioned halfway
between participants’ feet. Turning the light signal on and off was performed the same way
as with hands.

2.4. Variables
2.4.1. Hand Movement Response Times

1. Dominant hand—hand movement response time on the light signal, expressed in ms;
2. Free choice—hand movement response time on the light signal with free choice of

either dominant or non-dominant hand, expressed in ms;
3. Light signal—hand movement response time on the specific light signal. With right

hand if the signal turns red and with left hand if signal turns blue, expressed in ms.
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2.4.2. Leg Movement Response Time

1. Dominant leg—leg movement response time on the light signal, expressed in ms;
2. Free choice—leg movement response time on the light signal with free choice of either

dominant or non-dominant hand, expressed in ms;
3. Light signal—leg movement response time on the specific light signal. With right leg

if the signal turns red and with left leg if the signal turns blue, expressed in ms.

2.5. Statistical Analysis

Statistical analyses were performed in JASP version 0.16.1 (University of Amsterdam,
Amsterdam, The Netherlands). Descriptive statistics for mean, standard deviation, mini-
mum, and maximum were calculated for central tendency and data dispersion. Shapiro–
Wilk test was used to test the normality of data dispersion and it showed that there was no
significant (p = 0.062–0.756) deviation from the normal distribution in all analyzed variables
of movement response time. Repeated measure ANOVA was used to investigate the effects
of task complexity on the single movement response time of hands and legs. The Bonferroni
post hoc analysis was used for the pairwise comparison. The significance level was set at
p < 0.05. Cohen’s effect size (d) calculation was used to determine the magnitude of effects
of task complexity on movement response time and it was defined as follows: d < 0.2
(trivial or no effect), d = 0.2–0.5 (small), d = 0.5–0.8 (moderate), d = 0.8–1.3 (large), and
d >1.3 (very large) [21].

3. Results

From the descriptive statistics (Table 1), it could be observed that the mean movement
response time of the dominant hand was shorter than the mean movement response time
when participants had a free choice of hand or when they acted on a specific light signal.
The same trend could also be observed in leg movement response times.

Table 1. Descriptive statistics.

Variables Mean Standard
Deviation Minimum Maximum

Age 33.5 5.5 23.0 50.0
Height 174.6 6.3 164 188
Weight 75.1 11.9 54 99

Hand speed
Dominant hand (ms) 467.026 62.353 360.500 631.667

Free choice (ms) 512.740 59.022 384.833 615.000
Light signal (ms) 599.099 103.293 485.000 977.167

Leg speed
Dominant leg (ms) 535.177 54.532 414.667 676.167

Free choice (ms) 552.630 63.924 397.500 688.167
Light signal (ms) 646.229 58.571 531.167 751.333

Note. Dominant hand—response time of dominant hand on light signal; dominant leg—dominant leg response
time on light signal; free choice—limb response time when participants were given a free choice of either dominant
or non-dominant hand in hand task and leg in leg task; light signal—limb response time on the specific light
signal. With the right limb if the signal turns red and with the left limb if the signal turns blue.

The repeated measure ANOVA determined the significant effect of task complexity on
a hand (Figure 1) and a leg (Figure 2) response time. Pairwise comparison for differences
in movement response time of hands showed a gradual decrease in movement response
time as the task complexity increased. The dominant hand response time was significantly
shorter compared to the free choice of hand and movement response time on the light
signal. The movement response time with a free choice of hand was significantly shorter
than the movement response time on the specific light signal.



Int. J. Environ. Res. Public Health 2022, 19, 8695 5 of 11

Int. J. Environ. Res. Public Health 2022, 19, 8695 5 of 12 
 

 

limb response time on the specific light signal. With the right limb if the signal turns red and with 
the left limb if the signal turns blue. 

The repeated measure ANOVA determined the significant effect of task complexity 
on a hand (Figure 1) and a leg (Figure 2) response time. Pairwise comparison for differ-
ences in movement response time of hands showed a gradual decrease in movement re-
sponse time as the task complexity increased. The dominant hand response time was sig-
nificantly shorter compared to the free choice of hand and movement response time on 
the light signal. The movement response time with a free choice of hand was significantly 
shorter than the movement response time on the specific light signal. 

 
Figure 1. The hand movement response time in tasks of different complexity. Note: ** significant at 
p < 0.01, *** significant at p < 0.001, and **** significant at p < 0.0001. Dominant hand—response time 
of dominant hand on light signal; free choice—hand response time when participants were given a 
free choice of either dominant or non-dominant hand; light signal—hand response time on the spe-
cific light signal. With the right hand if the signal turns red and with the left limb if the signal turns 
blue. 

Figure 1. The hand movement response time in tasks of different complexity. Note: ** significant at
p < 0.01, *** significant at p < 0.001, and **** significant at p < 0.0001. Dominant hand—response time
of dominant hand on light signal; free choice—hand response time when participants were given
a free choice of either dominant or non-dominant hand; light signal—hand response time on the
specific light signal. With the right hand if the signal turns red and with the left limb if the signal
turns blue.
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Figure 2. The Leg movement response time in tasks of different complexity. Note: ns—not significant
and **** significant at p < 0.0001. Dominant hand—speed of dominant hand on light signal; dominant
leg—dominant leg response time on light signal; free choice—leg response time when participants
were given a free choice of either dominant or non-dominant leg; light signal—leg response time on
the specific light signal. With the right leg if the signal turns red and with the left leg if the signal
turns blue.
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Cohen’s effect size (Table 2) indicated moderately faster movement when performed
with the dominant hand compared to the free choice of hand task. Further analysis of effect
sizes revealed a very large difference between the movement response time attained with
the dominant hand and that obtained on the specific light signal, while a large difference
occurred between the free choice and movement response time on the specific light signal.

Table 2. Effect of decision process on single movement response time of the dominant arm.

Pairwise Comparison Mean Diff.
95% Confidence Int.

Std. E. T d
Lower Upper

Dominant hand Free choice −42.571 −85.641 −12.767 12.476 −2.673 −0.559
Light signal −127.643 −170.713 −84.573 19.998 −8.015 −1.692

Free choice Light signal −85.071 −128.141 −42.002 22.239 −5.342 −1.133

Note: Mean Diff.—mean difference, Confidence Int.—confidence interval, Std. E.—standard error, d—Cohen’s
effect size. Dominant hand—response time of dominant hand on light signal; free choice—hand response time
when participants were given a free choice of either dominant or non-dominant hand; light signal—hand response
time on the specific light signal. With the right hand if the signal turns red and the with left hand if the signal
turns blue.

Like in hand movement response time, the pairwise comparison for differences in
movement response time of legs showed a gradual decrease in response time as the task
complexity increased (Figure 2). Dominant leg movement response time was significantly
shorter than the response time on the specific light signal. Further, the movement response
time with a free choice of leg was significantly faster compared to that attained on a specific
light signal.

Considering the effect sizes (Table 3), a small difference occurred between the domi-
nant and free choice of leg, while a very large difference occurred when the dominant and
free choice of leg movement response time was compared to the movement response time
on the specific light signal.

Table 3. Effect of task complexity on leg movement response time.

Pairwise Comparison Mean Diff.
95% Confidence Int.

Std. E. T d
Lower Upper

Dominant leg Free choice −11.071 −38.972 16.829 10.316 −1.073 −0.203
Light signal −106.536 −134.436 −78.635 10.316 −10.327 −1.952

Free choice Light signal −95.464 −123.365 −67.564 10.316 −9.254 −1.749

Note: Dominant leg—response time of dominant leg on light signal; free choice—leg response time when
participants were given a free choice of either dominant or non-dominant leg; light signal—leg response time on
the specific light signal. With the right leg if the signal turns red and with the left leg if the signal turns blue.

4. Discussion

The main findings of this study showed that the task complexity significantly affected
movement response time of upper and lower limbs as the hand and leg response times
were longer when the task complexity was higher. Therefore, the hypothesis of this research
is true. Considering the partial differences in movement response times between different
tasks, performing the movement with the dominant hand was, while with the leg was not
significantly faster compared to the free choice of hand and leg. The effect size analysis
indicated a moderate difference when the tasks were performed by hands and a small
difference when performed by legs, thus clearly indicating the trend of slower performance
by both upper and lower limbs. This trend continued when officers performed the most
complex task that resulted in a significantly longer movement response time of very large
effect size when compared to dominant hand and leg, large effect size when compared to
free choice of hand, and very large effect size when compared to free choice of leg.

Our results were in accordance with Hick’s law where an increment in the number
of alternative choices to a stimuli increases the response time [22]. Schmidt and Lee
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defined two possible paradigms where the stimulus–response properties determine the
success, and these are simple reaction time and choice reaction time [23]. This explains
why participants responded faster on the simple task with only one choice compared to
the second and third task where the number of choices increased. Considering the severity
of consequences that a slow or too fast action of a police officer may have on the suspect,
officer, or surrounding public, understanding the relationship between the task complexity
and movement response time and reaction time is of utmost importance. For instance,
Blair [3] investigated whether officers who held their firearm ready to shoot were able to
shoot fast enough if a suspect who kept their gun down decided to shoot. The authors
showed that the officers were generally not able to fire before the suspect if a suspect
decided to shoot. Therefore, even in a simple task, an officer could be insufficiently fast.
A study conducted by Mudric [24] on karate athletes investigated the simple and choice
reaction times in defense movements. The authors found that athletes were faster when
instructed to defend with Nagashi uke from Mae-ashi geri and with Gedan barai from
Gjaku zuki (i.e., simple reaction time) compared to when they were attacked randomly
with either Mae-ashi geri or Gjaku zuki (i.e., choice reaction time).

It is well known that motor planning and motor execution are mediated by hemispheric-
specific processing [25–29]. Several studies have reported a right-hand/left-hemisphere
advantage for movement execution [30–32], whereas a left-hand/right-hemisphere ad-
vantage has been observed for movement preparation [33–35]. The hemispheres of the
cerebrum are specialized for different tasks. The left hemisphere is regarded as the verbal
and logical brain, and the right hemisphere is thought to govern creativity, spatial relations,
face recognition, and emotions, among other things. Moreover, the right hemisphere con-
trols the left hand, and the left hemisphere controls the right hand [36]. Conversely, when
training of movement tasks is sufficiently complex (i.e., skill training) to activate the motor
cortex, it induces synaptogenesis, synaptic potentiation, and reorganization of movement
representations within the motor cortex, thereby inducing experience-specific patterns [37].
To that end, our results indicate that officers should train in a variety of specific situations
that are sufficiently challenging by complexity to develop experience-specific patterns,
which in return may improve movement efficacy (e.g., improve response times and/or
reduce the error rate) in variety of similar tasks [10,11,38].

Considering this and the fact that, in our study, the movement response time included
the reaction time and the time to move the hand or leg to the sensor that turns off the light,
the results clearly showed that as the task required more complex processing (i.e., turning
only one or both hemispheres of the brain), the time to turn off the light was longer. It is
worth noting that the movement response time also depends on physiological (e.g., muscle
contraction and bioenergetics) and biomechanical (e.g., starting joint angle, moment arm,
and hand weight). However, in our study, the conditions were standardized so the effects
of these factors were minimalized or neutralized (e.g., instruction was as fast as possible
and from a starting joint angle of 90◦). Therefore, the differences obtained in our study
are based on the effects of task complexity on the speed of neural processing and muscle
contraction rather than on biomechanical factors. This is of importance when planning
training for police officers as speed training may increase the movement response time
but not necessarily the speed of processing and vice versa. Specific training that facilitates
sensory and movement coordination (i.e., situational training) may be more beneficial [17].

Limitations

This study included only male officers and future studies should include both males
and females. The sample could have been larger. The age range could have been narrower,
while the future study could include a few subsamples of officers who fall into certain age
categories. The tests included simple reaction stimuli (reaction to pod light) rather than
the specific cues or specific situations in which a police officer could be in. In addition,
although the tasks we used were very simple and the results were very consistent, the tasks
could be tested for validity and reliability.
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5. Conclusions

Our study showed that an increment in task complexity resulted in slower performance
of a single movement with a hand or a leg, suggesting an increased processing time as the
identical task was performed slower when the amount of information an officer needed
to process increased. This information is of importance for police officers and agencies,
considering the possible repercussions of too slow processing and embodying decisions
in certain police tasks. Therefore, utilization of specific and situational tasks in training is
of utmost importance, as it helps the inhibition of rooted behaviors, focuses attention in a
strategic way, and organizes our thoughts in terms of complexity. This notion may not be a
novelty for police academies and specialized police units. However, regular police officers,
who often do not have organized any kind of strength and condition or self-defense training
by the agency on a regular basis (i.e., 2–3 times per week), may be at a disadvantage if
found in physical conflict situations. Future studies should investigate the effectiveness
of focused training interventions in occupational settings on officers’ ability to respond
quickly and effectively to complex job-specific tasks.
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F.K. and D.J.; supervision, F.K. and M.D. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of the Faculty of Sport and Physical Education,
University of Belgrade (number 484-2).

Informed Consent Statement: Informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: Available upon request. Contact: filip.kukic@gmail.com.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A Dominant Hand and Leg Movement Response Times

Int. J. Environ. Res. Public Health 2022, 19, 8695 9 of 12 
 

 

Funding: This research received no external funding. 

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki, and approved by the Ethics Committee of the Faculty of Sport and Physical Edu-
cation, University of Belgrade (number 484-2). 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 
study. 

Data Availability Statement: Available upon request. Contact: filip.kukic@gmail.com 

Conflicts of Interest: The authors declare no conflict of interest. 

Appendix A. Dominant Hand and Leg Movement Response Times 

 

Appendix B. Free Choice of Hand and Leg Movement Response Times 



Int. J. Environ. Res. Public Health 2022, 19, 8695 9 of 11

Appendix B Free Choice of Hand and Leg Movement Response Times

Int. J. Environ. Res. Public Health 2022, 19, 8695 10 of 12 
 

 

 

Appendix C. Hand and Leg Movement Response Times on Specific Light Signal 

 

References 
1. Dawes, J.; Roozen, M. Devoloping Agility and Quickness; National Strength and Conditioning Association (U.S), Human Kinetics: 

Colorado Springs, CO, USA, 2012; pp. 1–5. 
2. Korpanovski, N.; Berjan, B.; Bozic, P.; Pazin, N.; Sanader, A.; Jovanovic, S.; Jaric, S. Anthropometric and physical performance 

profiles of elite karate kumite and kata competitors. J. Hum. Kinet. 2011, 30, 107–114. 
3. Blair, J.P.; Pollock, J.; Montague, D. Reasonableness and Reaction Time. Police Q. 2011, 14, 323–343. 
4. Simonek, J.; Horicka, P.; Hianik, J. Differences in pre-planned agility and reactive agility performance in sport games. Acta 

Gymnica 2016, 46, 68–73. 

Appendix C Hand and Leg Movement Response Times on Specific Light Signal

Int. J. Environ. Res. Public Health 2022, 19, 8695 10 of 12 
 

 

 

Appendix C. Hand and Leg Movement Response Times on Specific Light Signal 

 

References 
1. Dawes, J.; Roozen, M. Devoloping Agility and Quickness; National Strength and Conditioning Association (U.S), Human Kinetics: 

Colorado Springs, CO, USA, 2012; pp. 1–5. 
2. Korpanovski, N.; Berjan, B.; Bozic, P.; Pazin, N.; Sanader, A.; Jovanovic, S.; Jaric, S. Anthropometric and physical performance 

profiles of elite karate kumite and kata competitors. J. Hum. Kinet. 2011, 30, 107–114. 
3. Blair, J.P.; Pollock, J.; Montague, D. Reasonableness and Reaction Time. Police Q. 2011, 14, 323–343. 
4. Simonek, J.; Horicka, P.; Hianik, J. Differences in pre-planned agility and reactive agility performance in sport games. Acta 

Gymnica 2016, 46, 68–73. 

References
1. Dawes, J.; Roozen, M. Devoloping Agility and Quickness; National Strength and Conditioning Association (U.S), Human Kinetics:

Colorado Springs, CO, USA, 2012; pp. 1–5.
2. Korpanovski, N.; Berjan, B.; Bozic, P.; Pazin, N.; Sanader, A.; Jovanovic, S.; Jaric, S. Anthropometric and physical performance

profiles of elite karate kumite and kata competitors. J. Hum. Kinet. 2011, 30, 107–114. [CrossRef] [PubMed]
3. Blair, J.P.; Pollock, J.; Montague, D. Reasonableness and Reaction Time. Police Q. 2011, 14, 323–343. [CrossRef]

http://doi.org/10.2478/v10078-011-0078-x
http://www.ncbi.nlm.nih.gov/pubmed/23486746
http://doi.org/10.1177/1098611111423737


Int. J. Environ. Res. Public Health 2022, 19, 8695 10 of 11

4. Simonek, J.; Horicka, P.; Hianik, J. Differences in pre-planned agility and reactive agility performance in sport games. Acta
Gymnica 2016, 46, 68–73. [CrossRef]

5. Neilsen, G.H. Sport Psychology in Sport, Exercise and Physical Activity: The Development of Motor and Perceptual Skills in Young Athletes;
IntechOpen: London, UK, 2021; 43p.

6. Song, Y.; Ding, Y.; Fun, S.; Qu, Z.; Xu, L.; Peng, D. Neural substrates of visual perceptual learning of simple and complex stimuli.
Clin. Neurophysiol. 2005, 116, 632–639. [CrossRef]

7. Sanders, A.F. Elements of Human Performance: Reaction Processes and Attention in Human Skill; Lawrence Erlbaum Associates,
Publishers: Mahwah, NJ, USA, 1998; p. 575.

8. Sharkey, J.B.; Davis, O.P. Hard Work: Defining Physical Work Performance Requirements; Human Kinetics: Champaign, IL, USA, 2008;
pp. 37–39.

9. Starting, M.; Bakker, R.H.; Dijkstra, G.J.; Lemmink, K.A.P.M.; Groothoff, J.W. A job-related fitness test for the Dutch police. Occup.
Med. 2010, 60, 255–260. [CrossRef]

10. Wolpert, D.M.; Landy, M.S. Motor control is decision-making. Curr. Opin. Neurobiol. 2012, 22, 996–1003. [CrossRef]
11. Gordon, J.; Maselli, A.; Lancia, G.L.; Thiery, T.; Cisek, P.; Pezzulo, G. The road towards understanding embodied decision.

Neurosci. Biobehav. Rev. 2021, 131, 722–736. [CrossRef]
12. Churchland, A.K.; Ditterich, J. New advances in understanding decisions among multiple alternatives. Curr. Opin. Neurobiol.

2012, 22, 920–926. [CrossRef]
13. Marins, E.F.; Cabistany, L.; Farias, C.H.; Dawes, J.; Del Vecchio, F.B. Effects of personal protective on metabolism and performance

during an occupational physical ability test for federal highway police officers. Strength Cond. Res. 2020, 34, 1093–1102. [CrossRef]
14. Maupin, D.; Wills, T.; Orr, R.; Schram, B. Fitnes profiles in elite tactical units: A crictical review. Int. J. Exerc. Sci. 2018, 11,

1041–1062.
15. Marins, E.F.; David, G.B.; Del Vecchio, F.B. Characterization of the physical fitness of police officers: A systematic review. Strength

Cond. Res. 2019, 33, 2860–2874. [CrossRef] [PubMed]
16. Muirhead, H.; Orr, R.; Schram, B.; Kornhauser, C.H.; Holmes, R.; Dawes, J. The relationship between fitness and marksmanship

in police officers. Safety 2019, 5, 54. [CrossRef]
17. Di Nota, P.M.; Hunta, J.M. Complex motor learning and police training: Applied, cognitive, and clinical perspectives. Front.

Psychol. 2019, 10, 1797. [CrossRef]
18. Lentine, T.; Johnson, Q.; Lockie, R.; Joyce, J.; Orr, R.; Dawes, J. Occupational challenges to the development and maintenance of

physical fitness within law enforcement officers. JSCR 2021, 43, 115–118. [CrossRef]
19. de-Oliveira, A.L.; Matos, V.M.; Fernandes, G.S.I.; Nascimento, A.D. Test-Retest Reliability of a Visual-Cognitive Technology

(BlazePod™) to Measure Response Time. J. Sports Sci. Med. 2021, 20, 179–180. [CrossRef] [PubMed]
20. Hoffman, J.R. Evaluation of a Reactive Agility Assessment Device in Youth Football Players. J. Strength Cond. Res. 2020, 34,

3311–3315. [CrossRef] [PubMed]
21. Sullivan, G.M.; Feinn, R. Using Effect Size-or Why the P Value Is Not Enough. J. Grad. Med. Educ. 2012, 4, 279–282. [CrossRef]
22. Hick, W.E. On the rate of gain of information. Q. J. Exp. Psychol. 1952, 4, 11–26. [CrossRef]
23. Schmidt, R.A.; Lee, T. Motor Control and Learning; Human Kinetics: Champaign, IL, USA, 2011; p. 87.
24. Mudric, M.; Cuk, I.; Nedeljkovic, A.; Jovanovic, S.; Jaric, S. Evaluation of Video-based method for the measurement of reaction

time in specific sport situation. Int. J. Perform. Anal. Sport 2015, 15, 1077–1089. [CrossRef]
25. Agnew, A.J.; Zeffiro, A.T.; Eden, F.G. Left hemisphere specialization for the control of voluntary movement rate. Neuroimage 2004,

22, 289–303. [CrossRef]
26. Boulinguez, P.; Barthelemy, S.; Debu, B. Influence of the movement parameter to be controlled on manual RT asymmetries in

right-handers. Brain Cogn. 2000, 44, 653–661. [CrossRef] [PubMed]
27. Haaland, K.Y.; Elsinger, L.C.; Mayer, R.A.; Durgerian, S.; Rao, M.S. Motor sequence complexity and performing hand produce

differential patterns of hemispheric lateralization. J. Cogn. Neurosci. 2004, 16, 621–636. [CrossRef] [PubMed]
28. Meister, I.; Krings, T.; Foltys, H.; Boroojerdi, B.; Muller, M.; Topper, R.; Thron, A. Effects of long-term practice and task complexity

in musicians and nonmusicians performing simple and complex motor tasks: Implications for cortical motor organization. Hum.
Brain Mapp. 2005, 25, 345–352. [CrossRef] [PubMed]

29. Shen, Y.C.; Franz, E.A. Hemispheric competition in left-handers on bimanual reaction time tasks. J. Mot. Behav. 2005, 37,
3–9. [CrossRef]

30. Lenhard, A.; Hoffmann, J. Constant error in aiming movements without visual feedback is higher in the preferred hand. Laterality
2007, 12, 227–238. [CrossRef]

31. Mieschke, P.E.; Elliott, D.; Helsen, W.F.; Carson, R.G.; Coull, J.A. Manual asymmetries in the preparation and control of
goal-directed movements. Brain Cogn. 2001, 45, 129–140. [CrossRef]

32. Velay, J.L.; Benoit-Dubrocard, S. Hemispheric asymmetry and interhemispheric transfer in reaching programming. Neuropsycholo-
gia 1999, 37, 895–903. [CrossRef]

33. Bestelmeyer, P.E.; Carey, D.P. Processing biases towards the preferred hand: Valid and invalid cueing of left-versus right-hand
movements. Neuropsychologia 2004, 42, 1162–1167. [CrossRef]

34. Helsen, W.F.; Starkes, J.L.; Elliot, D.; Buekers, M.J. Manual asymmetries and saccadic eye movements in righthanders during
single and reciprocal aiming movements. Cortex 1998, 34, 513–529. [CrossRef]

http://doi.org/10.5507/ag.2016.006
http://doi.org/10.1016/j.clinph.2004.09.019
http://doi.org/10.1093/occmed/kqq060
http://doi.org/10.1016/j.conb.2012.05.003
http://doi.org/10.1016/j.neubiorev.2021.09.034
http://doi.org/10.1016/j.conb.2012.04.009
http://doi.org/10.1519/JSC.0000000000002892
http://doi.org/10.1519/JSC.0000000000003177
http://www.ncbi.nlm.nih.gov/pubmed/31045682
http://doi.org/10.3390/safety5030054
http://doi.org/10.3389/fpsyg.2019.01797
http://doi.org/10.1519/SSC.0000000000000679
http://doi.org/10.52082/jssm.2021.179
http://www.ncbi.nlm.nih.gov/pubmed/33708001
http://doi.org/10.1519/JSC.0000000000003867
http://www.ncbi.nlm.nih.gov/pubmed/33044365
http://doi.org/10.4300/JGME-D-12-00156.1
http://doi.org/10.1080/17470215208416600
http://doi.org/10.1080/24748668.2015.11868852
http://doi.org/10.1016/j.neuroimage.2003.12.038
http://doi.org/10.1006/brcg.2000.1234
http://www.ncbi.nlm.nih.gov/pubmed/11104547
http://doi.org/10.1162/089892904323057344
http://www.ncbi.nlm.nih.gov/pubmed/15165352
http://doi.org/10.1002/hbm.20112
http://www.ncbi.nlm.nih.gov/pubmed/15852385
http://doi.org/10.3200/JMBR.37.1.3-9
http://doi.org/10.1080/13576500701203891
http://doi.org/10.1006/brcg.2000.1262
http://doi.org/10.1016/S0028-3932(98)00149-3
http://doi.org/10.1016/j.neuropsychologia.2004.02.008
http://doi.org/10.1016/S0010-9452(08)70511-2


Int. J. Environ. Res. Public Health 2022, 19, 8695 11 of 11

35. Neely, K.; Binsted, G.; Heath, M. Manual asymmetries in bimanual reaching: The influence of spatial compatibility and
visuospatial attention. Brain Cogn. 2005, 57, 102–105. [CrossRef]

36. Gazzaniga, M.S. The ethical brain. J. R. Soc. Med. 2005, 98, 433–434.
37. Adkins, D.L.; Boychuk, J.; Remple, M.S.; Kleim, J.A. Motor training induces experience—Specific patterns of plasticity across

motor cortex and spinal cord. J. Appl. Physiol. 2006, 101, 1776–1782. [CrossRef] [PubMed]
38. Levin, M.F.; Demers, M. Motor learning in neurological rehabilitation. Disabil. Rehabil. 2019, 43, 3445–3453. [CrossRef] [PubMed]

http://doi.org/10.1016/j.bandc.2004.08.041
http://doi.org/10.1152/japplphysiol.00515.2006
http://www.ncbi.nlm.nih.gov/pubmed/16959909
http://doi.org/10.1080/09638288.2020.1752317
http://www.ncbi.nlm.nih.gov/pubmed/32320305

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Hand and Leg Movement Speed 
	Variables 
	Hand Movement Response Times 
	Leg Movement Response Time 

	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	Appendix A
	Appendix B
	Appendix C
	References

