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Abstract

Background: Upper limb motor performance
is determined by early and late developmental
practice of multifaceted hand movements. Phys-
ical activity (PA) also has an impact on physical
health, psychosocial, emotional, and cognitive
functions. Manual dexterity plays an important
role in everyday life and it’s a considerable part of
one's life is spent at work.

Aims: The aim of the study was to assess man-
ual dexterity in a group of professional IT spe-
cialists and handball players using a proprietary
programme examining upper limb precision and
hand-eye coordination.

Material and methods: A group of 36 people par-
ticipated in the study (15 handball players and 21
IT specialists). Participants were assessed over
two days by a proprietary programme measuring
upper limb precision and hand-eye coordination.
The programme contained 3 tasks, at 3, 4, and
3 differentiated levels respectively, which were
evaluated successively: 1) hand-eye coordination
(HEC) and manual dexterity (MD), 2) visuospatial
function (VSF) and fine motor skills (FMS), 3) re-
action time (RT) and MD.

Results: It was shown that 93% of handball play-
ers and 24% of IT specialists had a very high PA
index. IT specialists demonstrated better ability
compared to handball players, in terms of MD
and HEC (p=0.03). Subjects with very high PA in-
dex performed worse on the HEC and FMS tasks
(p=0.007). Furthermore, with increasing age, MD
(p=0.02), VSF (p=0.00024), HEC (p=0.043), and RT
(p=0.00044) decreased.

Conclusion: VSF and FMS in IT professionals were
better when compared to handball players. Very
high PA levels were not associated with improved
MD and HEC. Younger individuals showed higher
MD, RT, VSF, and HEC scores.
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Introduction

One of the most important aspects of human mo-
tor skills is praxis. It is a motor-cognitive skill that
controls the execution of learned, planned move-
ments. Praxis undergoes constant refinement
during practical training to the point where it can
reach a degree of considerable automation. Per-
forming many motor activities often requires con-
siderable precision, especially hand movements [1].

Upper limb motor performance is determined by
early and late developmental practice of multifac-
eted hand movements as well as the whole limb
and physical activity (PA) [2]. Physical activity also
has an impact on physical health, psychosocial,
emotional, and cognitive functions [3]. The differ-
entiation of motor skills, which begins in adoles-
cence, based on gender, lifestyle, and occupation
is most evident in adulthood [4]. Adolescence, in
particular the time between 20 and 30 years of
age, is potentially a period of peak mobility [5].
Genetics, physical health, and socio-demograph-
ic factors, as well as lifestyle, significantly deter-
mine the aging process of cognitive functions,
including upper limb motor functions [4].

Manual dexterity (MD) plays an important role in
everyday life. A considerable part of one's life is
spent at work. Research in the field of psychology
and workplace ergonomics has proven that jobs
that do not require an employee to engage in cog-
nitive functions result in some form of cognitive
decline [6]. Additionally, it has been reported that

Table 1. General characteristics of the groups.

office workers are often characterised by slow-
er cognitive decline when compared to manual
workers [7]. It is therefore important to highlight
the impact of the occupation on the MD.

Aims

The factors influencing praxis in adults are still
not well understood and reports mainly focus on
motor development in children. Therefore, the
aim of our study was to evaluate praxis in a group
of IT specialists and handball players using a pro-
prietary programme to assess MD and hand-eye
coordination (HEC), taking into account: age and
PA index in the aforementioned groups.

Material and methods

Participants

Thirty-six individuals took part in the study, com-
prising of 15 handball players (group I) and 21 IT
specialists (group II). The group of handball play-
ers was exclusively male, while the group of IT
specialists included 17 men and 4 women (Table 1).
The subjects were athletes from Pogon Szczecin
team playing in men's handball super-league,
students at the West Pomeranian University of
Technology in Szczecin from the Department of
Computer Science and IT specialists from private
workplaces.

. Handball players IT specialists
Characteristics (n=15) (n=21)
Females 0 (0%) 4 (19%)
Sex
Males 15 (100%) 17 (81%)
Right-handedness 11 (73%) 20 (95%)
Handiness
Left-handedness 4 (27%) 1(5%)
Very high: >1 training per day 14 (93%) 5 (24%)
Physical activity

Average: 1-5 trainings per month 1(7%) 16 (76%)
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Inclusion criteria for the study were: occupation
as an IT specialist or professional handball player,
and age between 18 and 35 years. However, the
exclusion criteria were: having an occupation
other than IT or being a handball player, age over
35 years, ongoing hand injury or inflammation in
the hand area, and lack of consent to participate
in the study.

Methods and research tools

Evaluation of MD, including precision of hand
movements and HEC, among the occupational
groups was done through a proprietary diagnos-
tic programme. It was created on a virtual web
platform accessible only on devices such as a
computer, laptop, etc. The access was not possi-
ble via mobile devices on the grounds that this
would have disrupted the process of properly at-
tempting the research, which required the use of
alarge enough screen and a computer mouse. The
programme was powered by the Unity engine and
written in the multi-paradigm programming lan-
guage - C Sharp. Data from the study was stored
in a Firebase database. The requirement was to
use the equipment, which can be controlled with
a computer mouse. The participant (hereinafter
referred to as the player) received a link directing
them to the programme. By following the link, a
registration and login process had to be complet-

ed, after which the questionnaire was displayed.
Three original tasks at different levels of difficul-
ty were then to be completed:

a) Rotation of 2D figures (Task 1, Figure 1) - the
monitor showed two figures, one of which was
rotated by a certain number of degrees in rela-
tion to the other. The player's task was to rotate
the figure in the shortest possible time, without
lifting the mouse, so that it had the same posi-
tion as the sample figure. Lifting the mouse was
an error and resulted in a restart of the attempt.
The original task evaluated the HEC and the MD,
using an assessment of:

 the total figure rotation (in degrees) performed
by the subject during the attempt in each stage
of the proprietary diagnostic programme.

« final rotation of the figure - deviation (in de-
grees) of the figure rotated by the participant
from its target position. Measured at the mo-
ment when the subject let go of the object, ac-
cepting its position as desired.

* the number of attempts at each stage of the
proprietary diagnostic programme. Counted
from the first attempt to the one that was suc-
cessful.

e attempt time for each stage of the proprietary
diagnostic programme. Counted from pressing
the left mouse button to releasing it.

Figure 1. One stage of Task 1, a self-designed program at which hand-eye
coordination (HEC) and manual dexterity (MD) were assessed.
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b) Rotation of 3D objects (Task 2, Figure 2) - as in
the previous task, two objects in different posi-
tions were displayed. Using the mouse, the figure
had to be placed in the same position as the sam-
ple figure. It was impossible to make a mistake in
this task. The programme only moved on to the
next level when the task was completed correctly.
In this original task, visuospatial function (VSF)
and fine motor skills (FMS) were assessed. The
evaluation included:

* the final rotation of the figure - the deviation (in
degrees) of the figure rotated by the subject from
its target position. Measured at the moment
when the system has approved the position of
the object. Acceptance occurred when the sum
of the deviations in the three axes, was less than
5° from the target position of the figure.

 attempt time for each stage of the proprietary
diagnostic programme. Counted from the start
of the attempt until the figure was placed cor-
rectly (automatic acceptance by the system).

c) Following an object with the cursor (Task 3,
Figure 3) - the participant had to keep the mouse
cursor on an object moving around the screen for
5 seconds in as smooth of a motion as possible.
The moving object decreased in size as the trial
progressed. A percentage of the time the player
kept the cursor on a moving object was meas-
ured. Reaction time (RT) and MD were assessed.
The percentage of time the subject managed to
hold the mouse cursor on a moving object, rela-
tive to the entire trial duration, was analysed.

Figure 2. One stage of Task 2, a self-designed program, at which visu-
ospatial functions (VSF) and fine motor skills (FMS) were assessed.

Figure 3. One of the stages of Task 3, a self-developed program at which
reaction time (RT) and manual dexterity (MD) were assessed.
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Each of the original tasks assessed different as-
pects of MD. The entire test had to be performed
twice, i.e., the same levels were revisited the fol-
lowing day. The data recorded the previous day,
allowed the user to log in again as the same sub-
ject, making it possible to run the test over the
course of two days.

Statistical analysis

The R software was used to carry out the sta-
tistical analyses. The Anderson-Darling test
was used to calculate the data distribution. The
Mann-Whitney-U test for data with a non-para-
metric distribution and the T-Test for data with

a parametric distribution were used to calculate
statistical significance. Spearman's Rho was used
to calculate correlations. The threshold for sta-
tistical significance was p < 0.05.

Results

Evaluation of the efficiency and speed of per-
formance on individual tasks assessed using the
proprietary programme in group I and group II
showed that handball players made more attempts
to the HEC and MD tasks when compared to the
IT specialists (p = 0.03). No statistical significance
was obtained in other tasks comparing handball
players and IT specialists (p > 0.05) - Table 2.

Table 2. Analysis of task scores assessing MD, HEC, and RT, in hand players (group I) and IT specialists (group Il).

Group | — hand players (n=15) Group Il - IT specialists (n=21) P-value
Task
M+ SD Me Min Max M+ SD Me Min Max
Number of at-
tempts at the MD 9.4+ 10 7 8.4+ 7 3 35 0.03*
and HEC task
Mean time to
com-plete the MD 10.2+ 10 10 74+ 5 5 15 0.005*
and HEC tasks
Mean percentage
score in the RT 38.2+ 33.2 12.9 102.2 26.3+ 20.3 5.9 101 0.05
and MD tasks

Abbreviations: M, mean; SD, standard deviation; Me, median; Min, minimum; Max, maximum; physical activity (PA), manual

dexterity (MD), reaction time (RT); p, level of statistical significance.

There was a significant relationship between av-
erage PA level and better HEC and MD (p = 0.007)
in both groups. However, the group with higher
PA index performed the task assessing RT and

MD more accurately than the group with average
PA, achieving a higher mean percentage score,
but no statistical significance was obtained for
this parameter (p = 0.07, Table 3).
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Table 3. Analysis of task scores assessing MD, HEC, and RT, in subjects with very high PA (group |) and average PA (group ll).

Group with high PA (n=19) Group with average PA (n=17) P-value

Task

M+ SD Me Min Max M+ SD Me Min Max

Number of at-
tempts at the MD 10.7¢ 10 4 35 6.7+ 6 3 14 0.007*
and HEC task

Mean time to
com-plete the MD 2.3+ 2.2 14 3.5 2.5+ 2.3 1.2 5.2 0.49
and HEC tasks

Mean percentage
score in the RT 78+ 71.3 52.9 83.9 76.4+ 78.4 64.6 94.4 0.07
and MD tasks

Abbreviations: M, mean; SD, standard deviation; Me, median; Min, minimum; Max, maximum; physical activity (PA), manual
dexterity (MD), reaction time (RT); p, level of statistical significance.

We can observe in Figure 4 the presence of a weak correlation between MD and the age of the subjects.
The number of attempts increases with age (p=0.02).

Figure 4. Assessment of the number of task trials testing hand-eye coordination (HEC) and manual
dexterity (MD) using a self-designed program among in older and younger adults in groups | and Il.
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The research found a correlation between age and mean time to complete the task assessing HEC and MD
(p=0.043). As age increases, the average time taken by participants to play the game increases (Figure 5).

Figure 5. Assessment of mean time to complete a hand-eye coordination (HEC) and manual dexterity
(MD) tasks using a self-designed program among older and younger adults in groups | and Il.

The analysis revealed a correlation between the age and the mean time to complete the VSF and FMS
assessment tasks (p= 0.00024). As age increases, the mean time taken by participants to complete a task
increases as well (Figure 6).

Figure 6. Assessment of the mean time obtained in visuospatial functions (VSF) and fine motor skills
(FMS) tasks using a self-designed program among older and younger subjects in groups | and Il
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The research indicated that older people scored lower on tasks assessing RT and MD with the proprieta-
ry programme when compared to younger people in groups I and II (p=0.00044) (Figure 7).

Figure 7. Assessment of the reaction time (RT) and manual dexterity (MD) tasks using
a self-designed program among older and younger subjects in groups | and Il.

Discussion

This study, using a proprietary diagnostic pro-
gramme, demonstrated that the number of at-
tempts to complete tasks requiring the use of
VSF, MD (mainly FMS), RT and HEC are depend-
ent on occupation (IT specialist or handball play-
er). The obtained results support the hypothesis
that undertaking an IT profession has a positive
impact on MD, as measured by the proprietary
diagnostic programme. Research carried out on
professional athletes generally focuses on the
assessment of perceptual-cognitive skills, which
are related to the ability to identify and gath-
er information to relate it to the knowledge al-
ready possessed, in order to select and perform
an adequate response to stimuli [8]. Research has
shown that elite athletes outperform non-ath-
letes in tasks involving cognitive functions that
assess multitasking, working memory, attention,
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processing and learning speed. They can also
better extract relevant information from their
environment when compared to non-athletes [8].
The ability to specify information is an important
component of motor skills as it determines the
quality of the performed movement. Better per-
formance may be due to anatomically increased
thickness of the cortex in specific brain areas,
which correlates with high levels of physical ac-
tivity [9]. Professional athletes are usually en-
gaged in enhancing motor skills over a long pe-
riod of time and can exhibit extraordinary skills
in stressful situations. This explains the increase
in gray matter density in the left precentral gyrus,
known for its substantial contribution to planning
and execution of movements, suggesting a specif-
ic, action-dependent plasticity of left frontal lobe
structures [9].



No research was found to examine the impact of
the IT profession on MD or HEC, so to better un-
derstand these links, further research is required.
In an effort to provide an insight into the impact
of the IT profession, an attempt has been made
to compare it to that of a professional comput-
er gamer, which is characterised by similar work
specificities. There is a possibility that these two
professions will similarly affect MD and HEC.

A recent study conducted by Benoit et al. [11]
(2020), assessed processing speed (RT), attention,
memory, executive functions, and MD among
professional gamers, it was found that they had a
better developed MD and VSF when compared to
amateur gamers [10]. It is considered that com-
puter games can improve brain plasticity and
learning. Enhanced learning ability is strongly
conditioned by neural mechanisms and compu-
tational abilities of the brain. The conditions for
experience-based brain stimulation that enhance
plasticity in an adult brain are fairly well under-
stood. As are the general response patterns of the
neurobiological network of neurons, axons, and
dendrites to increased or decreased neuronal
activity. Additionally, it has been suggested that
computer games improve visual-cognitive func-
tions through enhanced attentional control and
executive functioning with an increased ability to
select task-relevant information and ignore visual
information that is irrelevant [12].

Generally, the IT profession involves the use of
sciences (analytical thinking, counting, logic,
reasoning, writing), which mainly engage the left
hemisphere of the brain. Depending on the IT
specialisation pursued, spatial imagination and
creativity may also be required, which is primarily
the responsibility of the right hemisphere of the
brain. In contrast, handball players rely on the use
of visual-motor functions, which are not char-
acterised by complete hemispheric dominance.
Classical scientific publications on hemispheric
specifications - VSF is assigned to the right hem-
isphere [13]. However, a deeper analysis of more
recent publications no longer provides such con-
clusive evidence [14]. It is difficult to say definitive-

ly which exact areas are involved during certain
occupations (IT and handball player), therefore
further research on this topic is required.

Our research revealed a strong correlation be-
tween age and many parameters of each stage
of the proprietary MD diagnostic programme. It
was observed that in the task examining MD and
HEC, younger people performed better. Among
the older participants, an increased number of
attempts as well as the final rotation of figures
is noticeable. Similarly, to the previous results
on the VSF and FMS and RT and MD assessment
task, younger subjects also performed better.
Existing empirical research identifies VSF as an
aspect of cognitive functions. The hippocampus,
parahippocampal cortex, posterior cingulate
cortex, prefrontal cortex, and parietal lobes are
thought to have a significant impact on VSF, and
are highly susceptible to the effects of ageing,
manifesting as a decline in learning ability and
executive functioning in older adults. Moreover,
maintaining long-term memory and brain plas-
ticity requires gene expression, which is known
to decline as the body ages, which may also con-
tribute to the decrease in motor functioning in
older people [15]. Interestingly, most biophysical
properties of neurons do not change during the
ageing process. In the prefrontal cortex and hip-
pocampus, no difference was observed between
old and young neurons in their resting mem-
brane potential, threshold for action potential
release, build-up time, and action potential dura-
tion. However, a significant increase in Ca2+ ion
conductance is observed in both regions, which
is likely to contribute to age-related changes in
neuroplasticity. The reduction in neuroplasti-
city is thought to be responsible for the decline
in motor as well as cognitive functioning [16].
New neurons are generated in the dentate gyrus
of the adult hippocampus, however, contrary to
what was believed in previous years, new neurons
are produced even after reaching middle age [17].
Vasylenko et al. [18] (2018) reported that the de-
gree of reduction in hand dexterity among older
people, varies according to the type of movement.
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With age, precise movements deteriorate more
than movements involving larger muscle groups.

Results of our study revealed that the group
with very high PA index had, on average, more
attempts to complete the HEC and MD assess-
ment tasks than the group with average PA lev-
els. Thus, it can be concluded that more frequent
PA does not improve the quality of MD. It is also
worth mentioning that in this study, PA index is
strongly correlated with occupation, as the re-
sults showed handball players have a much higher
daily activity rate (93%) than IT specialists (24%).
Scientific research investigating the effects of PA
index on MD, do not directly relate to the results
of our study. Research tends to focus on the claim
that PA levels have a positive effect on motor
skills, cognitive and executive functions but fails
to address the impact of its frequency [19]. PA is
thought to maintain physical fitness by delaying
the decline in large motor functions. Some stud-
ies suggest that the effects of PA on executive
functioning are not dependent on the frequency.
However, a recent study evaluating the associ-
ation between PA levels and MD in older adults
found that MD is significantly influenced by: PA
levels, age, and their interaction effect (PA*age).
Furthermore, supplementary comparisons for
this study revealed a major effect of PA levels on
MD in the older group (>80 years) but not in the
younger group [20]. This leads to the conclusion
that the results of the above study may be con-
ditioned by the subject's young age, which is not
so significantly affected by PA levels. Thus, there
is a need for further research in this area. Future
studies should consider expanding the research
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to include an older group of participants to relia-
bly analyse the effect of PA levels on MD.

In addition, other factors determining the quality
of cognitive functioning or MD (e.g., sleep depri-
vation, time of day, diet) may have influenced the
outcome. It should be taken into account that the
handball players performed their study tasks late
in the evening, after a full day's intensive physical
activity, which may have reduced the quality of
their MD performance. Future research should
consider more factors that may determine the
quality of MD. In addition, the form of the con-
ducted research is more accessible to IT special-
ists, as the equipment and platforms used in our
study is similar to the ones they work on.

Our study, using a proprietary computer pro-
gram, is innovative and opens up the possibility
of widespread intervention to maintain or im-
prove MD and cognitive functions in people with
or without deficits. Through learning about the
impact of the occupation on the MD, it is possi-
ble to implement the innovations while working,
which could include elements that improve per-
formance. This is a remarkably optimistic and at
the same time realistic vision, which calls for fur-
ther research in this field.

Conclusions

The VSF and FMS, which were tested using a pro-
prietary diagnostic programme, are better in IT
specialists when compared to handball players.
High PA levels are not associated with improved
MD and HEC. Younger individuals are character-
ised by better MD, RT, VSF and HEC scores.
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