
2019

06

327

Exercise-induced fatigue impairs visuomotor  

adaptability in physical education students
Zwierko T.1ABCDE, Wąsik J.2ABCDE

1University of Szczecin, Institute of Physical Culture Sciences, Laboratory of Kinesiology in Functional and 
Structural Human Research Center, Szczecin, Poland

2Jan Dlugosz University in Czestochowa, Faculty of Health Sciences, Poland

Authors’ Contribution:  A – Study design; B – Data collection; C – Statistical analysis; D – Manuscript Preparation; 
E – Funds Collection.

Abstract
Purpose: Physical exercise has been shown to exert various effects on visuomotor processing and motor learning. 

The present study aimed to examine the impact of exercise with progressively increased physical load on 
consecutive stages of perceptual-motor learning. We compared the effectiveness of visuomotor adaptability 
in four subsequent trials during a complex coordination task performed in different conditions, including 
under conditions of progressively increased physical load, and in non-exercise resting control conditions. 

Material: Twenty-seven physical education university students participated in this study. Participants were randomly 
assigned to one of two group: (1) an exercise experimental group (n = 14), or (2) a non-exercise resting control 
group (n = 13). Participants in the experimental group performed three 10-minute effort-tests with increasing 
intensity on a cycloergometer. Each participant was assigned individual workload values below the lactate 
threshold (40% VO2max), at the lactate threshold (60% VO2max), and above the lactate threshold (80% VO2max). 
Four sessions of the two-hand coordination test included in the Vienna Test System were used to examine 
visuomotor adaptability variation. The total time duration, total error duration, and coordination difficulty 
were analyzed.

Results: There was a significant interaction between number of test repetitions and group (experimental, control) for 
total duration (F(3,75) = 3.54, p = 0.018). In particular, there was a significant reduction (p = 0.006) in duration 
in the control group after fourth test repetitions as compared to the baseline. In the experimental group, in 
contrast, there was a tendency for duration to increase after exercise above the lactate threshold intensity. 
There was also a significant interaction between test repetitions and group for total error duration (F(3,75) = 
3.14, p = 0.03).

Conclusions: The results suggest that high intensity exercise can disrupt visuomotor processing during complex skill 
acquisition. These findings highlight the interplay between exercise intensity and motor control and 
learning, which in turn, has practical implications for developing and improving motor training and physical 
education programs.
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Introduction1

Physical education of students requires effectiveness 
methods of motor learning to the attainment of expertise 
in complex skills in different sports. Students need daily 
practice to acquire motor skills, coordinate large parts of 
muscles, and improve speed, accuracy, and coordination 
performance of fine, narrow movements that depend on 
visuomotor adaptation [1]. Visuomotor adaptation can be 
defined as the capacity to modify coordinated movements 
to adjust to changes in new environment conditions [2, 3]. 
Visuomotor adaptation is required for many basic tasks 
of daily living such as reaching and grasping objects, 
walking, cycling, car driving, and sports activity. To 
coordinate accurate and/or fast movements, the motor 
control system must adapt via dynamic changes in the 
musculoskeletal system and the configuration of body 
segments [4]. For effective visuomotor adaptability 
(VMA), several sensorimotor systems – including the 
visual system, central processing, and effector components 
– must function synergistically. In particular, integral 
components of hand-eye coordination task performance 
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include projection of the visual field onto the retina, 
sensory transmission of information to the visual cortex, 
cognitive planning and motor programming, activation 
of arm muscles to initiate a particular action, focus of 
attention, and visual feedback [5]. 

It is generally assumed that visuomotor adaptation 
is the key factor that influences motor skill learning [6]. 
The level of an individual’s motor learning improves with 
practice, which leads to relatively permanent changes 
in the acquisition of motor skill [7]. With practice, the 
control of movement execution becomes less dependent 
on cognitive processing and progressively switches to 
more automatic functioning [8].

Research studies have revealed different factors that 
can affect the effectiveness of perceptual-motor learning 
and performance, including task difficulty [9, 10], 
attention [11, 12], and memory abilities [13]. Moreover, 
stress and anxiety have been shown to decrease motor 
performance during the early stages of learning, but have 
no effect (or may even improve performance) during later 
learning stages [14, 15]. Furthermore, Hordacre et al. [16] 
reported perceptual-motor learning benefits during a pinch 
task following increased stress and anxiety induced by 
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the mental arithmetic task. In particular, the investigators 
observed a reduction in both reaction time and movement 
time across the learning period. These findings suggest 
that levels of stress and anxiety are associated with 
adaptive changes in motor learning.

Physical exercise has been reported to exert various 
effects on visuomotor processing and motor learning 
[17-20]. On one hand, researchers have concluded that 
exercise has a beneficial effect on the excitation and 
activity of the peripheral and central nervous systems [21, 
22]. On the other hand, other groups have reported that 
intense physical activity may interfere with neural signal 
transmission [23-25]. The mechanism of exercise-induced 
effects on visuomotor processing remains unclear [26].

The purpose of motor learning is to produce more 
effective movements [3]. The present study aimed to 
systematically investigate the effects of exercise on 
VMA in physical education students. Thus, we examined 
the effect of exercise with progressively increased 
physical load on consecutive stages of perceptual-motor 
learning. We compared the effectiveness of VMA in 
four subsequent trials during a complex coordination 
task performed in different conditions, including under 
conditions of progressively increased physical load, and 
in non-exercise resting control conditions.

Material and methods
Participants. 
Twenty-seven physical education students from 

University of Szczecin, Poland (M ± SD age: 20.19 ± 
1.4 years) participated in his study. Participants were 
randomly assigned to one of two group: (1) an exercise 
experimental group (n = 14), and (2) a non-exercise resting 
control group (n = 13). The local Bioethical Committee 
approved the research project.

Research Design.
Preliminary protocol
Participants in the experimental group completed 

an effort test that involved an incremental increase in 
intensity using a cycloergometer (Monark E834, Varberg, 
Sweden). The experiment began with a 10-min rest period 
in a reclined position. After 10 min, a blood sample was 
collected from a finger for biochemical determinations. 
Participants then completed a 5-min warm-up period at 
25 watts (W). The effort-test commenced at 70 W, with 
70 revolutions per min (rpm). The exercise continued 
with an increasing workload (20 W increments every 3 
min) until refusal. During the last 15 sec of each 3-min 
effort at a given workload, capillary blood samples were 
drawn from a fingertip for enzymatic determination of 
blood lactate concentration (Dr. Lange Cuvette Test LKM 
140, Germany). Lactate concentration was determined 
using miniphotometer LP 20 Plus (Dr Lange, Germany). 
Resting heart rate and change in heart rate during exercise 
were measured using a Polar S610 heart rate monitor 
(Polar, Finland). Oxygen consumption during exercise 
was estimated using an Oxycon gas analyzer (Jaeger, 
Germany). Individual lactate threshold was calculated 
using a linear regression graph log lactate and the log 

of effort intensity. Based on the results of the exercise 
test, each subject was assigned an individual workload 
value (W) at various levels: (1) a 40%VO2max (i.e., load 
value below the lactate threshold), (2) a lactate threshold 
range, which in the case of all participants was between 
65-75% VO2max, and (3) an 80%VO2max (i.e., above lactate 
threshold). 

The two-hand coordination test (i.e., the VMA test) 
included in the Vienna Test System (Schuhfried, Austria) 
was used to examine VMA. During the VMA test, 
participants used two control elements (i.e., joysticks) 
to move a cursor along a track shown on a monitor (see 
Figure 1). The cursor can be moved horizontally using one 
joystick, and moved vertically using the other joystick. 
Participants were instructed to run the track through from 
start to finish as quickly as possible. An error is counted 
each time the cursor goes off the track. The track consists 
of three sections of varying difficulty (circular arc, 
V-shape, inverted L). Speed and accuracy of the run on 
each track was scored, including the following variables: 
total mean duration [s], total mean error duration [s], 
and coordination difficulty [s] (i.e., time difference 
standardized to the length of the path between sections 
with or without need for coordination).

	
Figure 1. Scheme of the tract in the two-hand coordination 
test (VMA test).

Procedure
The experiment was carried out 5 days after the effort-

test that determined the maximal oxygen uptake (i.e., 
VO2max). The first VMA test (T1) was performed at rest. 
Next, all participants completed a 5-min warm-up on 
the cycloergometer (25 W). Participants then completed 
a 10-min effort at intensity below lactate threshold 
(i.e., 40% VO2max). The second VMA test (T2) was 
performed immediately after the effort test. Participants 
then performed a 10-min effort at lactate threshold (i.e., 
60% VO2max) and after that, the third VMA test (T3) was 
conducted. Next, participants performed a 10-min effort 
at intensity above the lactate threshold (i.e., 80% VO2max), 
which was followed immediately by the VMT test (T4). 
During cycling, participants maintained a constant 
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frequency of revolutions (68-72 rate per min). Heart rate 
was monitored throughout the experiment. For the non-
exercise resting control group, four VMA test (T1-T4) 
were conducted, with a 10-min break between each test.

Statistical methods
All data are expressed as mean (M) ± standard 

deviation (SD). The assumption of normality was tested 
using the Shapiro-Wilk test. The dependent measures (i.e., 
total mean duration, total error duration, coordination 
difficulty) were analyzed separately using a two-way 
repeated measures analysis of variance (ANOVA) to 
test for significant effects of the between-subjects factor 
(group: experimental, control) and the within-subjects 
factor (test repetitions: T1, T2, T3, T4). Post hoc tests 
were performed, results were considered significant at p 
< 0.05, Bonferroni corrected. 

Results
Descriptive statistics of the VMA test parameters 

for the experimental and control groups are presented in 
Table 1.

Effects on total mean duration of visuomotor 
adaptability test

The analyses of the total mean duration of VMA test 
revealed no significant main effect of group (F(1,55) = 
0.01, p = 0.938, ηp2 = 0.001), a significant main effect 
of test repetitions (F(3,75) = 5.14, p = 0.003, ηp2 = 0.17), 
and a significant group x test repetitions interaction 
(F(3,75) = 3.54, p = 0.018, ηp2 = 0.12) (Figure 1). The test 
repetitions factor significantly differentiated the plot of 

the total mean duration changes in the control group (i.e., 
VMA test trials at rest) as compared to the experimental 
group (i.e., VMA test trials in progressively increase 
physical effort). In the control group, the total duration 
of the fourth VMA test (T4) was shorter than in the initial 
measurement (T1) (delta: 2.275 s, p = 0.006). In contrast, 
there were no significant changes (p > 0.05) in subsequent 
VMA test trials in the experimental group. 

There was a significant reduction (T1 vs. T4, p = 0.006) 
in total duration in the control group (denoted with *). In 
contrast, in the experimental group, the total duration did 
not significantly change during VMA test repetitions in 
exercise conditions.

Effects on total error duration of visuomotor 
adaptability test

The total error duration did not significantly differ 
between groups (F(1,25) = 0.39.71, p = 0.537, ηp2 = 0.02), 
or vary by test repetitions (F(3,75) = 1.90, p = 0.136, ηp2 
= 0.07). However, there was a significant interaction 
between group and test repetitions (F(3,75) = 3.14, p = 0.03, 
ηp2 = 0.11) for total error duration (Figure 2). Indeed, in 
the experimental group there was a tendency for total 
error duration to decrease after the first effort (T1), and 
increase after the second (T2) and third efforts (T3). In the 
control group, in contrast, total error duration gradually 
decreased over time. 

Effects on coordination difficulty of visuomotor 
adaptability test

Types of variances in the coordination difficulty did 
not differ between the experimental and control groups 

Table 1. Mean, standard deviation (SD) of VMA test parameters in the experimental and control groups.

VMA test parameters
M ± SD

Experimental group Control group

Total mean duration [s]

T1 16.58 ± 3.43 16.90 ± 4.18

T2 15.35 ± 3.63 15.99 ± 3.08

T3 15.13 ± 3.07 15.47 ± 2.95

T4 16.32 ± 4.11 14.63 ± 3.12

Total error duration [s]

T1 0.67  ± 0.42 0.65 ± 0.50

T2 0.47 ± 0.37 0.53 ± 0.40

T3 0.48 ± 0.23 0.47 ± 0.29

T4 0.78 ± 0.32 0.37 ± 0.22

Coordination difficulty [s]

T1 2.02  ± 0.69 2.24 ± 0.64

T2 1.94 ± 0.65 2.10 ± 0.48

T3 1.91 ± 0.47 2.00 ± 0.57

T4 2.00 ± 0.33 1.88 ± 0.48
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Figure 2. Interaction between group and test repetitions for the total duration (F(3,75) = 3.54, p = 0.018, ηp2 = 0.12). 	
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Figure 3. Interaction plot of relative changes of test repetitions and group for the total error duration (F(3,75) = 3.14, p 
= 0.03, ηp2 = 0.11).
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(F(1,25) = 0.22, p = 0.641, ηp2 = 0.01). The plot of changes 
in coordination difficulty parameter over consecutive 
repetitions did not differentiate the experimental from 
the control group (F(3,75) = 1.85, p = 0.145, ηp2 = 0.07). 
Moreover, there was no significant interaction between 
group and test repetitions (F(3,75) = 1.33, p = 0.270, ηp2 = 
0.05).

Discussion 
The main finding in our study was that exercise did 

not improve VMA, as compared to motor practice alone. 
Increased physical effort did not cause significant changes 
in the speed and accuracy of VMA in the experimental 
group. We observed only a tendency for the direction 
and size of changes that depended on the intensity 
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of the physical effort. Specifically, as the intensity of 
physical effort increased, the speed and accuracy of VMA 
improved until a critical value of exercise intensity was 
reached. Following the critical value, speed and accuracy 
parameters worsened. However, the results of the 
experimental versus control group showed significantly 
different plots in terms of variation in the recorded 
parameters. Indeed, total test duration was significantly 
better after four repetitions in the control group. This 
was in contrast to the experimental group, which tended 
to show a worsening of parameters after four repetitions 
(Figure 2). A similar tendency was observed for total error 
duration (Figure 3). 

Exercise has an influence on human visuomotor 
processing and results of several studies indicate that the 
motor learning process can be facilitated. For instance, 
Statton et al. [20] investigated the effects of acute bouts 
of moderate intensity aerobic exercise on the acquisition 
and retention of a new motor skill (i.e., a sequential 
visual isometric pinch task). The investigators found that 
aerobic exercise led to significantly greater performance 
on the motor skill learning, but no effects on results of a 
retention test. Perini et al. [22] demonstrated that aerobic 
exercise can enhance the ability of young adults male to 
acquire skills during an orientation discrimination task that 
involved primary visual cortex activity, and also during a 
simple thumb abduction motor task that relies on primary 
motor cortex activity. In light of these results, the authors 
suggested that moderate intensity exercise can enhance 
brain plasticity. There is also evidence that brain-derived 
neurotrophic factor (BDNF) moderates the effects of 
physical activity on the resultant cognitive and neuroplastic 
changes [26]. Furthermore, various experimental studies 
have concluded that acute and long-term participation 
in moderate-intensity exercise can enhance working 
memory, short- and long-term memory, and executive 
function [18, 19, 27], which can promote motor learning 
effects. It is generally confirmed that exercise at higher 
intensities results in greater elevations in catecholamines, 
which cause significant effects on attentional, perceptual, 
and working memory processing by increasing neural 
blood-glucose levels [28]. Specifically, enhances were 
noted in noradrenaline-modulated cortical processing, 
which has a crucial influence on physiological arousal, 
cognition, and attention [16, 29, 30]. 

Relevant to our results, several experimental studies 
applied visuomotor tasks that require tracking patterns 
presented on a screen and did not find improved learning 
and retention of motor accuracy after moderate and 
intensity exercise. For example, in Snow et al. [31], 
participants completed a procedure that included aerobic 
exercise followed immediately by practice with a novel 
tracking motor task. Exercise consisted of 30 minutes of 
continuous cycling at 60% peak O2 uptake. There were 
no differences in visuomotor skill acquisition between 
rest and after exercise (p = 0.066), and for retention test 

(p = 0.761) that occurred 24 hours after the intervention. 
Similarly, Singh et al. [32] used a moderate-intensity 
exercise protocol to assess response time during a bimanual 
task and did not obtain any significant differences between 
the exercise and control groups. A recent study by Stranda 
et al. [33] found no effects of moderate-intensity aerobic 
exercise (i.e., 65 % HRmax) conducted before each 
practice trial (3x/ week for 4 weeks) on speed and accuracy 
parameters in a novel keyboard typing task. Similar to 
our procedure, the experiments include both an exercise 
and a non-exercise resting control group. All participants 
in the Standa et al. [33] study showed an improvement 
in both speed and accuracy during the keyboard typing 
task. However, the range of improvement on both speed 
and accuracy task parameters did not significantly differ 
between the exercise and control groups in the retention 
test.

In our opinion, it is possible that intensity is a key 
modulator of the effects of exercise on changes in complex 
VMA. Moreover, we argue that the learning of more 
complex coordination tasks are not facilitated by high 
intensity exercise-induced fatigue [28]. For example, Hu 
et al. [34] investigated the effects of muscle fatigue (i.e., 
continuous submaximal pinch strength) on coordination 
of force directions during precision grip. Muscle fatigue 
interfered with grasping stability by decreasing the 
average coordination angle across the thumb and index 
finger, and by reducing the projection angle of the index 
finger in the ipsilateral hand. Moreover, fatigue may 
influence sensorimotor integration, thereby causing a 
reduction in movement precision [35]. Due to fatigue, 
the central nervous system may not adapt to the altered 
relation between neural output and sensory feedback. 
In our study, this lack of adaptation may have led to the 
observed variation in the experimental and control groups 
during the T4 task, wherein the experimental group 

performed effort above lactate threshold (i.e., 80% V
O2max). Previous results from electrophysiology studies 
indicate that exercise-induced fatigue can affect different 
stages of information processing, i.e. sensory, central, and 
effector [25, 36, 37].

Conclusions
Results of the present study suggest that high 

intensity exercise can disrupt visuomotor processing 
during complex skill acquisition. This observation has 
important implications for the methodological approach 
of a physical education study program. These findings 
highlight the interplay between exercise intensity and 
motor control and learning, which in turn, has practical 
implications for developing and improving motor training 
and physical education programs.
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