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ABSTRACT The purpose of this research is to investigate the acute effects of the exercises performed at the
intensity of seventy percent and ninety percent on the performance of hand-eye coordination, and to examine the
relationship between blood lactate level and the performance of hand-eye coordination. Twenty-one male athletes
participated in this paper voluntarily. In the analysis of the data, Paired T- test and Pearson’s Correlation Test were
used. As the result of the statistical analyses, a significant difference was found between the exercises performed at
the intensity of seventy percent and ninety percent during the turning and placement tests (p<0.05). A significant
positive relationship was found between the blood lactate level measured after the exercise performed at the
intensity of ninety percent and the hand-eye coordination (turning test) measured 20 seconds after the measurement
of lactate level (p<0.05). Consequently; it can be stated that the performance of hand-eye coordination during the
exercises with high intensity was affected in a negative way with the increase in lactate; thus, such points should be
taken into consideration while planning the training programs.
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INTRODUCTION

Fatigue is a multi-factorial process that weak-
ens exercises and sports performance (Har-
greaves 2007). It is defined as the impairment
(perceived or real) in mental and physical per-
formances (MacInstosh et al. 2005). It is an ele-
ment that restricts the performance by not only
affecting the motor processes but also the per-
ceptual ones (Thomson et al. 2009). To be able
to understand the cause of fatigue, it is neces-
sary to have the knowledge of energy metabo-
lisms (Fox 2007) and to take into consideration a
number of processes within the central nervous
system (Taylor and Gandevia 2008). In the course
of intensive exercises, such as sprint-type ac-
tivities in which the rate of energy demand is
high, the lactic acid is produced more rapidly
than the rate of its removal from the tissues, and
its density increases as well. When not removed,
however, the lactic acid, by decomposing, trans-
forms into lactate and hydrogen ions. The accu-
mulation of hydrogen ions gives rise to acidosis

within the muscle and causes a sense of fatigue
(Fox 2007). Fatigue progresses during the per-
formance, and the body begins to relax when
the exercise is stopped. At the time of exercis-
ing, fatigue sometimes lead to a decrease in power
or in the measurable maximal voluntary strength,
which totally depends on the intensity of mus-
cular activity. If the exercises performed are sub-
maximal, fatigue occurs without any decrease in
the task performance (Taylor and Gandevia
2008). Along with the increasing intensity of the
exercises, the blood lactate concentration gen-
erally starts to increase rapidly during the exer-
cise protocol (in 50 percent and 70 percent of
the maximal load) (Chmura and Nazar 2010). In a
number of sports branches, such as team sports,
martial arts and racket sports, athletes are ex-
posed to cognitive and physiological loads
(Davranche and Audiffren 2004). Physical activ-
ity, particularly with high intensity, triggers the
development of fatigue symptoms by creating a
negative effect on the homeostatic balance of
the organism (Aslan et al. 2011). Therefore, it is
important to protect and maintain the visual per-
ception for maximal performance during inten-
sive exercises (Ando et al. 2012).

In most of the sports, athletes are supposed
to make quick and accurate decisions despite
their high physical efforts (Delignieres et al.
1994), so they need to possess high visual, cog-
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nitive and perceptual skills in order to be able to
succeed (Ando et al. 2012; Mankowska et al.
2015; Meng et al. 2015). For instance, in sports
like football or basketball, players collect visual
information from around the visual field to see
other players and objects outside the central
visual field (Ando et al. 2012). The visual sys-
tem plays a critical role in sports performance
(Williams et al. 2005; Du Toit et al. 2012), in the
speed and accuracy of reaction time, in reaction
response, and in the initialization ability (Meng
et al. 2015). The visual system varies according
to the environmental demands associated with
sports. These environmental demands are paired
with a task-specific motor reaction (Du Toit et al.
2012). In order to promote sports performance
by developing the visual perception, it is required
that the visual demands in different sports
branches are understood. It should be consid-
ered that the evaluation of the degree of varying
visual parameters can be adapted by coaching
the visual skills (Ellison et al. 2014). The hand-
eye coordination which is one of the visual
skills, and is important for high level sports per-
formance. It plays a pivotal role in many kinds of
sports, especially in ball games which require a
lot of reaching and catching (Ma and Qu 2016).
There have been studies conducted on the im-
portance of hand-eye coordination in several
sports branches such as football (Nagano et al.
2004) and basketball (Tsang et al. 2014). Hand-
eye coordination involves a number of sensorim-
otor systems such as cognitive features includ-
ing visual system, vestibular system, proprio-
ception, eye-head-arm and control systems as
well as attention and memory (Crawford et al.
2004).

Until recently, it has been suggested by
sports psychologists that low and high-intensi-
ty exercises caused poor cognitive performance,
whereas moderately intensive exercises led to
optimal performance in line with the primary con-
ventional hypothesis of Inverted-U Model
(Sabzi et al. 2014) used for identifying the rela-
tionship between stimulation and performance
(Draper et al. 2010). In the literature, some stud-
ies support the Inverted-U hypothesis, while
others do not. In the conducted studies, high-
intensity exercises were reported to have affect-
ed the visual system in a negative way. Ando
(2013) demonstrated that intensive exercises
(those above the respiratory threshold) had
caused negative effects on the performance of

peripheral visual perception. Duncan et al. (2015)
reported that a 40-minute bout of continuous
cognitive activity leading to mental fatigue neg-
atively affect manual dexterity. Thus, when liter-
ature is reviewed, it is seen that the fatigue or
the high-intensity exercises experienced in the
course of competitions/races in particular im-
pair the performance as well as negatively af-
fecting hand-eye coordination, one of the sig-
nificant properties for high-level-sportive per-
formances. The purpose of this paper, however,
is to examine the acute effects of the exercises
performed with a different loading intensity on
the performance of hand-eye coordination and
to analyze the relationship between the blood
lactate level and the hand-eye coordination mea-
sured in the wake of the exercises performed
with a different loading intensity. Separately, this
paper is of significance in terms of including
intensive practices that will allow hand-eye co-
ordination performance to be developed within
the training programs in order to achieve high
level perceptual-cognitive performance in sports.

METHOD

Subjects

Twenty-one male athletes (age: 22.23±1.92
year, height: 179.01±4.37cm, body weight:
73.25±.04 kg) who were the students of the Fac-
ulty of Sport Sciences and who had no sports
injuries or any disabilities in terms of health in
taking part in the exercises participated in the
paper voluntarily. Before starting the measure-
ments, all participants were informed about the
methodological model of the paper and they
signed an informed consent form. One day be-
fore each time frame when the data were collect-
ed, the participants were also informed about
avoiding heavy physical exercises as well as
keeping away from alcohol and caffeine.

Determining the Exercise Intensity (the
Karvonen Method)

The loading intensity of those that took part
in the research was determined according to the
number of their heart rates. The maximal number
of heart rates were calculated through the Kar-
vonen Method, and the loading intensity was
specified as follows;

The Number of Maximal Heart Rates =
Age – 220.

The Number of Target Heart Rate = Exercise
Intensity (percent) x (Number of Maximal Heart
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Rates – Number of Rested Heart Rates) + Num-
ber of Rested Heart Rates (Ozer 2006).

Test Protocol

When the literature was examined, It was
seen that exercises which performed in the tar-
get rate of seventy percent “moderate” and the
exercises performed in in the target rate of nine-
ty percent “high intensity” in papers (Alaei 2015;
Duncan et al. 2016).

Subjects were given 15 minutes to warm up
before each exercise protocol (70 and 90 per-
cent), and then they were subjected to the run-
ning exercise on the treadmill at seventy percent
and ninety percent exercise intensity in accor-
dance with the number of target heart rates cal-
culated through the Karvonen Method. The
changes in the heart rates in the course of the
exercises were followed by means of RS 400-
brand polar watch. The test protocol started on
with the running/foot speed of 5 mph on the
treadmill, and the load was speeded up at 1 mph
at each 30th and 60th seconds since the partici-
pants were asked to attain seventy percent and
ninety percent of the target heart rate, in other
words, the Steady-State mode (Duncan et al.
2013). Subjects continued the exercise for a cer-
tain period in the steady-state mode and ended
later on. At the outset of the exercise and 30
seconds after it ended, the lactate blood levels
of the subjects were measured with the tool
called ‘The Lactate Plus’ (L+, Nova Biomedical,
USA). 20 seconds after the measurement of the
blood lactate levels, two different tests (turning
and placement) were performed on the subjects
by means of the Minnesota Dexterity Test used
for measuring hand-eye coordination (Drid et al.
2010) and the obtained data were recorded on
the SPSS program. The anthropometric measure-
ments along with the entire physical and physi-
ological measurements of the athletes were per-
formed in a quiet and serene environment in the
Laboratory of The Exercise Physiology of the
Faculty of Sports Sciences, Mugla Sitki Koc-
man University. All the data regarding the re-
search were collected during the morning hours
on weekdays when the subjects were available.
The measurements of the paper were completed
in 1 week. The participants were called to visit
the measurement session in groups of five on
different days of the week, and their measure-
ments for seventy percent intensive-exercise

protocol were completed in the first place. After
each subject rested one day and then they par-
ticipated in the ninety percent intensive-exer-
cise protocol.

Data Collection Tools

Body Weight and Height

 While weights were being measured via an
electronic scale of 0.1 gram sensitivity, heights
were measured by means of a digital height-mea-
suring device of  0.01 cm sensitivity (Tamer 2000).

Measurement of Hand-Eye Coordination

 In the measurement of hand-eye coordina-
tion performance, The Minnesota Dexterity Test
was used. This commonly-used test examines
the rapid hand-eye and finger movement capac-
ities. This test was performed on the subjects in
2 different forms as placement and turning tests.
Prior to the start of the measurement process,
the protocol was introduced to the subjects and
the subjects were asked to perform a few prac-
tices on it. The subjects raced against time, and
their performances were recorded via a chronom-
eter in terms of seconds. After this test was per-
formed by the subjects for 3 times, the best score
was recorded for the statistical analysis (Lafay-
ette Instrument 1998).

Lactate Plus (L+, Nova Biomedical, USA)

 This device uses an electrochemical lactate
oxidase biosensor for full blood lactate assay/
measurement. A 0,7 Ll blood sample is required;
the duration of sample analysis is 13 seconds.
No test strips, calibration codes or special cali-
bration strips are required for L+. To ensure an
accurate functioning of the analyzer, the quality
control solution of L+ is used on 2 levels before
the test (level 2: 4, 0-5, 4 mM, level 1: on the level
of 1, 0-1, 6 mM) (Tanner et al. 2010). The blood
lactate measurement was performed by means
of Lactate Plus tool by receiving blood from the
fingertips of the athletes by expert both before
the exercise with seventy percent and ninety
percent intensity and 30 seconds after the exer-
cise was ended. The obtained values were re-
corded in terms of mmol-1.
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Statistics

The statistical calculations were performed
on the SPSS (version 16.0) program. All the vari-
ables were seen to have showed a normal distri-
bution. In order to find out the difference be-
tween the exercises performed at seventy per-
cent and ninety percent intensity in the turning
and placement tests, the Paired t-test was used,
since the data showed a normal distribution; and
also to find the relationship among the variables,
the Pearson’s Correlation test was used. The
significance level was accepted as p<0.05.

RESULTS

As seen in Table 1, a significant difference
was found between the exercises performed at
seventy percent and ninety percent exercise in-
tensity in the turning and placement tests and
also in the lactate value measured 30 seconds
after the exercises were ended (p<0.05). No sig-
nificant difference was found in the resting lac-
tate values (p>0.05).

 As seen in Table 2, no significant relation-
ship was found between the blood lactate levels
measured during the resting period and 30 sec-

onds after the exercise with seventy percent in-
tensity ended and the hand-eye coordination
tests (turning and placement) performed 20 sec-
onds after the blood lactate levels were mea-
sured (p>0.05).

 As seen in Table 3, a significant relationship
in a positive direction was found between the
blood lactate levels measured 30 seconds after
the exercise with ninety percent intensity was
completed and the hand-eye coordination test
(turning) performed 20 seconds after the blood
lactate value was measured (p<0.05).

DISCUSSION

Hand-eye coordination is the one of the im-
portant parameters which involves several sen-
sorimotor (perceptual and motor) systems (Craw-
ford et al. 2004), and important for the perfor-
mances in team sports like handball, basketball
and volleyball along with the individual sports
as well as racket sports (Menevse 2011). Good
hand-eye coordination increases the ability of
the athletes as to perform a complex movement
and to give an effective response towards the

Table 1: Comparing the effects of the exercises performed at 70 percent and 90 percent-intensity on
hand-eye coordination performance

Variables                   Number                X± S.D.     t    p

Turning Test(sec) 70% 21 53.61±4.65 -4.811 .001*

90% 21 59.67±8.38
Placement Test(sec) 70% 21 49.54±5.00 -4.651 .001*

90% 21 53.38±5.46
Resting Lactate(m/mol) 70% 21 1.86±.53 -1.750 .095

90% 21 2.21±.80
Lactate 30 Sec Later (m/mol) 70% 21 9.04±3.31 -2.641 .016*

90% 21 11.30±2.58

*p<0.05

Table 2:  The relationship between the blood lac-
tate levels measured during the resting   period
and after the exercise with 70 percent intensity
and hand-eye coordination

Turning    Place-
test (sec)    ment

test (sec)

Resting Lactate  r -.016 .061
  (m/mol)  p .947 .793
Lactate 30 sec r -.105 .257
  later (m/mol) p .650 .261

Table 3: The relationship between the blood lac-
tate levels measured during the resting period
and after the exercise with 90 percent intensity
and hand-eye coordination

Turning    Place-
test (sec)    ment

test (sec)

Resting Lactate  r .205 .267
  (m/mol) p .372 .243
Lactate 30 Sec Later r .510 .248
  (m/mol) p .018* .278

*p<0.05
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external stimulants as well as to pose a fluent
action/movement (Paul et al. 2011).

The purpose of this paper, however, is to
examine the acute effects of the exercises per-
formed with a different loading intensity on the
performance of hand-eye coordination and to
analyze the relationship between the blood lac-
tate level and the hand-eye coordination mea-
sured in the wake of the exercises performed
with a different loading intensity. In this paper, a
significant difference was found between the
exercises performed with seventy percent and
ninety percent intensity during turning and
placement tests (p<0.05). The hand-eye coordi-
nation proved to be better after the exercises
performed with seventy percent intensity. It was
seen that as the intensity of the exercise in-
creased, the performance of the hand-eye coor-
dination due to fatigue was seen to have been
negatively affected (Table 1). Apart from the fact
that there are limited number of studies in the
literature that investigate the acute effects of
the exercises performed with different intensi-
ties on the hand-eye coordination or on the vi-
sual system, there are no studies investigating
the association between this subject and blood
lactate levels. Duncan et al. (2016) indicated that
perceptual-cognitive performance was deterio-
rated when exercise intensity was high (90%).
Drid et al. (2010) reported that intense exercise
(at 90% workload) affects visual perception ac-
curacy negatively. In a paper, Bard and Fleury
(1978) investigated the effect of the exercise on
the visual capacity when the exercise was per-
formed until one got exhausted on the cycling
ergometer. Consequently, it was reported that
metabolic fatigue had not affected the visual
capacity. Fleury et al. (1981), in a paper they con-
ducted, reported that there was no weakening in
the test performances involving the visual per-
ception tasks of 31 physically fit male individu-
als on the average of MaxVO2 = 62.39 ml.kg (-1)
min (-1) after performing exhausting exercises (on
the treadmill, after VO2 max test).

The measurement of the reaction time has a
significant place in determining the performance
of hand-eye coordination (Menevse 2011). Apart
from the studies that investigate the acute ef-
fect of the exercise on the visual system, there
are also studies found in the literature that have
been conducted on the reaction time, which is
an important parameter for cognitive perfor-
mance. There are, again, studies in the literature

in which acute exercises performed at different
intensities affect the reaction time in a positive
way (Kashihara and Nakahara 2005; Chmura and
Nazar 2010; Draper et al. 2010; Mroczek et al.
2011; Ashnagar et al. 2014), and some other stud-
ies in which they do not cause any impact (Yildiz
2010; Draper et al. 2010) and some others in which
such exercises lead to a negative effect (Senel et
al. 2010). In a conducted paper, Jin et al. (2015)
could not find any significant difference in the
reaction time performance during uncharged/
unloaded pedaling and during the exercises they
performed at different exercise intensities, such
as twenty-five percent, fifty percent, seventy-
five percent and ninety percent, on the cycling
ergometer. The reaction time was reported to
have been at its best with the exercise intensity
of seventy-five percent in the course of the ex-
ercises. Mcmorris and Keen (1994), however,
found that the simple reaction time at the time of
a maximal exercise was significantly slower than
the resting period and the seventy percent exer-
cise intensity. Thomson et al. (2009), on the oth-
er hand, reported that the maximal exercise had
negatively affected the speed and accuracy of
the decision-making process based on percep-
tual-cognitive tasks. Brisswalter et al. (2002) and
Tomporowski (2003), in the studies they con-
ducted, reported that the aerobic-style, that is,
the steady-state exercises performed at moder-
ate intensity increased the cognitive reaction
rate (speed) but did not change the rates of mis-
takes/errors; whereas, they determined that the
change in these parameters was less prominent
after performing high-intensity-exercises. Mekari
et al. (2015) reported that the exercises at high
intensity (85% of the peak power output) had
affected the reaction time in a negative way when
compared with those performed at low intensity
(40 percent of the peak power output), which
was also associated with the low oxygenation
of the brain within the prefrontal cortex. In the
paper conducted, Chmura and Nazar (2010) stat-
ed that during the exercises, the reaction time
had shortened at the time of the psychomotor
fatigue threshold (the running rate was 15.8±0.17
km/h, while the maximal speed was 87 percent,
and the starting point of blood lactate accumu-
lation was 9.2 percent), and that the reaction
time was disrupted as the intensity of the exer-
cise increased (running rate) towards the end of
the exercise.

It was also pointed out that although the
aerobic exercise at 70 percent intensity had el-
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evated the blood lactate level, it remained too
insufficient to affect the performance of hand-
eye coordination in a significant way. Besides,
there was a significantly positive relationship
found between the blood lactate level measured
in the wake of the exercise with 90 percent inten-
sity and the hand-eye coordination measured
20 seconds after the measurement of the lactate
levels (p<0.05) (Tables 2 and 3). In this paper,
the blood-lactate level was taken as the fatigue
criterion. Zwierko et al. (2008) reported that the
blood lactate level measured 4 minutes after the
specific anaerobic (10X30m, at 20 sec-intervals)
test that caused the occurrence of fatigue had
risen from 2.04±0.48 up to 12.04±2.42, and that
there was a relationship between the blood lac-
tate level and the peripheral perception. Chmura
et al. (1994), on the other hand, performed a multi-
cycling ergometer test on their 22 football play-
ers whose work load increased by 50W until
they got exhausted. Compared to the resting
moment, the optional reaction time during the
exercises performed at moderate intensity
proved to be better. Exercise sessions comprise
the exercises at the increasing intensity of 3 min-
utes as well as a 1-minute-resting time after each
3-minute-exercise. The reaction periods of the
subjects extended during the final load (approx-
imately 300W). While the blood lactate level
during the best reaction time was 5 mmol, it
proved to be 10 mmol during the final exercise
session. The best reaction time (the exercise
performed at 75 percent of the physical work
capacity) was reported to have been measured
at the time of the lactate threshold or at the time
close to the lactate threshold.

CONCLUSION

In conclusion, it was concluded that although
the exercise at seventy percent intensity elevat-
ed the blood lactate level, it still remained too
insufficient to affect the performance of the hand-
eye coordination in a significant way, in addi-
tion to which the performance of hand-eye co-
ordination was affected negatively along with
the lactate increase during the exercises at nine-
ty percent intensity.

RECOMMENDATIONS

It is assumed that after the necessary adap-
tation of athletes to the activities at high inten-

sity has been maintained, it will be beneficial if
coaches take the exercise-intensity factor into
consideration while planning exercises that im-
prove the visual system. By allowing athletes to
perform trainings on lactate threshold, their tol-
erance to lactate should be improved and their
adaptation to the intensity of the exercise should
be ensured. It is recommended carried out com-
prehensive studies on elite athletes in different
sports as compared with having low fitness
groups.
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