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Keywords: Background: The Arousal is one of the psychological factors affecting athletes' performance. The
Arousal, most important theory of the relationship between arousal and performance is the inverted-U theory.
Volleyball serve, Despite research in this area, more research is needed on the effects of arousal on cognitive and motor
Eye Tracking, activities.

Biomechanical Analysis, Aims: The purpose of the present research is to investigate the effect of arousal caused by spectators
Sport Decision Making on the process and outcome of decision mking and volleyball serve performance skill.

Methods: The research method was quasi-experimental and the sampling method was also available
randomly. The population of the study is the volleyball players of Iranian youth and student volleyball
national team. A number of 29 players (Mean age=19.62 £ 2.243 years) participated in this research.
At first, the players filled out the satisfaction form. At first participants performed decision making
test. The decision making task of current study was performance of volleyball serve decision making
under arousal conditions caused by spectators. Participants performed 25 decision making situations
in baseline and spectators arousal conditions. The visual saccade and fixation data recorded by eye
tracker system (Ergoneers Dikablis Eye Tracking System) simultaneously with decision making test
performance. Data analyzed with paired-samples t-test. Then the participants performed the
volleyball serve performance test (Brady volleyball skill test). The instrument used in the study was
high frequency camera Sony cyber shot rx100 iv that used to record the players' performance for
biomechanical analysis of serve performance. The tracker software was used to analyze the video
performance of players' serve skills. The presence of spectators in the test environment was used to
create arousal and also the measurement of athletes' heart rate was used to measure arousal. The
subjects performed 10 services and their biomechanical factors included; distance to line, serve
height, serve distance to line, landing distance to line and ball speed was recorded by camera. To
ensure arousal, their heart rates were measured.

Results: The results of the serve performance t-test showed that the arousal caused by the spectators
has a significant effect on serve height (P=0.033). Also the result indicated that arousal caused by
spectators affected the process and outcome of decision making.

Conclusion: Although the decision-making speed of the players increased under the circumstances
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Introduction

Arousal is one of the emotional factors affecting
athletic performance that without achieving
appropriate levels of it, performance and learning are
difficult (Gill, Williams & Reifsteck, 2017).
Regarding the effect of arousal on people's
performance, theories such as inverted-U theory have
been proposed, which show that by increasing arousal
to a certain level, performance improves, but then
increasing arousal leads to a decrease in performance.
On the other hand, performance evaluation is
performed both through performance measurement
scales (process evaluation) such as: displacement,
speed, acceleration, joint angle and joint torque, and
through performance outcome measurement scales
(result evaluation) such as: time and the error rate
(Magill and Anderson, 2016). On the other hand, one
of these cognitive-perceptual skills in volleyball is
decision making skills (Nuri, Shadmehr, Moghadam
& Ghotbi, 2012). According to classical decision
theory, decision-making involves choosing a string of
actions from a specific class of options with a specific
goal in mind (Gutnik, Hakimzada, Yoskowitz, 2006).
Regarding the effect of spectator-induced arousal on
athletes' performance, research suggests that low
arousal improves control of the production of
isokinetic force of the superior foot in taekwondo
practitioners (Talebi, Naeimi kia & Piri, 2015);
Research has shown that arousal is a source of
decision variability (Degi et al., 2017). The effect of
arousal on the temporal and behavioral patterns of
golf routines has also been confirmed (Van der Lei,
Tenenbaum, & Land, 2016). On the other hand,
motivational music can have a significant effect on
resistance training (Moss, Enright, & Cushman,
2018). On the other hand, warming up with
motivational music has been shown to improve
athletes' motor performance (Belkhir, Rekik,
Chtourou, & Souissi, 2019). But in one previous
study it was shown that arousal had no effect on
spatial memory (Zareian, Razdan & Tahmasebi
borujeni, 2016).

Also, in the field of the effect of arousal on athletes'
decisions, it has been determined that arousal does not
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affect the speed of decision making but affects the
accuracy of decision making (Rezaei, Shahbazi, &
Bagherzadeh, 2013). Castro, Praca and Costa (2016)
examined the behavioral behavior and quality of
volleyball decision-making. It was found that
volleyball players had faster stabilization in attacking
situations and made more correct decisions than
athletes in other disciplines. They take attacking
positions (Castro, Praca and Costa, 2016). Murphy,
Vandekerckhove, & Nieuwenhuis (2014) also found
in a study that arousal is a strong determinant of
perceptual decision variability (Murphy,
Vandekerckhove, & Nieuwenhuis, 2014). And
research has shown that arousal is a source of decision
variability (De Gee, Colizoli, Kloosterman, 2017).
But in one previous study it was shown that arousal
had no effect on spatial memory (Zareian, Razdan &
Tahmasebi borujeni, 2016).

Finally, theories about the effect of arousal on
athletes' performance have been proposed and
research has been done in that direction. Although
current theories and research in this area have
highlighted some questions about the effect of arousal
on athletes' performance remain unanswered; On the
other hand, in most studies, outcome measurement
methods have been used to measure decision making,
and there is a need for more research on the effect of
arousal on the decision process. One of the effective
factors on the motivation of athletes, spectators and
the environment of the match is that considering these
cases, in the present study, the effect of spectator
motivation on the process and the result of decision
making and performance of volleyball serve is
investigated. Eye tracking was used to assess the
decision-making process and decision accuracy and
timing were used to assess decision outcome factors.
Also, to measure the performance process of
volleyball serve, biomechanical factors of serve
performance were used and to measure the result of
volleyball serve performance, serve performance test
score was used.

Method
A) Research plan and participants:

The present study, according to the predicted goals,
was a quasi-experimental research. It is also practical
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in terms of the length of time of the research and in
terms of using the results obtained. The participants
of the study included 29 top right volleyball players
of the national teams of Iranian youth and students
with an average age of 19.62+2.243 who participated
in the study consciously and voluntarily. G-power
software was used to determine the sample size. The
test power was equal to 0.8, the test reliability was
95% and the effect size was equal to 0.5.

B) Tools: The tools used in the present research
included the following:

1-Eye tracking system: The Ergoneers Dikablis Eye
Tracking System, made by the German company,
which records the gaze point at any moment with a
frequency of 60 Hz, was used (Ghotbi varzaneh,
Shahbazi, Arab Amery, & Tahmasebi Broujeni,
2019).

2-Volleyball decision making software: This tool
was used to measure volleyball decision making. The
software was written in the C# programming
language in the Microsoft visual studio 2015
programming environment. The video files used
included 25 video clips from the World Volleyball
League for serve skills. The validity of the instrument
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was determined by 5 volleyball coaches with at least
10 years of coaching experience by the researcher,
whose face validity was 0.84. On the other hand, the
reliability of the instrument was determined by the
test-retest method, the reliability of which was equal
to 0.81 for the speed factor and 0.87 for the accuracy
of the decision accuracy score, which was determined
by the researcher during the thesis.

3-Brady test: Brady volleyball serve test (1968) was
used to evaluate the accuracy. In this test, the serve
reciever stands in front of the marked ground at the
serve position. The subject receives the correct and
legal serve 10 times. So that the ball passes over the
net and lands in the marked area. Balls that hit the net
or off the field have no points. A person's score is
calculated based on the number of times the ball hits
the opposite field. As shown in the figure below, the
bottom of the field has 4 points and the two side areas
have 3 points and the middle of the ground has 1 and
2 points. The sum of the points that a person obtains
in 10 services is his final score in the test (Mojtahedi,
2016). The validity of the test is 0.767 and its
reliability is equal to 0.817 (Kronqvist, Brumbach,
1968).
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In the image below, different areas of the playing
field are marked with cones, and the location of the

Vol. 21, No. 110, Spring(May) 2022

player's performance recording camera is also
indicated in the lower left corner.

4-High frequency camera: To record the serve
execution process, a high frequency camera with
Sony CyberShot Rx100 iv model and frequency of
1000 Hz was used and this camera belonged to the
Movement Behavior Laboratory of the Faculty of
Physical Education and Sports Sciences, University
of Tehran (Huang and Hu, 2007).

C) Introduction of the intervention program:

The kinematic factors of the serve process evaluation
included: distance from the ground to the serve line,
serve height, distance from where the ball hit the hand
to the serve line, distance from the player to the serve
line, ball speed. On the other hand, the criteria for the
optimality of each of the factors are specified. For a
specific length for the distance from the field to the
serve line factor, the lower the value and the closer
the player runs the serve to the line, the better. On the
other hand, the higher the kinematic factor of serve
height, the better. Also, for the factor of the distance
where the ball collides with the serve line, the greater
the distance from the line, and in fact, the more the
player's position is in the ground at the moment of
contact with the ball, the better. The kinematic factor
of the distance from the player's landing point to the
serve line is the result of the distance of the impact
point, and consequently, the more ground it is, the
better. The higher the value of the ball as a kinematic
factor, the better (Dangiari, & Kumar, 2013; Huang
and Hu, 2007; Shangbin, Peiyu, Yu, Yongxin, 2014).
ASUS X-44HR laptop was used to run the kinematic
analysis software of the players' performance videos.
Also, volleyball equipment including ball, net and
playground were used to perform the serve test. Sony
CyberShot Rx100 iv camera, which was 1000 Hz,
was used to record the subject's movement. Finally,
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tracker version software 4.11.0 was used for
kinematic analysis of player serve performance. For
this purpose, first the calibration of distance was
determined based on the dimensions of the earth and
then the kinematic factors of motion including
distances and velocities were calculated (Quintana &
Padullés, 2016).

D) Execution method:

After getting the research ethics code number 69042
from the Institute of Physical Education and Sports
Sciences, the research began. First, the consent form
was completed by the participants, then in the
introductory session, the objectives of the research
were explained. After explaining the exact process of
conducting the research to the participants, they
performed a volleyball decision test without
spectators (natural arousal assessment). The accuracy
and timing scores of individuals as well as their visual
tracking were recorded using the visual tracking
system. Then, with a time interval of 1 day, they
performed decision tests in the arousal conditions
caused by the presence of spectators and the accuracy
score and decision time of individuals as well as their
visual tracking data were recorded using the visual
tracking system. Then, serve performance tests were
performed. After explaining the exact process of
conducting the research to the participants, they
performed 10 services without the presence of
spectators (natural arousal study). The accuracy score
of the serve as well as their performance was recorded
by a high frequency camera. Then, with a time
interval of 1 day, they performed 10 services in
conditions of arousal caused by the presence of
spectators, and the accuracy of the serve as well as
their performance were recorded by the camera.
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Sports spectators were used to motivate. The
spectators in the gymnasium included 10 male
spectators cheering on the players. To ensure that
players are motivated, their heart rate was measured
and it was found that the level of motivation has
increased.

To investigate the kinematic factors of players
'movement during serve execution as process
evaluation criteria, the players' performance video
was analyzed by tracker software. To investigate the
effect of spectator arousal, decision outcome factors
including time and accuracy of decision were
analyzed and then visual tracking data including the
number of saccades and fixations as well as the
duration of fixations during decision tests were
analyzed.

Descriptive statistics such as mean and standard
deviation were used to describe the data. Shapiro-
Wilk test was used to check the normality of the data
and Levin statistic was used to determine the
homogeneity of variances. To determine the effect of
spectator arousal on decision outcome factors
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including time and accuracy of decision making and
also the effect of arousal on visual tracking factors
during decision making tests, correlated t-test was
used. Also, to determine the effect of spectator
arousal on Kkinematic factors as well as the
performance score of the subjects, correlated t-test
was used and to examine the correlation between
process and outcome evaluation factors, Pearson
correlation test was used. The significance level of the
tests was considered equal to (p<0.05). In this study,
data were analyzed using excel 2013 and spss22
software.

Results

After confirming the normality of data distribution
and equality of data variance, paired t-test was used
to investigate the effect of arousal on process and
outcome factors. Table 1 shows the mean and
standard deviation of process and outcome evaluation
factors of volleyball serve decision-making and
performance tests in baseline and arousal conditions.

Table 1. Mean and standard deviation

Variables base Arousal
Mean £ SD Mean + SD
Saccade number 44.08 +11.068 58.24 +17.118

Process factors (eye

Decision making test movements)

Outcome factors

Serve test Process factors

Outcome factors

Fixation number
Fixation time (ms)
Decision making speed (ms)
Decision making accuracy (%)
distance to line (cm)
Serve height (cm)
serve distance to line (cm)
landing distance to line (cm)
Ball speed (km/h)
Serve score

67.20 + 11.927 81.60 + 17.567

848.15 + 53.219 753.64 + 55.965
3003.95 £296.297  2856.06 + 288.040
67.68 + 8.400 55.68 + 9.516
58.054 + 28.863 63.735+24.714
293.618 £ 11.777 298.825 + 14.959
46.529 + 41.849 47.996 + 38.932
121.197 + 44.366 126.170 + 46.808
80.190 + 35.413 69.519 + 12.202
23.21 +4.201 23.86 +5.034

Regarding the effect of spectator arousal on decision-
making process factors including the number of
saccades, number of fixations and duration of
fixations, it was found that spectator arousal had a
significant effect on eye movement factors and it was
found that arousal conditions caused by The presence
of spectators on the number of eye movement
saccades (p <0.001, t = 24.57-777), the number of eye
fixations (p <0.001, t = 24.5-295) and the duration of
visual fixations (p <0.001, t = 247/437) had a
significant effect on the arousal conditions caused by
the presence of spectators during the implementation

of decision-making tests. The results of analysis of
eye movement factors during the implementation of
decision tests showed that the number of visual
saccades in arousal conditions caused by the presence
of spectators (Mean=58.24) has increased compared
to normal arousal conditions (Mean=44.08); On the
other hand, the number of visual fixations has also
increased in the conditions of arousal due to the
presence of spectators (Mean=81.60) compared to
normal arousal conditions (Mean=67.20); Also, the
results showed that the duration of visual stabilization
in arousal conditions due to the presence of spectators
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(Mean= 753/641) has decreased compared to normal
arousal conditions (Mean= 848/153). The results of
statistical analysis showed that the arousal caused by
the presence of spectators increased the number of
saccades and visual stabilization and on the other
hand reduced the duration of visual fixations.

Also in the field of the effect of spectator motivation
on the outcome factors of decision making, after
examining two partial hypotheses on the effect of
spectator motivation on the speed and accuracy of
decision making, the results of paired t-test showed
results in the study of these two factors. Spectator
arousal had a significant effect on decision speed
(p= 0.037, t= 24.300), and spectator arousal
conditions reduced decision time and increased
decision speed. On the other hand, the results of

Vol. 21, No. 110, Spring(May) 2022

statistical analysis showed that there is a significant
difference between the accuracy of decision making
in the two states of normal arousal and arousal due to
spectator presence (p< 0.001, t= 24.739) and arousal
due to spectator presence reduces decision accuracy.
On the other hand, in the field of the effect of arousal
due to spectator presence on process factors of
volleyball serve performance, it was found that
arousal due to spectator presence among
biomechanical factors including: distance from
ground to serve line, distance from ball to serve line,
height Serve was the landing distance to the serve line
and ball speed, only had a significant effect on serve
height (p= 0.033, t= 2.243) and had no significant
effect on other biomechanical factors.

serve height

serve height

base

spectator

Arousal

Figure 2. Serve height chart in arousal and normal conditions

Also, the results of the study of the effect of spectator
arousal on the outcome factor of volleyball serve
performance, which included serve points, showed
that the effect of spectator arousal on serve points did
not have a significant effect.

Conclusion

The aim of this study was to investigate the effect of
spectator arousal on the process and outcome of
decision making and performance of volleyball serve.
Examining the outcome factors, which include the
time and accuracy of the decision, it was found that
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the arousal conditions caused by the presence of
spectators increased the speed of decision and
reduced the accuracy of the decision; In fact, arousal
conditions have led players to move the speed-
accuracy exchange in a direction that increases
decision speed and decreases decision accuracy. In
justifying the obtained results, factors such as: age
difference, skill level, type of skill used and type of
cognitive and motor tasks can be considered. In a
more detailed study of the skill level of the players, it
should be noted that due to the national team of
athletes participating in the forthcoming research, the
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visual strategies of these people compared to
statistical communities with lower skill levels, are
more effective and therefore Skill level as a factor to
justify the heterogeneity of results. In general, the
results of this section showed that the arousal
conditions caused by the presence of the spectator, in
addition to affecting the decision-making process
factors, also affected the decision-making outcome
factors and increased the speed and accuracy of the
decision. In fact, the situation of impotence has led to
a change in the strategy of athletes in the exchange of
speed-accuracy of decision-making and the situation
has progressed in a direction where the speed of
decision-making has increased and the accuracy of
decision-making has decreased. Given that in arousal
conditions, the performance of individuals' decision-
making accuracy has decreased, it is recommended
that coaches combine physical training sessions with
cognitive and mental exercises to be able to make the
right decisions in competitions where the level of
arousal increases. Adopt and implement efficiency
and achieve the desired result. Also, the research
results showed that spinning conditions have an effect
on the height of players 'serve and has increased the
height of players' serve.

Finally, the results of the research showed that the
arousal caused by the presence of the spectator has
increased the height of the players' serve. To justify
this result, it should be noted that according to
inverted-U theory, increasing arousal to a certain
point improves people’'s performance and then
increasing arousal leads to decreased performance
(Magill and Anderson, 2016). Here, the presence of
spectators has increased the motivation of people to
the optimal amount and the performance of people at
the height of serve has improved, and as a result, the
average serve score of players has increased. In fact,
the conditions of arousal created were such that
people did not go beyond the optimal range of arousal
and performance. According to the research results, it
is suggested to use the presence of a sports
psychologist alongside national and club sports teams
to teach players arousal control and relaxation
strategies and to help players in conditions of high
arousal and pressure. To maintain their optimal level
of performance.
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On the other hand, in the present study, the
relationship between process and outcome factors in
decision-making tests and performance of volleyball
serve skills in two conditions of basic arousal and
arousal due to the presence of spectators was
investigated. Examination of the relationship between
process and outcome factors during the
implementation of decision tests showed that there is
no significant relationship between visual tracking
factors including the number of saccades, number of
fixations and duration of visual fixations with speed
and accuracy of decision in basic arousal conditions.
On the other hand, in the level of arousal due to the
presence of spectators, there was a moderate
relationship between the number of saccades and the
number of visual stabilization with decision accuracy,
but considering the significance level of 0.05, this
relationship was not significant. Finally, the study of
the relationship between process factors and decision
outcome during normal arousal conditions and
arousal due to the presence of spectators did not show
a significant relationship. According to the results
obtained in this section, it was found that changes in
decision-making processes do not necessarily lead to
changes in results and no significant relationship is
observed between the process and the result. Of
course, perhaps the reason for this is the high level of
skill of the participants in the research ahead. In fact,
the strategies used by players at high and low skill
levels are different, and athletes with higher skill
levels will use more efficient strategies. As previous
research has shown the superiority of elite to non-elite
athletes (Nazaritab, Zarei, Gharayagh Zandi, Mohebi,
2017; Zarei & Salman, 2018).

On the other hand, the relationship between process
factors and decision outcome was also examined. It
was found that at the level of basic motivation, there
is @ moderate relationship between serve height and
serve score, but at a significance level of 0.05, this
relationship is not significant. Also among other
biomechanical factors include: distance from the
ground to the serve line, serve height, distance from
the ball to the serve line, distance from the landing
point to the serve line and ball speed, with volleyball
serve points during serve performance tests There
was no significant relationship between volleyball
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and basic arousal. Also, at the level of spectator
motivation, there was a significant positive
relationship between ball speed and serve score. On
the other hand, the relationship between other
biomechanical factors including: distance from the
ground to the serve line, serve height, distance from
the point of impact to the serve line, landing distance
to the serve line, with a serve score of 0.05 was not
significant. Finally, the study of the relationship
between process and outcome factors of volleyball
serve performance showed that there is a significant
positive relationship between the speed of the ball and
the serve score in the level of spectator presence.
Comparing the results obtained in the field of
relationship between process and outcome factors of
decision-making skills and performance of volleyball
serve, it was found that there is no significant
relationship between process and outcome factors of
cognitive decision-making skills, while between
process and outcome factors. Volleyball serve
performance showed a significant correlation. The
reason for the difference in the results was the
difference in the skills used, in fact, the decision-
making skill is a cognitive skill and the skill of
performing volleyball serve is a motor skill. Due to
this, it has been found that the relationship between
process and outcome in cognitive and motor skills is
different.
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One of the limitations of this study is the lack of
control over nutritional conditions, sleep of players
and their motivation. On the other hand, due to the
proximity of the national team matches and the fact
that the players were faced with the possibility of
losing the team, the stress caused by this issue was
also a limitation in the players.
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