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Abstract

Background: A quiet eye is the final fixation or tracking before moving on, which requires concentration and attention, and is an
effective way of teaching interceptive tasks.
Methods: In the current semi-experimental study, 20 volunteer female students from a volleyball center of Shiraz District 1 (mean
age = 12.10, SD = 0.718) were selected as the participants from February 2017 to February 2018. After taking the pre-test, they were
randomly divided into two groups of 10 (technical training and quiet eye training). The intended task was to receive volleyball serve
with the forearm from three receiving areas of the mini-volleyball court. To measure the accuracy of the volleyball serve reception,
a volleyball Serve Reception Test by forearm was used in mini-volleyball court. Ergoneers eye tracking (EET) was used to record the
visual data. After the pre-test, the participants took part in 9 separate training sessions three sessions a week, and 48 hours after the
last training session, the first retention test and one month later the second retention test was performed. Data were analyzed by 2
× 3 mixed analysis of variance (ANOVA) of quiet eye duration and performance, using SPSS software at a significant level of P≤0.05.
Results: The results showed that the mean performance of the quiet eye training group increased from 4.30 ± 1.76 in pre-test to 11
± 1.76 in the first retention and 12 ± 2 in long-term retention in comparison to the technical training group (P = 0.007). However,
there was no significant difference between the mean quiet eye duration of the quiet eye and technical training groups (P = 0.512).
Conclusions: It seems that quiet eye training has a significant effect on the long-term learning of beginners compared to technical
training, but it does not have a significant difference in the duration of beginners’ quiet eye compared to technical training.
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1. Background

Quiet eye (QE) is a strong component of perceptual
mastery, and is a sign of a specific behavior of the gaze be-
fore moving on, and it is shown as a feature of skill and
expertise in the interceptive timing tasks, such as volley-
ball and badminton serve reception and football goalkeep-
ing, and targeting tasks, which occur as the final fixation
or tracking gaze that is located on a specific location or ob-
ject in the task space within 3 degrees of visual angle (or
less) for a minimum of 100 ms (1). Conceptually, the quiet
eye represents the time required for organizing neural net-
works and visual parameters responsible for directing and
controlling visual attention (2). During this period, sen-
sory information is combined with the pre-program and
controls the appropriate movement response online (3).

Regarding the inhibition hypothesis, the quiet eye’s
longer duration, by the need to inhibit excessive move-

ment changes in skilled individuals, causes optimal
changes during preparation as well as during movement
(4). Quiet eye training includes two components of ex-
ternal attention training and visual feedback in action
(5). In addition, the external attention with respect to
the constrained action allows automatic control of the
motor system and subsequently, increases the effective-
ness of the movements (6). Despite numerous studies on
the effectiveness of the focus of attention, some studies
have shown that visual information can moderate the
benefits of external attention (7); however, other studies
have suggested that the benefits of external attention are
independent of the vision (8-11).

The benefits of training and quiet eye training in chil-
dren are shown in many studies. In 2014, a study by Miles
and his colleagues on throwing and catching in children
showed that the extended pre-throw QE fixation on the
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wall provided the information to prepare the intercep-
tion attempt (12). In a study conducted by Miles, Wood,
Wine, Vickers, and Wilson in 2015 on throwing and catch-
ing through two types of technical and QE training on chil-
dren aged 10 - 8, in addition to showing that the duration
of the QE training group was longer and faster than the
technical training group, the improvement in the perfor-
mance of the QE group was comparable to the technical
group in both tests; the first and second retention, follow-
ing 6 weeks of no training (3).

The observed effect of quiet eye training interventions
on skilled and nearly-skilled individuals in several stud-
ies, including volleyball (5), basketball (13), and shooting
(14) indicates an increase in the QE duration in skilled and
nearly-skilled individuals. Also, the effectiveness of atten-
tion focus expressed by the duration of a longer quiet eye
with a better performance and longer duration of quiet eye
in the retention and transference tests through the use of
training interventions in beginner subjects was shown in
the studies of Vine et al. (15) and Moore et al. (16). Nev-
ertheless, a study was conducted by Klostersmann in 2018
on a non-dominant underhand throwing in two groups
of blocked and random training with QE training, which
both groups showed superior performance in post-test
and retention test when compared to pre-test and longer
QE duration in post-test when compared to the pre-test.
However, the QE duration dropped to baseline values at re-
tention (17).

Despite numerous studies on the effectiveness and ef-
ficacy of quiet eye training, few studies have looked at the
effectiveness of quiet eye training interceptive skills as well
as specialized sports skills in children. Therefore, it is nec-
essary to investigate how quiet eye training affects the per-
formance and learning of children at this age in special-
ized and interceptive exercise.

2. Methods

The sample size of this study was determined based on
optimal sample size calculations (ƒ = 0.25, 1 - β = 0.90, α =
0.05 (18), a sample of 20 female students of a volleyball cen-
ter in Shiraz District 1 (12.10 age mean, SD = 0.718) enrolled
from February 2017 to February 2018. All participants were
physically and mentally healthy and right-handed and had
a natural vision (20/20), and well-trained in the forearm
and claw skills, but were beginners in volleyball serve re-
ception the forearm and sending it to the passor.

All the participants received 20 volleyball services as
test terms. We applied some criteria such as the age range
(10 to 12 years), normal vision based on Snellen test of sight,
get score below 40% as the inclusion criteria. We also ex-
cluded any participant who did not normal vision, and

earned a score of over 40% in service receiving skill. The
informed consent form was received from them and their
parents. In the study, the task was to receive volleyball
serves conducted in a standard mini-volleyball court with
a length of 12 and a width of 6 meters and a net of 2 meters
in height (19). To measure the accuracy of volleyball serve
reception skill, the volleyball serve reception test was used.
This test included receiving 20 volleyball serves with fore-
arm (10 simple serves and 10 smash serves) in the three des-
ignated areas (1-3-4) of the mini-volleyball court and send-
ing it to the passor area, which the accuracy of volleyball
serve reception and sending it was reported as a percent-
age of the total 20 received serves in the pre-test and the
first retention and long-term retention tests.

In 2017, the reliability of this test was evaluated by the
researcher with a test-retest (P < 0.05, r = 0.71, n = 10) and
its validity was assessed by comparing the advanced and
beginner groups (P = 0.001, t = 5.81, df = 18). Also, the QE
duration of subjects in the pre-test and first and second
retention tests was measured using Ergoneer Eye Tracking
(Dekablis professional wireless of the Ergoneers company
of Germany), which recorded gaze at every moment at a
frequency of 6 Htz. The system included glasses equipped
with a camera and a portable recorder. The data achieved
were transmitted through a wireless system to a computer
via a videotape to the computer, and Dlab software and the
manufacturer’s information processing system were used
to record eye movements and changes. Also, a high-speed
camera from the side view was used to record the move-
ments of subjects and adapt it to eye cameras to calculate
QE in all three tests. The first move of the foot of the ser-
vice recipient at the moment of movement to receive the
served ball was considered the quiet eye duration (QE).

For all serves to be identical in both groups, the ball
flight time was calculated in all tests (pre-test and first and
second retention tests) and all were reported to be simi-
lar (P = 0.873). After pre-test, the samples were allocated
numbers from one to twenty, then 10 numbers were ran-
domly selected and assigned to the technical group and
the remaining ten numbers were assigned to the quiet eye
group. Then the volleyball serve reception skill with fore-
arm was taught with video by a skilled player accompanied
by a verbal instruction to both groups; the instruction of
the technical training group was based on standard train-
ing and movement were taught to the subjects to learn the
volleyball serve reception skill. On the other hand, the QE
training group, in addition to the standard training of the
volleyball serve reception skill, was taught (visual) gaze be-
havior in three phases of volleyball serve reception with
forearm to optimize the fixation, tracking, and control of
the ball.

Both groups participated in nine sessions of 90 min-
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utes, and in each session, each participant performed 5
blocks of 10 attempts to receive volleyball serve with a 2-
minute rest interval after each block. In the technical train-
ing group, the receptions were done in a different direc-
tion and distance from the net (near, far) on the opposite
court. The training was first performed in a blocked man-
ner and then performed randomly; on the other hand, the
quiet eye group training was performed based on Vickers’
7 steps of QE training (1), as follows:

1- In the first step, the skilled sample’s eye pattern in-
formation was defined; it emphasized eye fixation on the
server’s point of contact of the hand with the ball and then
tracking the ball from the start of the ball flight until it was
about 2 meters in front of the receiver and then retaining
the eye in the front zone of the court and not distracting it
until the ball reached the passor area.

2- In the second step, the participants’ point or gaze
behavior was recorded by eye tracking in 20 pre-test serve
receptions to provide visual feedback in practice and com-
pare it with the skilled sample eye pattern.

3- In the third step, the QE group was trained by skilled
individual’s performing film, as well as skilled sample eye
pattern film, to control the gaze behavior, which was based
on the movement information and eye pattern mentioned
in the first step.

4- In the fourth step, the subjects’ QE visual informa-
tion into practice in the second step was compared to the
skilled individual’s QE using two side-by-side QE videos,
and questions about the location and duration of the QE
that tracked the ball before the first step to receive the ser-
vice and their differences were asked from the subjects.

5- In the fifth step, drawing on decision-making train-
ing, subjects were asked which one of the features of the
QE eye pattern in the first step would like to improve.

6- In the sixth step, the volleyball serve reception train-
ing sessions were performed in different forms and dis-
tances first in a blocked and then random manner. These
exercises were designed to improve early recognition and
detection of the ball at the moment of serve and track,
which included:

I- Tracking the return of the tennis ball thrown onto the
wall and receiving it with a forearm from a distance of 2
meters from the wall to increase focus and visual attention.

II- Tracking and calling out and receiving mini volley-
ball ball on which numbers 1 to 20 were written and ini-
tially served from a distance of 2 meters and then 4 and 6
meters from the net on the opposite court.

III- Tracking and calling out and receiving the ball was
served from behind a barrier.

IV- Tracking and calling out the numbers written on the
ball and receive it after the voice of the coach’s whistle and
full body rotation.

V-. Receiving the serve with forearm along with calling
out the numbers on the ball with a loud voice and fit and
proper guard on the court and sending it to the passor.

7- In the seventh step, QE was evaluated during all the
sessions as competitively. Then by QE evaluation in the first
and second retentions, the QE test was continuously evalu-
ated.

Descriptive statistics were used to analyze the mean,
standard deviation, and data distribution. The Shapiro-
Wilk test was used to determine the normality of the data.
Leven’s test was used to examine the homogeneity of vari-
ance.

To analyze the performance of volleyball serve recep-
tion and quiet eye duration, mixed ANOVA 2 × 3 was used
in the pre-test, first-retention, and second-retention stages.
Bonferroni’s post hoc test was used to determine the signif-
icant difference in the stages of the test. Data analysis was
performed using SPSS software (version 23) at a significant
level of P ≤ 0.05.

3. Results

A total of 20 individuals participated in this study, All
of them had a normal vision (20/20). Their mean age was
12.10 ± SD = 0.718, mean height was 155.25 ± SD = 7.887,
mean weight was 48.95 ± SD = 8.846. Regarding indepen-
dent t-test, there was no significant difference between the
two groups in terms of demographic variables age (P = 1),
height (P = 0.493), weight (P = 0.206). All participants were
beginners in the skill of receiving volleyball service. De-
scriptive statistics showed that the mean performance of
the quiet eye group increased from 4.30 ± 1.76 in pre-test
to 11 ± 1.76 in first retention and 12 ± 2 in long-term reten-
tion rather than technical training group (pre-test = 4.20
± 2.3, first retention = 8.50 ± 2.27, long term retention =
8.60 ± 2.83) (Figure 1). Also, the normal distribution of the
two variables of performance and the duration of quiet eye
were proved in the two groups of technical and quiet eye
by the Shapiro-Wilk test (P ≥ 0.05). Moreover, in leven’s
statistics, the homogeneity of variances was established in
the two groups based on mentioned variables (P ≥ 0.05).

Based on the results of 2 × 3 mixed ANOVA test, the re-
sults of the performance of the volleyball serve reception
showed that assumption of Mauchly’s test of sphericity is
established (P = 0.582). The results showed that the main
effect of the performance test on volleyball serve reception
is significant (F(2, 36) = 56.27, P = 0.001, η2p = 0.758). The re-
sults of paired comparison of Bonferron’s post hoc test in
the technical group from pre-test to the first retention (P =
0.007) and the quiet eye group (P = 0.001) showed a signif-
icant increase in the performance of serve reception; and
from the pre-test to the second retention in the technical
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Figure 1. Mean and standard deviation (SD) of volleyball serve reception in the two groups of technical and quiet eye training are shown

group (P = 0.006) and in the quiet eye (P = 0.001) showed a
significant increase; and from the first retention to the sec-
ond retention in the technical group (P = 1) and the quiet
eye group (P = 0.612) the difference was not significant. The
main effect of the group performance on serve reception
showed a significant difference between the groups (F(1.18)
= 9.359, p = 0.007, η2p = 0.342). Also, the interactive effect
of the group and the performance test on serve reception
was significant (F (2.36) = 3.658, P = 0.036, η2p = 0.169).

Furthermore, descriptive statistics showed that there
was no difference between mean quiet eye duration of the
quiet eye training group with mean quiet eye duration of
the quiet eye training group with 414.62 ± 67.68 in pre-
test, 539.3 ± 25.36 in the first retention, 475.77 ± 35.58 in
long-term retention and the technical group with 399.95±
24.376 in pre-test, 549.12 ± 35.29 in the first retention and
461.75 ± 35.68 in long-retention) (Figure 2). Also, the re-
sults of 2× 3 mixed ANOVA test of the duration of quiet eye
showed that the assumption of Mauchly’s test of spheric-
ity was proven (P = 0.319). The main effect of the test on the
duration of quiet eye was significant (F(2.36) = 53.386, P =
0.001, η2p = 0.748).

The results of paired comparison of Bonferroni’s post
hoc test showed that the duration of quiet eye in the tech-
nical group (P = 0.001) and in the quiet eye group (P =
0.001) increased significantly from the pre-test to the first
retention, and there was a significant decrease in its level
in both technical (P = 0.003) and quiet eye group (P =
0.001). The duration of the quiet eye also decreased from
pre-test to the second retention in the technical group (P

= 0.007) and in the quiet eye group (P = 0.139); however,
none of the main effects of the group (F(1,18) = 0.449, P =
0.512, η2p = 0.024,), and the interactive effect of the group
and the duration of quiet eye did not show a significant dif-
ference (F(2,36) = 0.566, P = 0.573, η2p = 0.030) (Figure 2).

4. Discussion

The purpose of this study was to investigate the effect
of quiet eye and technical training on the duration of QE
and long-term learning of volleyball serve reception in the
beginning children aged 10 to 12 years old. The results
showed improvement in the performance of both techni-
cal and quiet eye groups from pre-test to the first and sec-
ond retention. Also, the performance of the two groups did
not show a significant difference in the first and second re-
tention tests. Generally, the performance of the serve re-
ception in the quiet eye group in the first and second re-
tention was significantly better than the technical train-
ing group, which is in line with the research conducted by
Vickers, Miles, Wine, and Wilson in 2015 on training inter-
ceptive and targeting throwing and catching in children
(3).

Regarding the dual components of quiet eye training
(5), and according to the available evidence of the effect of
external attention training on motor learning of specific
groups, including children aged 9 - 12 (20), the results of
the present study support Wolf and McNevin’s constrained
action hypothesis that predicts performance in the exter-
nal attention condition reduces conscious intervention in
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Figure 2. Mean and standard deviation (SD) of the duration of quiet eye in the volleyball serve reception in the two groups of technical and quiet eyes training are shown

controlling the coordination of movement and leads to in-
creased learning and performance (21).

The second goal of the study was to investigate changes
in the duration quiet eye in volleyball serve reception
skill, which showed that the duration of the quiet eye
in both technical and quiet eye groups significantly in-
creased from pre-test to retention phases. However, it was
not maintained from the first retention in the second, and
the increase in the duration of quiet eye in the first reten-
tion in both technical and quiet eye group did not differ
significantly from each other.

To interpret this issue, it can be advocated that in both
groups, taking directions and controlling the gaze and at-
tention as hidden learning occurs along with skill learn-
ing, and there is no difference between the duration of
quiet eye in the two groups. On the other hand, according
to the Clustersman inhibition theory (4, 22), which states
that the longer duration of quiet eye, owing to the need to
inhibit excessive movement changes in skilled individuals,
and owing to the extended task-solution space created by
the training, leads to optimal changes and choices and pre-
vents undesirable selection during preparation and mo-
tion performance in the skilled individuals (4); so it seems
that most likely the effect of a quiet eye period is related
to the individuals’ level of skill (23). Nevertheless, the sub-
jects were beginners in this study.

From the results of this study, it is concluded that vol-
leyball serve reception skill and its purposeful sending to
the passor is a perceptual-motor skill that requires high
levels of cognitive skills such as attention, concentration,
pattern recognition, prediction and decision making, find-

ing perceptual-cognitive training methods and decision-
making training, of which the quiet eye training can play
a positive role in improving learning and preserving it in
long-term memory.

Considering the overall results of this research, the
present study provides some useful information regard-
ing the effect of perceptual-motor training on cognitive en-
richment and the use of decision-making training relative
to simply behavioral training, in order to accelerate the
learning of skills and, moreover, to consolidate this learn-
ing in long-term memory.

4.1. Limitations

Nutrition, rest, mental conditions and other physi-
cal, mental, and perceptual-cognitive activities of children
were factors that could not be controlled in this research.

4.2. Recommendations

Based on the current conditions of the schools and
gyms in the country, it is recommended that a study
should be carried out with three groups, in which in addi-
tion to the two groups of technical and quiet eye, a group
is added to carry out volleyball serve reception training
solely through external attention focus training and exer-
cises, without an eye tracker and visual feedback device, to
differentiate it from the QE training group in order to gen-
eralize its results to schools and sports centers in the coun-
try.
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4.3. Conclusions

According to the results of this study, there was no
difference between the QE and technical training in the
beginners in terms of the duration of quiet eye in both
groups, and the gaze behavior (prolonging the duration of
the quiet eye) in the course of learning skills, as the implicit
learning occurred in both groups; however, the skill per-
formance of the quiet eye group was significantly different
from that of the technical group, which owing to the sub-
jects’ beginning level and the task difficulty, it can be at-
tributed to the external attention focus training relative to
the video visual feedback.
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