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Abstract

One characteristic of perceptual expertise in sport and other
domains is known as ‘the quiet eye’, which assumes that fixated
information is processed during gaze stability and insufficient
spatial information leads to a decrease in performance. The aims
of this study were a) replicating inter- and intra-group variability
and b) investigating the extent to which quiet eye supports in-
formation pick-up of varying fields of vision (i.e., central versus
peripheral) using a specific eye-tracking paradigm to compare
different skill levels in a dart throwing task. Differences be-
tween skill levels were replicated at baseline, but no significant
differences in throwing performance were revealed among the
visual occlusion conditions. Findings are generally in line with
the association between quiet eye duration and aiming perform-
ance, but raise questions regarding the relevance of central
vision information pick-up for the quiet eye.

Key words: Perception, expertise, information-processing, eye-
tracking.

Introduction

Over the last four decades, considerable evidence has
amassed regarding the importance of perceptual expertise
in elite sports (Abernethy et al., 2007; Hodges et al.,
2006; Mann et al., 2007). Among the characteristics of
skill performers is the duration of the ‘quiet eye’ period,
which is assumed to reflect the time needed to cognitively
process the information being fixated (Vickers, 2009).
This visual-motor phenomenon is associated with better
performance in many sports (for an overview, see Vickers
2007). In this study, we investigated the extent to which
different components of the visual field, differentiated by
central and peripheral vision, affect this visual-motor
control. We used a contingent-change display paradigm
(McConkie and Rayner, 1975), as proposed by Abernethy
(1988), to differentiate between central (foveal and para-
foveal) and peripheral contributions to skilled perception
in sport.

The quiet eye is operationally defined as the final
fixation or tracking gaze located on a specific location or
object in the visual-motor workspace within 3° of visual
angle for a minimum of 100 ms. Moreover, the onset of
the quiet eye occurs prior to the final movement in the
task and the offset occurs when the gaze deviates from the
object or location by more than 3° of visual angle for a
minimum of 100 ms (Vickers, 2007).

This phenomenon is associated with superior per-
formance in a variety of different sports, especially aim-

ing tasks (for an overview, see Vickers, 2007), and effects
have been considered from both an inter- and intra-group
variability perspectives (Mann et al., 2011). From an
inter-group perspective, more skilled athletes seem to
have longer quiet eye duration and an earlier onset of the
final fixation during the initiation of the motor response
(e.g., Causer et al., 2010; Harle and Vickers, 2001; Janelle
et al., 2000; Panchuk and Vickers, 2006; Vickers, 1996;
Vickers and Williams, 2007; Williams et al., 2002), while
from an intra-group perspective, the association between
quiet eye duration and throwing performance shows long-
er and better timed durations for hits compared to misses
(e.g., Harle and Vickers, 2001; Janelle et al., 2000;
Vickers, 1996; Vickers and Adolphe, 1997).

Nevertheless, there are some contradictory findings
within the literature regarding the quiet eye phenomenon.
For example, de Oliveira et al. (2006; 2008), based on the
findings of Oudejans et al. (2002), disproved the unre-
stricted importance of an early onset and length of the
final fixation. They used temporal occlusion techniques
with a basketball free throw shooting task and their results
suggested performance accuracy was equally high when
target visibility was only given during the final 350-450
ms of the shooting action, generally contradicting the
theoretical underpinnings of the quiet eye phenomenon.
Glockner et al. (2012) criticized the supposed sole impor-
tance of the quiet eye period. In an experimental setting
predicting handball playmakers’ choices and success, they
demonstrated that shifts of attention over time need to be
acknowledged and not only isolated fixations. The quiet
eye is denoted as the “last piece of visual information”,
and only analyzing this period was insufficient.

While studies critical of the quiet eye are helpful
for extending our understanding of the phenomenon, the
robustness of the value of quiet eye is impressive. A re-
cent meta-analysis of 30 years of research Mann and
colleagues (2007) noted quiet eye duration as one of three
predictors of perceptual-motor expertise (along with spe-
cific fixation location and low frequency of fixations),
reinforcing that quiet eye is associated with optimal per-
ceptual motor coordination (see also Vickers, 2007;
Williams et al., 2002).

Despite the noticeable body of literature concern-
ing the phenomenon, the underlying mechanisms respon-
sible for the consistent expertise and performance differ-
ences in this perceptual skill are unclear. For instance, it is
assumed that the quiet eye reflects a period of processing
of force and direction components relevant for the spe-
cific task (Vickers, 2007). The timing of the quiet eye
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period is important (Vickers et al., 2000) and an optimal
quiet eye period should help direct attention to the target
and protect from distractions (e.g., Wilson and Pearcy,
2009). Thus, quantity and quality of information pick-up
during the quiet eye period is seen as critical for pro-
gramming movement parameters and environmental cues
and synchronizing motor strategies (i.e. ‘response pro-
gramming’); for example, Williams and colleagues (2002)
used billiard tasks with different levels of complexity to
show that more complex motor responses required longer
pre-programming time. Besides its optimal length, an
additional characteristic of the quiet eye period is its loca-
tion on the target (Harle and Vickers, 2001; Vickers,
1996). Here, directing the gaze to a single target location
is important, as demonstrated for basketball free throw
shooting (Harle and Vickers, 2001), although it does not
seem to matter which target location is fixated (most
shooters fixate the front of the hoop, followed by back
center or middle of the hoop, as demonstrated by Harle
and Vickers (2001)) as long as there is only one target
location in gaze and attention (Vickers, 2007). Elite play-
ers fixate a narrower target area while less-skilled players
let their gaze wander to several locations (Vickers, 2007).
Thus, it seems that not only is the information picked-up
critical (i.e. for response programming), but a stable quiet
eye may help to increase postural stability which may be
important for aiming tasks (i.e., a general quiescence of
the psychomotor system, as proposed as mechanism by
Vine et al. (2011)).

In accordance with these assumptions, Vickers
(2009) postulated that the quiet eye period represents the
time needed to cognitively process the information being
fixated or tracked, as an indicator of optimal focus and
attention. Moreover, experts control their gaze to acquire
the optimal spatial information, thus allowing the neural
structures to organize the underlying action optimally.
When this spatial information is insufficient or incom-
plete, action is only partially organized and performance
suffers (Vickers, 2011). The sole quiet eye study investi-
gating this issue was conducted by Panchuk and Vickers
(2009) using an in situ spatial occlusion paradigm for the
interceptive task of ice hockey goaltending, occluding
different shooter’s body parts, stick-puck interface or all
but the puck flight (Panchuk and Vickers, 2009). The aim
of their study was to examine whether the underlying
control strategy was predictive or prospective. A predic-
tive control strategy assumes response selection is based
on advanced information and movement is executed
without modification, while a prospective control strategy
supposes that the movement response is continuously
specified until the point of interception. Results revealed
significant performance decreases by masking critical
areas (e.g., stick-puck interface). Furthermore, the highest
percentage of fixations was located on the stick and puck
as the shot was executed. Generally, the period of quiet
eye was affected by spatial occlusion conditions and the
authors assumed a predictive rather than a prospective
control strategy in such rapid interceptive tasks.

A related issue in this context is the role of varying
sources of visual information to the quiet eye. Panchuk
and Vickers (2009) suggested that determining the extent

to which participants picked-up peripheral target informa-
tion was not possible because the eye-tracking technology
is limited to measuring foveal vision. The general superi-
ority of expert’s peripheral perception is well assumed
(for an overview, see Williams at al., 1999), but to our
knowledge nothing is known about the role of peripheral
information pick-up during the quiet eye period. If only
fixated information is critical, as explicitly postulated by
Vickers (2009), there is no rationale why information
obtained from peripheral vision should be helpful during
the period of quiet eye. Further, ecological paradigms are
required for a deeper understanding of the influence of
central and peripheral picked-up information in combina-
tion with eye-tracking (Williams and Ericsson, 2005;
Williams and Ward, 2007). One methodological approach
to study this is the contingent-change display paradigm
(Abernethy, 1988; McConkie and Rayner, 1975), which
was originally used in reading research (for a review, see
Rayner, 1998). It involves changing the visual display in
accordance to the participants’ eye-movements so that
there is a limited field of vision (i.e., only where the par-
ticipants are fixating) with the rest of the display oc-
cluded. Thus, the field of vision moves according to the
fixations of the participants and enables experimental
control of given information; for instance, it allows con-
trol of central vision while limiting coincident peripheral
information pick-up. By inverting the clear visual field,
the converse effect applies. Consequently, the inner circle
of the central field of vision is occluded by a black circle
and the rest of the visual display is clear, allowing the
possibility of investigating the role of peripheral vision
without information from the central (foveal and parafo-
veal) area. An important modification from other spatial
occlusion paradigms is that goggles occluding the whole
vision are not used, but occlusion of the target informa-
tion still occurs. Thus, it enables the researcher to investi-
gate the role of central and peripheral vision for the quiet
eye period. To our knowledge this is a relatively new
methodological approach within sport sciences with few
investigations to date.

In summary, the quiet eye phenomenon is based on
two assumptions. First, centrally processed information is
important for the quiet eye period (Vickers, 2009) and
second, incomplete spatial information leads to a decrease
in performance (Vickers, 2011). We investigated the quiet
eye in this study by differentiating between central and
peripheral vision conditions using the contingent display
change paradigm in an in situ experiment. Our first aim
was to replicate the association between quiet eye dura-
tion and location with better throwing performance under
full vision in a baseline condition. This should be repre-
sented by longer quiet eye durations for skilled dart
throwers (Harle and Vickers, 2001; Janelle et al., 2000;
Panchuk and Vickers, 2006; Vickers, 1992; Williams et
al., 2002) and narrower quiet eye locations (e.g., Harle
and Vickers, 2001; Vickers, 1996) compared to less-
skilled throwers. The throwing accuracy of skilled players
should also be superior to the less skilled athletes (Duffy
et al., 2004).

Our second aim was to probe the proposed compo-
nents of the visual field, differentiated by the extent to
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which the period of quiet eye supports information pick-
up in the central or peripheral visual field. Based on the
assumption that centrally fixated information is important
for quiet eye (Vickers, 2009), we expected a larger dete-
rioration in throwing performance in centrally occluded
vision conditions (peripheral vision condition) compared
to peripherally-occluded vision conditions (central vision
condition) in skilled performers compared to their less-
skilled counterparts, although group differences in per-
formance may still exist.

Methods

Participants

Thirteen skilled and sixteen less-skilled right-handed male
dart players were recruited as participants for this experi-
ment. The mean ages of the skilled and less-skilled groups
were 36.6 (SD = 10.5) and 25.5 (SD = 1.3) years respec-
tively. The skilled participants were advanced players.
They were members of the local dart leagues (second and
third division) with an average of 11.7 (SD = 6.5) years of
playing experience. The less-skilled players (dart novices)
were physical education students with only occasional
experience with dart throwing (less than once a month).
All participants provided informed consent and the study
was conducted in accordance with the ethical principles
described in the declaration of Helsinki (World-Medical-
Association, 2008).

Apparatus and procedure

Prior to commencement, participants were given general
verbal information on the experiment (brief introduction
into eye tracker and setup) and were asked to complete a
questionnaire detailing their dart experience. The experi-
ment was conducted in a laboratory setting. Participants
stood in front of a wooden board, where a raster with a
square target in the middle was presented via a digital
projector (600 x 800 pixels). The height of the target
center was 1.73 m and participants stood 2.37 m away

from the board, which are standard measures according to
the World Darts Federation (WDF) in 2009 (Figure 1).
The squared field included a yellow bull, 4.5 x 4.5 cm,
and a bull’s eye, highlighted in red, 1.5 x 1.5 cm. Hori-
zontal and vertical lines separated by a distance of 1.5 cm
were drawn around the bull creating squares. The total
board showed a field of 10 squares in every direction on
the x- and y-axis, for a total of 20 x 20 1.5 cm squares. A
squared field with a squared central bull’s eye was used
for detailed capturing of x-and y-axis deviation (see also
Schorer et al., 2012). All participants reported that this
altered dart board did not affect their natural performance.
In order to measure throwing performance, the de-
viation in horizontal and vertical direction from the bull’s
eye was captured after every single throw. Competition
steel darts (24 gram) were provided to all participants
with the option to use their personal darts. This option
was given because skilled participants believed their per-
formance would be affected when they did not use their
own darts. All personal darts were also regular competi-
tion steel darts with a weight of 24 grams.
For eye movement analyses, a head-mounted eye-tracking
system was used (Eyelink II, SR Research). With this
system it is possible to capture gaze behavior (binocular
or monocular) at 500 Hz, < 0.5° of average spatial accu-
racy, and 0.01° RMS resolution. To prevent effects to the
participant’s normal throwing action, which can include
adjusting the dart in front of the throwing arms’ side of
the faces, we decided to capture monocular vision (500
Hz) from the eye opposite to the throwing arm. Because
all participants were right-handers, we captured gaze
behavior of the left eye. The camera capturing the eye
movement was adjusted at an angle of 45° and a distance
of four centimeters, placed at the height of the partici-
pant’s left cheek bone. The frame of reference for the eye-
tracking system was the wooden board to which the
squared raster was projected. Using four infrared based
markers at the corners of the board, the frame of reference
was established and within it, the eye-tracking system was

Virtual dartboard
with infrared markers
Bulls Eye at 173cm
hight (from the floor)

Display PC connected
to the video projector

37cm

e

Host PC with eye-

movement registration

and wireless connection
to the light barriers

s
0
o

less transmission (individual
height ~160-180cm)

Figure 1. Aerial perspective of the experimental setup.
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calibrated and validated (Figure 1). Furthermore, two
light barriers (two Nintendo Wii controllers in combina-
tion with two infrared LEDs) were used to capture the
movement of the participant’s throwing arm. For the
specific task of dart throwing, the quiet eye was defined
as final fixation prior to the extension of the throwing arm
(Vickers et al., 2000), which was determined by trigger-
ing two light barriers. These barriers were adjusted in
height (i.e., between 160 and 180 cm) for each participant
at the level of the wrist of each participant’s throwing
arm. The first light barrier was positioned closer to the
participant’s wrist, the second 20 cm further away. The
distance between the two parts of each light barrier (Nin-
tendo Wii controller and LED), positioned left and right
from the participant’s throwing arm, was 30 cm. The light
barriers were placed in front of the participant in a way
that both light barriers triggered the extension phase of
the arm at 100 Hz. Thus, the first was positioned at the
beginning of the extension phase and the other captured
information later in the extension phase (Figure 1). Even
though one light barrier would have been sufficient for
capturing the relevant components for quiet eye analysis,
using two light barriers guaranteed a reliable capturing of
the whole shooting phase. These settings did not disturb
natural throwing action and participants confirmed that
they did not feel impaired and the setup did not affect
their throwing movement or performance in general.

The contingent change display paradigm is a meth-
odological approach to connecting gaze behavior and the
field of vision. Until now, experiments in sport sciences
have dealt with athletes’ gaze behavior by using eye-
tracking systems or temporal and spatial occlusion para-
digms (e.g. video based systems or usage of special gog-
gles). With the contingent change display paradigm, it is
possible to combine both components. Thus, the field of
vision can be influenced and as a result, it is possible to
experimentally determine what information is extracted.
The paradigm works using special programming within
the eye-tracking software (i.e., Experiment Builder in
Eyelink II). For the peripheral vision condition, a black
mask in the form of a circle of 5° (central vision, repre-
sented by foveal and parafoveal vision) of visual angle
was adapted to the point of gaze. This means, wherever
the participants fixated or tracked on the visual display
(the projected raster) was occluded by a size of 5° and
only information from further than 5° was extracted (pe-
ripheral vision). For the central vision condition, the con-
verse effect was implemented; a black mask occluded
everything further than 5° of visual angle thereby allow-
ing information up to 5° of visual angle to be picked-up
with the rest of the visual field (periphery) occluded.

In summary, the visual display (the projected ras-
ter) was manipulated using occluding masks in accor-
dance to the participants’ eye movement. Parts of the
raster were occluded, depending on where the participant
was looking and what condition was presented (central or
peripheral).Prior to data collection, participants took prac-
tice throws at the wooden board (without the projected
raster) to enable individual adjustment of the eye-tracking
system and light barriers. Dependent on how fast the
adjustment of the system took place, participants took

between six and nine practice throws (two or three blocks
of three throws). After the adjustment of the eye-tracker
and light barriers, a nine-point calibration, followed by a
validation of this calibration, took place. Additionally, at
the beginning of each trial, before the squared raster was
presented, a drift correction was performed. The drift
correction works by computing a corrective offset to the
raw eye-position data and provides an additional check to
ensure the captured gaze behavior was as accurate as
possible.

The experiment was subdivided into three blocks
of 15 dart throwing trials, for a total of 45 shots per par-
ticipant. The instruction given to the participants prior to
each block was to hit the bull’s eye (the red center of the
raster) and participants were told that throwing perform-
ance would be captured after every throw (generally dart
players throw three darts in a row what is not possible
within the current study design. Nonetheless participants
reported not to feel effected by taking single throws).
Thus, within each block, throwing accuracy was meas-
ured after each throw using projected images of vertical
and horizontal lines. More specifically, after each partici-
pant threw the dart towards the target (movement execu-
tion of throwing action was completed), the projected
raster was replaced by two consecutive pictures. First
only the vertical lines of the raster with horizontal dis-
tances from the bull’s eye were displayed (for capturing x
direction of the throw), followed by the same procedure
with vertical deviations displayed (for capturing y direc-
tion of the throw). As described earlier, a distance of 1.5
cm separated the lines. After registering both of these
values (i.e., x and y direction of each throw), the experi-
menter removed the dart from the target and the next trial
began after the drift correction.

Baseline data were collected for each participant
using the first block of 15 dart throws with a full-vision
condition. For the two additional blocks of trials with
central and peripheral conditions, the contingent-change
display paradigm was used (as described above) and the
block order of central and peripheral conditions was coun-
terbalanced across participants.

Statistical analyses and dependent variables

One-tailed independent sample t-tests were used to exam-
ine skill level differences in baseline performance. For the
interaction of skill level and manipulated field of vision,
repeated measures analysis of variance (ANOVA) was
applied. To measure the association between throwing
results with the quiet eye behavior, previous studies have
administered ANOVAs or t-tests to differentiate between
hits and misses (e.g., Harle & Vickers, 2001; Vickers,
1996). In the current investigation, we wanted to go a step
further with the analysis of this intra-individual variabil-
ity. The measurement of performance error from -10 to
+10 on both, y- and x-axes enables us to use a more de-
tailed ratio scale of performance measurement; instead of
only comparing the dichotomic hits and misses; more-
over, because of our ratio scaled data, two-tailed Pearson
correlation coefficients were calculated instead of the
mostly used t-tests and ANOVAs for hits and misses.
This enabled us to also report the explained variance by
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the squared correlation.

Often, statistical data are interpreted on the basis of
p-value. This statistic was used in the current investiga-
tion; however, additional statistical values were given to
convey the most complete meaning of results and deeper
discussion as advocated by APA (2010). For this purpose,
effect sizes (d for t-tests, and f for analyses of variance)
and test powers (1-8) were calculated (Cohen, 1988).

The dependent variables were accuracy and consis-
tency of the throwing performance as well as quiet eye
duration and quiet eye location. Mean radial error was
used as the measure of throwing accuracy, and bivariate
variable error used for throwing consistency (Hancock et
al., 1995). The mean radial error captures the error’s
magnitude in 2-D using the x and y coordinates of each
shot. Because the performance across multiple trials is
only partially described by the measurement of accuracy
(mean radial error), the bivariate variable error for consis-
tency was also measured to provide a more complete
representation of throwing performance. The bivariate
error is the measurement of standard deviation of intra-
subject variability across 2-D, given by the square root of
the shots’ mean squared distance from their centroid (for
concrete mathematical formula of mean radial error and
bivariate error, see Hancock et al., 1995).

The quiet eye period in dart throwing was defined
as the final fixation prior to the extension of the throwing
arm (Vickers et al., 2000). The fixation had a length of at
least 100 ms, based on previous fixation definitions
(Young and Sheena, 1975). To determine the quiet eye
period within the throwing movement of the participants,
the light barriers were used to trigger the beginning of the
extension phase of the participant’s arm during trials and
thereby determine the quiet eye period (in accordance to
Vickers et al., 2000). In detail, triggering of the light
barriers was inputed online into the Data Viewer analysis
program (Eyelink II) via bluetooth-connections. This
leads to online synchronization of data pertaining to gaze
behavior with information about the throwing action (i.e.,
triggering the extension phase of participant’s throwing
arm). Consequently, the last fixation prior to the registra-
tion of the light barriers with a length of a minimum of
100ms within a visual angle of 3° (88 pixels) defined the
quiet eye period in milliseconds. Quiet eye onset was the
initiation of the fixation prior to triggering and quiet eye
offset occurred when the eye deviated from the location
by more than 3° (in accordance to earlier quiet eye defini-
tions, for an overview see Vickers, 2007). For the analysis
of quiet eye location, the x- and y-coordinates of the quiet
eye on the target provided the mean radial error. The quiet
eye period and its location were analyzed individually for
every trial. All data were analyzed using PASW 18.0 and
G*Power 3.10 (Faul et al., 2007).

Results

The results section is divided into two parts. First, the
baseline results concerning the replication of throwing
performance (accuracy and consistency), and gaze behav-
ior (quiet eye duration and location) are presented. Sec-
ond, results concerning the manipulated vision (central vs.

peripheral vision conditions) are presented followed by
correlations between throwing performance and quiet eye
period.
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As hypothesized, one-tailed t-tests for independent sam-
ples revealed significant differences between skill groups
in throwing accuracy, t(27) = 5.29, p < 0.01, d = 2.00, and
throwing consistency, t(27) = 5.50, p < 0.01, d = 2.01.
The skilled group had superior performance with higher
accuracy and greater consistency (Figure 2a and 2b). For
quiet eye duration during baseline performance, differ-
ences between skilled and less-skilled groups were re-
vealed, t(27) = 1.42, p = .08, d = 0.52 (Figure 2c) al-
though without reaching the statistical level of signifi-
cance on the basis of p-values; however, there was a not
significant difference in quiet eye location between
skilled and less-skilled groups, t(27) = 0.43, p=0.67,d =
.16, 1-f = 0.07 (Figure 2d). Significant correlations were
found between quiet eye duration and both throwing accu-
racy and throwing consistency in full vision for the
less skilled players (Table 1, column 3 - 4). No other
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Table 1. Correlations (r) between throwing performance (accuracy = ACC; consistency = CON) and perceptual
behavior (quiet eye duration = QED; quiet eye location = QEL) among study participants (all participants, less-
skilled and skilled) for full, central and peripheral vision conditions.

Full Central Peripheral
ACC CON ACC CON ACC CON
all QED -.02 -.10 .23 .23 .14 .12/.54
QEL -.02 .07 -.15 -.15 A5 ** 46 **
less- QED 76 ** .63 ** 53 * 40 12 .05
skilled QEL -31 -.05 -.46 -.28 54 * 54 *
skilled QED -28 -.32 -.05 -.35 .10 .15
QEL 23 11 .50 .50 71 ** 73 **

¥p<0.05, ** p<0.0L.

correlations between quiet eye duration and throwing
performance at baseline reached significance.

Central and peripheral vision conditions

For throwing performance, we predicted a decrease in
throwing results when only peripheral vision was avail-
able (Vickers, 2009). A between-subject (groups) re-
peated measurement (central vs. peripheral) ANOVA
showed, in contrast to our predictions, significant differ-
ence in throwing accuracy only between groups, F(1,27)
= 26.87, p < 0.01, f = 1.00. Neither vision condition,
F(1,27) =2.14, p = 0.15, £ = 0.27, 1-B > 0.89, nor their
interaction, Fs(1,27) = 1.71, p = 0.20, f=0.25, 1- > 0.83,
were significant factors affecting throwing accuracy. For
throwing consistency, all factors and their interaction
reached significance. The skilled group demonstrated
better throwing consistency, F(1,27) =20.24, p <0.01, f=
0.87. In the central vision condition, both groups per-
formed better than in the peripheral vision condition,
F(1,27) = 132.68, p < 0.01, f = 2.21, but the less-skilled
group showed a larger decrease in throwing consistency
from central to peripheral vision conditions, Fs(1,27) =
15.76,p <0.01, f=.77.

For gaze behavior, the repeated measures ANOVA
revealed neither significant group differences in quiet eye
duration, F(1,27) = 0.09, p = 0.75, f = 0.10, 1-f = 0.09,
differences between visual conditions, F(1,27) =0.58, p =
0.45, £=0.14, 1-p = 0.36, nor their interaction, Fs(1,27) =
0.32, p =0.57, £=0.10, 1-B = 0.19. The same pattern of
results was noted for quiet eye location. There were no
significant differences for group, F(1,27) =0.99, p =0.33,
f=.20, 1-B = 0.25, visual condition F(1,27) = 1.13, p =
0.30, £=0.20, 1 - B = 0.65, or their interaction, Fs(1,27) =
2.69,p=0.11, f=0.31, 1-8 > 0.96.

Quiet eye duration and throwing accuracy in cen-
tral vision conditions were significantly positively corre-
lated for less skilled players (see Table 1, column 5 - 6).
Also, positive correlations were revealed between quiet
eye location and throwing accuracy, as well as between
quiet eye location and throwing consistency for skilled
players, less skilled players, as well as for both skill
groups combined, but only in the peripheral vision condi-
tion. No other correlation was significant (see Table 1,
column 7 - 8).

Discussion

Within this study, we investigated two assumptions con-
cerning the quiet eye phenomena. On the one hand, cen-

trally processed information seems to be important (Vick-
ers, 2009) while on the other hand, incomplete spatial
information accompanies a decrease in performance
(Vickers, 2011). Our first aim was to replicate the asso-
ciation between quiet eye duration and location with bet-
ter throwing performance in a baseline condition (full
vision). Our second aim was to investigate the extent to
which quiet eye is affected by central and peripheral
components of the visual field. Based on the hypothesis
that centrally fixated information is critical for the quiet
eye (Vickers, 2009), varying fields of vision were associ-
ated with differences in the quiet eye and throwing per-
formance of skilled dart players.

Concerning our first aim, our results replicate prior
findings of Duffy and colleagues (2004) showing signifi-
cant differences between skilled and less-skilled partici-
pants in baseline throwing performance. Further, skilled
dart throwers were not only more accurate, but more
consistent in their throwing performance (c.f., Schorer et
al., 2012). For the perceptual measures, differences be-
tween skilled and less-skilled players in quiet eye duration
were not statistically significant (p = 0.08). Surprisingly,
we were unable to replicate the robust finding of expertise
differences in quiet eye duration on the basis of p-values.
Traditionally, this is the basis on which data are inter-
preted. However, we also calculated effect size and test
power, and the effect size of the difference between
groups was 0.52. In accordance to Cohen (1988), this
represents a medium-sized effect, which emphasizes the
weight of these differences in quiet eye duration. Fur-
thermore, these effect sizes are in line with previously
reported research results on throwing tasks (for a meta-
analysis, see Mann et al., 2007). These findings do not
replace significant differences on the basis of p-value, but
clarify that our results are in the direction of previous
investigations observing quiet eye differences for skill
groups. Besides that, increasing sample size post-hoc
might have reduced p to < 0.05; however, the practical
significance expressed by medium effect sizes (arguably a
more important statistic) would likely have remained
constant for p < 0.05 (Rosnow and Rosenthal, 1989).
Additionally, we found a strong positive correlation for
less skilled players between quiet eye duration and throw-
ing performance, which is in line with previous studies
examining differences in quiet eye duration for hits versus
misses (Harle and Vickers, 2001; Janelle et al., 2000;
Vickers, 1996; Vickers and Adolphe, 1997).

These results highlight one point of concern for fu-
ture investigations. On the basis of the effect sizes in this
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experiment, the sample size for a subsequent investigation
using this setup should be pre-defined. This will help to
create sample sizes for skill groups that are large enough
to find significant differences in the dependent variables if
they occur.

Concerning our second aim, we investigated
whether the content of the fixated target during the quiet
eye phase was important for superior performance by
varying either central or peripheral vision using the con-
tingent-change display paradigm. Throwing performance
was analysed via throwing accuracy and throwing consis-
tency. For throwing accuracy, between skill group differ-
ences remained, but none of the occlusion conditions
seemed to influence these results. The observed test
power for the differences between visual conditions and
their interaction with skill supports the null-hypothesis
(i.e., that there are no influences on throwing accuracy,
Kline, 2005). A different picture arises for throwing con-
sistency, where both factors and their interaction reached
significance. While the higher consistency for skilled
players is not surprising (Duffy et al., 2004), the interac-
tion is of interest. For skilled players, varying the fields of
vision seemed to have no effect; however, the less-skilled
participants had superior performance in the central vision
condition.

For the perceptual measures, quiet eye duration al-
so seemed affected by the change in the visual condition.
First, for less-skilled players, the quiet eye duration in-
creased compared to baseline performance, but almost no
change was observable for the skilled players. Within this
context, subsequent studies may wish to add another
throwing condition with full vision within the counterbal-
anced order of manipulated throwing conditions. Second,
within the manipulated viewing conditions no significant
differences for quiet eye duration were revealed, with no
interaction between throwing condition and skill. Interest-
ingly, quiet eye duration of skilled and less-skilled players
seemed unaffected by spatial occlusion manipulation
(central or peripheral). Moreover, it is notable that despite
no significant changes in quiet eye duration between
central and peripheral vision, there was a significant ef-
fect for throwing consistency with the less skilled partici-
pants in the central to peripheral vision conditions, al-
though these results were not as strong as hypothesized.
By only allowing peripheral vision, we expected not only
a significant difference for consistency but a decrease in
throwing accuracy, and a differentiation in quiet eye dura-
tion.

One possible explanation is that the black circle
might have been used as a larger target in the central-
occlusion condition, instead of the bull’s eye, so the con-
sistency was affected, but not throwing accuracy or quiet
eye duration. The optimal size of the focus of attention
has been discussed in sport (cf. Abernethy, 2001) with a
smaller focus of attention leading to more efficient infor-
mation handling per unit of area (cf. Castiello and Umilta,
1990). Within the peripheral condition of the contingent
change display paradigm, the overlaid area of the point of
gaze had a size of 5° of visual angle. Because the 5° are
wider than the target area (bull and bull’s eye in the center
of the squared raster), aiming at the center of the occluded

mask is not equivalent to aiming at the target center. The
target is clearly occluded in this condition, but the black
mask is not precisely in the center of the raster; thus,
aiming at the black circle’s center would not necessarily
involve aiming at the target center. With this in mind, we
can hypothesize that for novice participants the peripheral
vision condition prevented central information pick-up of
the bull’s eye but the larger black circle in the grid pro-
vided a bigger suitable target only by holding the gaze
stable to the target’s center; however, for investigating
differences in throwing accuracy and quiet eye duration in
a further experiment in this context, an additional no
frame condition should be used where participants get
neither central nor peripheral target information. Addi-
tionally, another effect of peripheral vision should be
investigated. It is possible that in a targeting task like dart
throwing, peripheral vision is used to control limb move-
ments, such as the throwing arm. Abahnini et al., (1997)
showed that vision of one’s hand in the visual peripheral
field is critical and the directional control of aiming
movements is optimal only if peripheral visual informa-
tion is available. Within the contingent change display
paradigm, we only occluded parts of the visual display,
thus the throwing arm is visible in the periphery in all
conditions. Such an effect on the period of quiet eye
should be investigated in a further study.

Taking these findings together two interesting top-
ics arise. First, quiet eye duration does not seem to be
associated with throwing performance in skilled dart
players. In fact our results suggest their performance is
negatively correlated (while not significantly, see Table
1). It is possible that in skills with little variability in their
performance, the association between quiet eye duration
and throwing performance shown in other studies (Harle
and Vickers, 2001; Janelle et al., 2000; Vickers, 1996;
Vickers and Adolphe, 1997) might not be detectible be-
cause the effect is small. This would explain why quiet
eye explained almost 50 percent of the variance in throw-
ing performance for unskilled players but not for skilled
players. Second, occluding central information in skilled
and unskilled players nicely highlights the importance of
quiet eye location in dart throwing. When the bull’s eye is
not visible to the players, a good estimate of where it is
(i.e., the black circle representing the occluded informa-
tion) helped players to perform better in throwing accu-
racy and consistency. This was even stronger in skilled
players with almost 50 percent explained variance com-
pared to only 25 percent in unskilled players supporting
the notion that, in addition to the type of information
extracted, the stable quiet eye likely increases postural
stability during aiming (Vine et al., 2011).

Conclusion

These findings add depth to our understanding of the
quiet eye phenomenon in sport skills and add several new
directions for future research. While findings are gener-
ally in line with the association between quiet eye dura-
tion and throwing performance, they raise several ques-
tions. Based on the non-statistically significant quiet eye
differences for level of expertise future studies should
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consider whether additional factors or variables, beyond
the period of quiet eye, are important for optimal throw-
ing performance. Without a clear understanding of the
specific mechanism behind the quiet eye effect, it is pos-
sible that quiet eye duration is a proxy for some other
perceptual cognitive variable. Moreover, the role of cen-
trally fixated (i.e., foveal) vision for the quiet eye period
should be further investigated. Understanding the role of
the different sources of vision to the quiet eye will lead to
more comprehensive models of expert perception in sport.
Our results show, the quality of the information obtained
within the period of quiet eye seems less important than
previously assumed for targeting tasks like dart throwing.
Further experiments should investigate the underlying
mechanism(s) of the quiet eye phenomena. It is currently
still unclear why this effect occurs. For instance, is it
really the quiet eye that is important, or does the final
fixation benefit additional processes (i.c., the quiescence
of the psychomotor system; Vine, Moore & Wilson,
2011). Thus, in future experiments postural stability oc-
curring during movement execution should be investi-
gated along with the quiet eye period to determine the
relative importance of these mechanisms to understanding
this intriguing phenomenon.
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Key points

o Investigation of throwing performance and quiet eye
duration in dart throwing under several vision condi-
tions

e First investigation using a dynamic occlusion para-
digm, manipulating field of vision in situ

e Replication of previous findings concerning throw-
ing performance and quiet eye duration

e New insights about the role of central (and periph-
eral) vision concerning the quiet eye phenomena
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