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ORIGINAL ARTICLE

Basketball free-throws performance depends on the integrity of
binocular vision

JESÚS VERA1, RUBEN MOLINA1, DAVID CÁRDENAS2, BEATRÍZ REDONDO1, &
RAIMUNDO JIMÉNEZ1

1Department of Optics, Faculty of Sciences, University of Granada, Granada, Spain& 2Department of Physical Education and
Sport, Faculty of Sport Sciences, University of Granada, Granada, Spain

ABSTRACT
Background:The deterioration of the integrity of binocular vision has a detrimental effect on fine visuomotor skills, however,
its impact on sports performance remains unknown. We tested the influence of four viewing conditions (binocular viewing,
monocular viewing, binocular viewing with monocular blur, and binocular viewing with binocular blur) on basketball free-
throws performance.
Methods: Twenty-three male basketball players (19.2 ± 3.4 years) performed 30 free-throws in each viewing condition
following a randomised order. Image degradation was induced by the use of Bangerter filters. Complementarily, perceived
levels of task load and complexity, as well as visual function were assessed.
Results: We found a worse basketball free-throws performance (percentage of successful shots) in the monocular viewing
(∼8%) and binocular viewing with monocular blur (∼9%) in comparison to the condition of binocular viewing (corrected
p-values = 0.003 and 0.006; and ds = 0.838 and 0.771). The analyses of subjective ratings and visual function allowed us
to confirm a successful experimental manipulation.
Conclusions: Basketball free-throws performance is subject to the integrity of binocular vision, showing a worse accuracy
when the sensory dominant eye was occluded or blurred in comparison to natural (binocular) viewing conditions.
However, free-throws performance remains stable when the visual acuity is binocularly degraded. Our findings reveal that
an appropriate functioning of the binocular vision is needed for optimal sports performance, and highlight the importance
of a comprehensive clinical assessment or management of binocular vision in sport contexts.

KEYWORDS: Visual function, stereoacuity, sports performance, optometry, sports vision

Highlights
. Artificially-induced binocular impairment deteriorates basketball free-throws performance.
. A lower percentage of hits was found when the sensory dominant eye was occluded or blurred in comparison to natural

binocular viewing conditions.
. The assessment of the visual function and subjective ratings confirmed a successful experimental manipulation.

Introduction

An accurate functioning of the visual system is
required for successful sports performance, and the
visual skills needed during the game are highly
dependent on the sport discipline involved (Laby,
Kirschen, & Pantall, 2011). There is evidence that
athletes exhibit better performance in different
visual abilities, including eye-hand co-ordination,
fusional vergence rate, oculomotor dynamics, reac-
tion time and dynamic visual acuity (Piras, Lobietti,

& Squatrito, 2014; Quevedo-Junyent, Aznar-Casa-
nova, Merindano-Encina, Cardona, & Solé-Fortó,
2011; Vera, Jiménez, Cárdenas, Redondo, &
Antonio, 2017; Zwierko et al., 2018).
In dynamic sports, players must be aware of static

and moving objects (e.g. opponent, teammate,
basket, goal, net, ball), especially in the most visually
and cognitively demanding sports (Sillero, Refoyo,
Lorenzo, & Sampedro, 2007). Therefore, it is plaus-
ible to expect that the limitation of visual capabilities
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may have a detrimental influence on sports perform-
ance. Based on this, previous studies have tested the
effects of retinal defocus on performance in certain
sport actions such as golf putting, cricket batting or
basketball free-throw (Applegate & Applegate,
1992; Bulson, Ciuffreda, & Hung, 2008; Bulson,
Ciuffreda, Hayes, & Ludlam, 2015; Mann, Ho, De
Souza, Watson, & Taylor, 2007), and overall, they
agree that considerable binocular blur is necessary
to deteriorate athletic performance.
Nevertheless, beyond the relevance of visual

acuity, a precise cortical integration of the stimuli
perceived from both eyes, namely binocular vision,
is required for the existence of superior visual skills
(i.e. stereopsis). For acceptable levels of sports per-
formance, an appropriate functioning of these
superior visual abilities is required, especially in
those sport disciplines in which the ability to judge
spatial localisation accurately and discriminate dis-
tance information is needed (Erickson, 2007;
Mazyn, Lenoir, Montagne, & Savelsbergh, 2004).
A broad range of ocular conditions such as anisome-
tropia, aniseikonia, cataract or glaucoma are known
to provoke binocular rivalry, and thus, affect binocu-
lar vision (Blake & Wilson, 2011; Holopigian, Blake,
& Greenwald, 1986; Jiménez, Ponce, & González-
Anera, 2004; Jiménez, Ponce, Jiménez Del Barco,
Díaz, & & Pérez-Ocon, 2002; Park, Kim, & Lee,
2018; Rutstein, Fullard, Wilson, & Gordon, 2015).
Significant deficits in motor performance have
been observed in abnormal binocular vision con-
ditions (O’Connor, Birch, Anderson, & Draper,
2010), monocular viewing conditions (Gonzalez &
Niechwiej-Szwedo, 2016) or degraded binocular
vision (Piano & O’Connor, 2013) in different con-
texts. It has been argued that individuals with conge-
nital or early deteriorated binocular function develop
compensatory strategies (i.e. use of monocular cues)
over time in order to circumvent this impairment
(Howard & Rogers, 2002). However, to date, there
are no studies that have investigated the effects on
sports performance of interocular differences in the
images perceived when the binocular vision is
acutely altered, specifically on basketball free-
throws performance. There is scientific evidence
that an unequal balance between eyes is commonly
presented, with this interocular imbalance having a
negative impact on different visuo-motor skills
(Gonzalez & Niechwiej-Szwedo, 2016; O’Connor
et al., 2010; Piano & O’Connor, 2013). Therefore,
we consider of interest to assess the potential detri-
mental effects of interocular imbalance in sports
performance.
To fulfil the limitations found in the related litera-

ture, we aimed to test the association between

binocular vision and basketball free-throws perform-
ance. To do this, we simulated three types of viewing
conditions, using Bangerter filters (monocular
viewing, binocular viewing with monocular blur,
and binocular viewing with binocular blur), in experi-
enced basketball players, and evaluated its impact on
basketball free-throws performance. We hypoth-
esised that impaired binocular vision would nega-
tively affect basketball free-throws performance,
since the acute deterioration of binocular vision
limits different visual skills such as stereopsis
(Costa, Moreira, Hamer, & Ventura, 2010; Odell,
Hatt, Leske, Adams, & Holmes, 2009), which is
known to be important in sport scenarios (Paulus
et al., 2014). At the same time, we checked the influ-
ence of viewing conditions manipulation on visual
acuity and stereopsis, as well as on subjective
ratings of task complexity and performance. The
results drawn for this study may help us to under-
stand the relevance of preserving binocular function
intact for sports performance, specifically on basket-
ball free-throws accuracy, and highlight the impor-
tance of performing a full optometric examination
to athletes in order to detect visual binocular imbal-
ances that may potentially affect sports performance.

Methods

Participants and ethical approval

Twenty-three male amateur basketball players
(regional league; fifth Spanish division) took part in
this study (age [mean ± standard deviation] = 19.2
± 3.4 years; basketball experience = 10.5 ± 4.0
years). All participants enrolled in this study fitted
within the following inclusion criteria: (i) five or
more years of experience in basketball competition,
(ii) free of any ocular disease, (iii) present static mon-
ocular visual acuity ≤ 0 log MAR in both eyes with
their best optical correction, when needed, partici-
pants wore their soft contact lenses for the exper-
iment, and (iv) to have a near stereoacuity≤ 50 sec
of arc and far stereoacuity ≤ 60 sec of arc. The
current study adhered to the tenets of the Declaration
of Helsinki and was approved by the Institutional
Review Board (438/CEIH/2017).

Experimental design

We used a repeated measures design to explore the
impact of binocular vision impairment on basketball
free-throws performance and subjective perceptions.
The success of our experimental manipulation was
corroborated by the analysis of the visual function
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(visual acuity and far stereopsis) under the different
viewing conditions. The only within-participants
factor was the type of viewing condition (binocular
viewing, monocular viewing, monocular impairment,
and binocular impairment), and the dependent vari-
ables were free-throws performance (percentage of
hits) and subjective ratings (NASA-TLX and per-
ceived task complexity).

Viewing conditions manipulation

The four viewing conditions are illustrated in Figure
1, and they consisted in (i) binocular viewing (control
condition): basketball free-throws were performed
without any visual limitation, (ii) monocular
viewing: the sensory dominant eye was occluded by
a patch, (iii) binocular viewing with monocular
retinal image degradation (monocular impairment):
a Bangerter filter of a neutral density 0.2 was placed
in the sensory dominant eye, and (iv) binocular
viewing with degradation of both retinal images (bin-
ocular impairment): two Bangerter filters of a neutral
density 0.2 were placed in both eyes. Sensory eye
dominance was assessed by judgement of stimulus
contrast-polarity (Bossi, Hamm, Dahlmann-Noor,
& Dakin, 2018). For the purposes of this study, we
chose to use the Bangerter filters since previous
studies have demonstrated that they induce a signifi-
cant deterioration of different visual skills (Odell
et al., 2009; Odell, Leske, Hatt, Adams, & Holmes,
2008), and permit us to avoid the modification of
retinal image size induced by spherical lenses. Partici-
pants with refractive errors were asked to wear soft
contact lenses during the experiment.

Procedure

The experiment was carried out in two experimental
sessions. In the first session, participants read and
signed the consent form and filled in the demo-
graphic questionnaire. We also used this session as
manipulation check, and for that purpose, we
assessed far visual acuity and far stereopsis under
the different viewing conditions. A polarised
monitor (POLA VistaVision, DMD Med Tech

SRL, Torino, Italy) situated at 5 m was used to
measure visual acuity (logarithmic letters chart test
employing the Bailey-Lovie design) and far stereoa-
cuity (using a polarising viewer).
The second visit to the laboratory comprised the

main experimental session, and participants per-
formed four experimental conditions, which were
carried out in randomised order across participants.
The entire protocol lasted approximately 90 min,
and each of the four conditions consisted in 30 free-
throws (performed in series of two throws), which
resulted in a total of 120 free-throws. Before the com-
mencement of the experimental session, participants
completed a standardised warm-up, consisting of ten
minutes of jogging and dynamic stretching. Sub-
sequently, they performed 20 free-throws (practice
trials) as part of the warm-up. Then, participants
were allowed to rest for five minutes, and three
minutes of adjustment under each viewing condition
were given before the first free-throw. The basketball
hoop was situated at a standardised distance (4.60 m)
and height (3.05 m), and the percentage of successful
shots was considered for further analysis. All partici-
pants completed the experiment at the same time of
the day (7 pm), and under controlled laboratory con-
ditions (i.e. isolated from external noise, and with
constant illumination and temperature). Subjective
scales were administered after completing each con-
dition, and a five-minute break was given between
experimental conditions.

Subjective scales

The NASA-TLX scale was administered after each of
the four experimental conditions. This scale is com-
posed of six subscales (mental demand, physical
demand, temporal demand, performance, effort and
frustration), and participants had to score each sub-
scale into 20 equal intervals anchored by a bipolar
descriptor (e.g. low/high), this score was multiplied
by 5, resulting in a final score of between 0 and
100. An average value from the six subscales was
used (Hart & Staveland, 1988). We also asked par-
ticipants to report their perceived level of task com-
plexity after each experimental condition. It

Figure 1. Overview of the different viewing conditions. Panel (A) binocular viewing, Panel (B) monocular viewing, Panel (C) monocular
impairment, and Panel (D) binocular impairment.
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consisted of a numerical scale (ranging from 0 to 10)
defined as 0 very easy and 10 extremely difficult.

Statistical analysis

To test the impact of viewing conditions on free-
throws performance, visual function and subjective
perceptions, we performed separate repeated
measures analyses of variance, considering the type
of visual condition (binocular viewing, monocular
viewing, binocular viewing with retinal image mon-
ocular degradation, and binocular viewing with
both degraded retinal images) as the only within-par-
ticipants factor, and with the percentage accuracy,
visual acuity and far stereopsis, and subjective per-
ceptions (NASA-TLX, and perceived difficulty) as
dependent variables. The magnitude of the differ-
ences was also assessed through the Cohen’s d for
pairwise comparisons and the partial eta squared
(ηp²) for multiple comparisons. All statistical analyses
were performed using JASP software (version
0.9.0.1). Statistical significance was set at an alpha
level of 0.05, and post hoc tests were corrected
using Holm–Bonferroni procedures.

Results

Table I displays the descriptive statistics of basketball
free-throws performance, visual function, and subjec-
tive perceptions for each viewing condition.
For the basketball free-throws performance, there

was a main effect of the type of viewing condition
(F3,66 = 4.713, p= 0.005, ηp² = 0.176). Post-hoc ana-
lyses revealed that there were significant differences
for the comparisons between binocular viewing and
monocular viewing (corrected p-value = 0.003, d=
0.838), as well as between binocular viewing and
monocular impairment (corrected p-value = 0.006,
d= 0.771). However, no differences were found
between the binocular viewing and binocular impair-
ment conditions (corrected p-value = 0.522) (Figure
2). At the same time, we tested whether there was a
time-on-task effect (i.e. visual impairment habitu-
ation) on basketball free-throws performance by the

inclusion of each basketball free-throw (from 1 to
30) as an additional within-participants factor. This
analysis showed that the main effect of time-on-task
(F29,638 = 0.358, p = 0.999), as well as the interaction
type of visual condition x time-on-task (F87,1914 = 0.284,
p= 0.999) were far from showing any influence on
basketball free-throws performance.
A successful experimental manipulation was con-

firmed by the analysis of the effect of viewing con-
ditions on visual acuity and far stereoacuity (F3,66 =
170.2, p < 0.001, ηp² = 0.866 and F2,44 = 338.9, p<
0.001, ηp² = 0.939, respectively). Post-hoc tests for
both dependent variables demonstrated that all the
possible comparisons were significantly different (all
corrected p-values < 0.05), with better visual acuity
and stereopsis in the binocular viewing condition in
comparison to the conditions in which the binocular
vision was artificially impaired.
Regarding subjective perception, the NASA-TLX

yielded a significant effect for the type of viewing con-
dition (F3,66 = 15.50, p< 0.001, ηp² = 0.413), with
the control condition (binocular viewing) revealing
lower ratings of task load when compared with the
monocular viewing (corrected p-value < 0.001, d=
1.077), monocular impairment (corrected p-value <
0.001, d= 0.918), and binocular impairment (cor-
rected p-value < 0.001, d= 0.970). Similarly, per-
ceived task complexity was demonstrated to be
sensitive to viewing conditions manipulation (F3,66

= 20.68, p< 0.001, ηp² = 0.496), and showed statisti-
cally significant differences for the comparisons
between control condition and monocular viewing
(corrected p-value < 0.001, d= 1.391), monocular
impairment (corrected p-value < 0.001, d = 1.269),
and binocular impairment (corrected p-value <
0.001, d = 1.543) conditions.

Discussion

The present study demonstrated that basketball free-
throws performance was sensitive to artificially
induced binocular vision impairment, specifically
when the dominant eye is occluded or the image
from the dominant eye is degraded. Nevertheless,

Table I. Descriptive values (mean ± standard deviation) of free-throws performance, subjective perceptions and visual function in each
viewing condition.

Binocular viewing Monocular viewing Monocular impairment Binocular impairment

Free-throws accuracy (%) 69.7 ± 17.0 61.6 ± 19.8 60.7 ± 19.7 64.9 ± 22.4
NASA-TLX 29.9 ± 14.1 41.8 ± 13.9 38.0 ± 14.8 39.8 ± 13.8
Perceived complexity 2.6 ± 1.8 5.5 ± 2.2 5.1 ± 2.5 5.5 ± 2.2
Visual acuity (logMAR) −0.14 ± 0.06 −0.09 ± 0.08 0.34 ± 0.07 0.25 ± 0.10
Stereopsis (sec of arc) 37.82 ± 20.66 – 206.09 ± 39.74 229.57 ± 50.04
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binocular defocus did not have a significant impact
on hits accuracy of free-throws in experienced basket-
ball players. Our data are in line with the fact that
sports performance in different sport disciplines
(i.e. golf putting, basketball free-throw, cricket
batting) is resilient to moderate levels of binocular
image degradation (Applegate & Applegate, 1992;
Bulson et al., 2015, 2008; Mann et al., 2007;
Mann, Abernethy, & Farrow, 2010). These findings
incorporate preliminary evidence on the role of bin-
ocular vision in sports performance, even in non-
complex and static situations.
Previous research has focused on the effect of bin-

ocular spherical and astigmatic retinal defocus on
athletic performance (Applegate & Applegate, 1992;
Bulson et al., 2015, 2008; Mann et al., 2007). Never-
theless, there are no studies that have explored the
importance of interocular blur differences in sports
performance, and it may be of special relevance due
to the number of visual conditions (e.g. anisometro-
pia or aniseikonia) in which the binocular function
is deteriorated as a consequence of two dissimilar
monocular images. There is accumulated evidence
that athletes, especially in ball sports, may benefit
from highly developed stereopsis, and on the con-
trary, they may see significantly deteriorated their
performance in fine visuomotor tasks by degrading

the ability of depth perception(O’Connor et al.,
2010), as it may be the case found in the current
study with basketball free-throws.
Multiple factors are known to play a role on the link

between binocular inhibition and task performance.
In this regard, task complexity is known to modulate
the impact of reduced binocular function on visuo-
motor tasks performance, with easy tasks being
more resilient to binocular vision deterioration
(Piano & O’Connor, 2013). Of note, we found that
the manipulation of the binocular vision had an
effect on perceived levels of task complexity, with par-
ticipants reporting greater levels of task load in those
experimental conditions in which the binocular vision
was artificially impaired. These results are of rel-
evance since higher levels of perceived anxiety or
mental load are known to have a negative influence
on sports performance (Englert & Bertrams, 2012;
Jokela & Hanin, 1999), and thus, it is plausible to
expect that the deterioration of perceptual skills
may contribute to the relationship between mental
load and sports performance. Nevertheless, it
should be emphasised that basketball free-throws
shooting is performed in fixed conditions (static
task), and its automation depends on the repeated
practice (Ripoll, Bard, & Paillard, 1986). Thus, in
more challenging situations (e.g. dynamic actions

Figure 2. Scatterplot of the different viewing conditions on basketball free-throw performance. The horizontal lines indicate the average value,
and ∗ represents statistically significant differences between two viewing conditions (corrected p-value < 0.05).
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with intense defensive pressure), the deterioration of
binocular balance may show a heightened effect on
sports performance, since dynamic stereopsis has
been identified as an important component in
dynamic sports (Solomon, Zinn, & Vacroux, 1988).
Taken together, our results corroborate the idea,

by the analysis of the visual function under the differ-
ent viewing conditions, that binocular rivalry nega-
tively affects binocular function and it seems to
have a direct impact on basketball free-throws per-
formance. Interocular differences in the level of blur
have a high prevalence worldwide (Weakley Jr,
2001), and importantly, the visual system is biased
by the sharper of the two eyes ́ retinal images (Kompa-
niez, Sawides, Marcos, & Webster, 2013). In this
study, this fact was supported by the impact of
viewing conditions on binocular visual acuity, with
better visual acuity when only the image from one
was blurred (−0.02 ± 0.12 logMAR) in comparison
with the binocular blur condition (0.25 ± 0.10
logMAR). Moreover, our results indicate that a
good binocular visual acuity may not be enough to
ensure basketball free-throws performance, being in
accordance with the study of Applegate and Apple-
gate (1992), in which a decrease in binocular visual
acuity over range 6/6 to 6/75 did not significantly
reduce the basketball free-throws efficiency.
Additionally, in our study the basketball free-throws
performance was significantly reduced when the
dominant-eye was occluded or blurred, and therefore
it would be plausible to think that the lack or deterio-
ration of stereopsis could be the main cause for a
worst free-throws accuracy, since numerous mon-
ocular relative depth cues (motion parallax, linear
perspective, relative size, shading and shadows, and
texture gradient) that are used simultaneously with
the binocular cues are insufficient to accurately deter-
mine the absolute depth when the binocular function
is altered (McKee & Taylor, 2010).
Here, we induced an interocular imbalance by

using neutral density filters, however, there is scien-
tific evidence that some individuals, including non-
clinical population, are strongly imbalanced (Zhang,
Bobier, Thompson, & Hess, 2011), which it could
lead to a limited binocular function, as consequence
of an unequal contribution from each eye. In view
of this, the determination of considerable interocu-
lar differences (i.e. unequal contribution of each
eye) may be of relevance in sport contexts, since a
preserved binocular balance seems to be beneficial
in terms of free throws accuracy. In addition,
there are several visual therapy techniques such as
dichotopic training, perceptual learning, non-inva-
sive brain stimulation or monocular deprivation
that have demonstrated to contribute to improving
the binocular balance (Hess & Thompson, 2015;

Kim, Kim, & Blake, 2017), however, the possible
utility of these procedures in order to enhance the
binocular function of athletes from different disci-
plines needs to be addressed in further
investigations.
There are some aspects that may limit the present

findings and we must acknowledge. First, our exper-
imental sample was formed by experienced basketball
players, and the short-terms effects of blur manipu-
lation in athletic performance have demonstrated to
vary between skilled and less-skilled athletes (Ryu,
Abernethy, Mann, & Poolton, 2015), and therefore
the external validity of the current findings should
be tested in basketball players with different levels
of expertise. Second, we chose to test the effects of
visual function deterioration on a static task and at
a fixed distance, and as indicated in previous investi-
gations, the current findings may be more evident in
dynamic situations and at other distances (e.g. three
point line). Third, the deterioration of the binocular
function is dependent on the degree of interocular
difference (Pardhan & Gilchristt, 1990; Piano &
O’Connor, 2013). Here, we induced a blur difference
between eyes of approximately six lines of visual
acuity, and the influence of different levels of mon-
ocular defocus on sports performance should be
address in future investigations. We consider that
future studies should explore the interocular differ-
ences tolerance for sports performance, as well as
the possible factors that may play a mediating role
in these effects, and it would allow to determine
which levels of binocular imbalance may have a rel-
evant impact on sports performance. Fourth, blur tol-
erance is subject to a great inter-subject variability
(Vera-Diaz, Woods, & Peli, 2010), and therefore,
the binocular function of two individuals may be dif-
ferently affected by the same degree of interocular
difference. Therefore, this factor may be taken into
account in future studies. Fifth, in the present study
only the participant’s dominant eye was occluded or
blurred, and although the effects of blurring the
dominant or non-dominant eyes on stereopsis have
not been clearly established (Nabie, Andalib, Amir-
Aslanzadeh, & Khojasteh, 2017). Further studies
are needed in order to clarify whether the deterio-
ration of the non-dominant may result in some differ-
ent effects on eye-hand coordination, which is known
to play an important role on basketball free-throws
accuracy (Krause & Nelson, 2018). Lastly, only
males were included in this study, and the generaliz-
ability of the current findings in women needs further
investigation.
In conclusion, artificially induced binocular

impairment, specifically both monocular occlusion
and monocular blur in the sensory dominant eye,
negatively affects basketball free-throws
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performance, contrasting with the blur binocular
condition in which the percentage of hits was not sig-
nificantly diminished in comparison with natural bin-
ocular viewing. Based on the present outcomes, the
visual function of athletes should be thoroughly
assessed by eyecare specialists in order to ensure an
appropriate sports performance. It would be of inter-
est to investigate the effects of binocular vision
impairment on sports performance in dynamic
actions and for different positions occupied by
players on the field (e.g. throws from three-point
line, ball catching and ball passes).

Acknowledgments

The authors thank to all the participants who self-
lessly collaborated in this research.

Funding

This work was supported by the Spanish Ministry of Economy and
Competitiveness under grant [DEP2017-89879-R].

Disclosure statement

No potential conflict of interest was reported by the authors.

References

Applegate, R., & Applegate, R. (1992). Set shot shooting perform-
ance and visual acuity in basketball. Optometry and Vision
Science, 69(10), 765–768.

Blake, R., & Wilson, H. (2011). Binocular vision. Vision Research,
51(7), 754–770. doi:10.1016/j.visres.2010.10.009

Bossi, M., Hamm, L., Dahlmann-Noor, A., & Dakin, S. (2018). A
comparison of tests for quantifying sensory eye dominance.
Vision Research, 153, 60–69. doi:10.1101/219816

Bulson, R. C., Ciuffreda, K. J., Hayes, J., & Ludlam, D. P. (2015).
Effect of retinal defocus on basketball free throw shooting per-
formance. Clinical and Experimental Optometry, 98(4), 330–
334. doi.org/10.1111/cxo.12267

Bulson, R. C., Ciuffreda, K. J., &Hung, G. K. (2008). The effect of
retinal defocus on golf putting. Ophthalmic and Physiological
Optics, 28(4), 334–344. doi:10.1111/j.1475-1313.2008.00575.x

Costa, M. F., Moreira, S. M. C. F., Hamer, R. D., & Ventura, D.
F. (2010). Effects of age and optical blur on real depth stereoa-
cuity. Ophthalmic and Physiological Optics, 30(5), 660–666.
doi:10.1111/j.1475-1313.2010.00750.x

Englert, C., & Bertrams, A. (2012). Anxiety, ego depletion, and
sports performance. Journal of Sport and Exercise Psychology, 34
(5), 580–599. doi:10.1123/jsep.34.5.580

Erickson, G. B. (2007). Sports vision: Vision care for the enhancement
of sports performance. St. Louis, MO: Butterworth-Heinemann.

Gonzalez, D. A., & Niechwiej-Szwedo, E. (2016). The effects of
monocular viewing on hand-eye coordination during sequential
grasping and placing movements. Vision Research, 128, 30–38.
doi:10.1016/j.visres.2016.08.006

Hart, S. G., & Staveland, L. E. (1988). Development of NASA-
TLX (task load index): Results of empirical and theoretical

research. Advances in Psychology, 52, 139–183. doi:10.1016/
S0166-4115(08)62386-9

Hess, R. F., & Thompson, B. (2015). Amblyopia and the binocular
approach to its therapy.Vision Research, 114, 4–16. doi:10.1016/
j.visres.2015.02.009

Holopigian, K., Blake, R., & Greenwald, M. J. (1986). Selective
losses in binocular vision in anisometropic amblyopes. Vision
Research, 26(4), 621–630. doi:10.1016/0042-6989(86)90010-6

Howard, I., & Rogers, B. (2002). Seeing in depth. Toronto:
University of Toronto Press.

Jiménez, J. R., Ponce, A., & González-Anera, R. (2004). Induced
aniseikonia diminishes binocular contrast sensitivity and bin-
ocular summation. Optometry & Vision Science, 81(7), 559–562.

Jiménez, J. R., Ponce, A., Jiménez Del Barco, L., Díaz, J. A., & &
Pérez-Ocon, F. (2002). Impact of induced aniseikonia on
stereopsis with random-dot stereogram. Optometry and Vision
Science, 79(2), 121–125. doi:10.1097/00006324-200202000-
00014

Jokela, M., & Hanin, Y. L. (1999). Does the individual zones of
optimal functioning model discriminate between successful
and less successful athletes? A meta-analysis. Journal of Sports
Sciences, 17(11), 873–887. doi:10.1080/026404199365434

Kim, H. W., Kim, C. Y., & Blake, R. (2017). Monocular percep-
tual deprivation from interocular suppression temporarily
imbalances ocular dominance. Current Biology, 27(6), 884–
889. doi:10.1016/j.cub.2017.01.063

Kompaniez, E., Sawides, L., Marcos, S., & Webster, M. (2013).
Adaptation to interocular differences in blur. Journal of Vision,
13(6), 19–19. doi:10.1167/13.6.19.doi

Krause, J., & Nelson, C. (2018). Basketball skills & drills.
Champaing, IL: Human Kinetics.

Laby, D. M., Kirschen, D. G., & Pantall, P. (2011). The visual
function of olympic-level athletes-an initial report. Eye &
Contact Lens, 37(3), 116–122. doi:10.1097/ICL.
0b013e31820c5002

Mann, D. L., Abernethy, B., & Farrow, D. (2010). The resilience
of natural interceptive actions to refractive blur. Human
Movement Science, 29(3), 386–400. doi:10.1016/j.humov.2010.
02.007

Mann, D. L., Ho, N. Y., De Souza, N. J., Watson, D. R., & Taylor,
S. J. (2007). Is optimal vision required for the successful
execution of an interceptive task? Human Movement Science,
26(3), 343–356. doi:10.1016/j.humov.2006.12.003

Mazyn, L. I. N., Lenoir, M.,Montagne, G., & Savelsbergh, G. J. P.
(2004). The contribution of stereo vision to one-handed catch-
ing. Experimental Brain Research, 157(3), 383–390. doi:10.1007/
s00221-004-1926-x

McKee, S. P., & Taylor, D. G. (2010). The precision of binocular
and monocular depth judgments in natural settings. Journal of
Vision, 10(10), 5–5. doi:10.1167/10.10.5

Nabie, R., Andalib, D., Amir-Aslanzadeh, S., & Khojasteh, H.
(2017). Effect of artificial anisometropia in dominant and non-
dominant eyes on stereoacuity. Canadian Journal of
Ophthalmology, 52(3), 240–242. doi:10.1016/j.jcjo.2016.11.008

O’Connor, A. R., Birch, E. E., Anderson, S., & Draper, H. (2010).
Relationship between binocular vision, visual acuity, and fine
motor skills. Optometry and Vision Science, 87(12), 942–947.
doi:10.1097/OPX.0b013e3181fd132e

Odell, N. V., Hatt, S. R., Leske, D. A., Adams,W. E., &Holmes, J.
M. (2009). The effect of induced monocular blur on measures
of stereoacuity. Journal of AAPOS, 13(2), 136–141. doi:10.
1016/j.jaapos.2008.09.005

Odell, N. V., Leske, D. A., Hatt, S. R., Adams,W. E., &Holmes, J.
M. (2008). The effect of Bangerter filters on optotype acuity,
Vernier acuity, and contrast sensitivity. Journal of AAPOS, 12
(6), 555–559. doi:10.1016/j.jaapos.2008.04.012

Basketball free-throws performance depends on the integrity of binocular vision 7

https://doi.org/10.1016/j.visres.2010.10.009
https://doi.org/10.1101/219816
https://doi.org/10.1111/cxo.12267
https://doi.org/10.1111/j.1475-1313.2008.00575.x
https://doi.org/10.1111/j.1475-1313.2010.00750.x
https://doi.org/10.1123/jsep.34.5.580
https://doi.org/10.1016/j.visres.2016.08.006
https://doi.org/10.1016/S0166-4115(08)62386-9
https://doi.org/10.1016/S0166-4115(08)62386-9
https://doi.org/10.1016/j.visres.2015.02.009
https://doi.org/10.1016/j.visres.2015.02.009
https://doi.org/10.1016/0042-6989(86)90010-6
https://doi.org/10.1097/00006324-200202000-00014
https://doi.org/10.1097/00006324-200202000-00014
https://doi.org/10.1080/026404199365434
https://doi.org/10.1016/j.cub.2017.01.063
https://doi.org/10.1167/13.6.19.doi
https://doi.org/10.1097/ICL.0b013e31820c5002
https://doi.org/10.1097/ICL.0b013e31820c5002
https://doi.org/10.1016/j.humov.2010.02.007
https://doi.org/10.1016/j.humov.2010.02.007
https://doi.org/10.1016/j.humov.2006.12.003
https://doi.org/10.1007/s00221-004-1926-x
https://doi.org/10.1007/s00221-004-1926-x
https://doi.org/10.1167/10.10.5
https://doi.org/10.1016/j.jcjo.2016.11.008
https://doi.org/10.1097/OPX.0b013e3181fd132e
https://doi.org/10.1016/j.jaapos.2008.09.005
https://doi.org/10.1016/j.jaapos.2008.09.005
https://doi.org/10.1016/j.jaapos.2008.04.012


Pardhan,S.,&Gilchristt, J. (1990).Theeffect ofmonocular defocus
on binocular contrast sensitivity. Ophthalmic & Physiological
Optics, 10(1), 33–36. doi:10.1016/j.enbuild.2015.07.013

Park, C. K., Kim, D. W., & Lee, C. K. (2018). Near and distance
stereoacuity in patients with primary open-angle glaucoma.
Journal of Glaucoma, 27(6), 537–542. Doi:10.1097/IJG.
0000000000000963

Paulus, J., Tong, J., Hornegger, J., Schmidt, M., Eskofier, B., &
Michelson, G. (2014). Extended stereopsis evaluation of pro-
fessional and amateur soccer players and subjects without
soccer background. Frontiers in Psychology, 5(October), 1–7.
doi:10.3389/fpsyg.2014.01186

Piano, M. E. F., & O’Connor, A. R. (2013). The effect of degrad-
ing binocular single vision on fine visuomotor skill task perform-
ance. Investigative Ophthalmology & Visual Science, 54(13),
8204–8213. doi:10.1167/iovs.12-10934

Piras, A., Lobietti, R., & Squatrito, S. (2014). Response time, visual
search strategy, and anticipatory skills in volleyball players. Journal
of Ophthalmology, 2014, 189268. doi:10.1155/2014/189268

Quevedo-Junyent, L., Aznar-Casanova, J. A., Merindano-Encina,
D., Cardona, G., & Solé-Fortó, J. (2011). Comparison of
dynamic visual acuity betweenWater Polo players and sedentary
students. Research Quarterly for Exercise and Sport, 82(March
2015), 37–41. doi:10.5641/027013611X13275192111664

Ripoll, H., Bard, C., & Paillard, J. (1986). Stabilization of head and
eyes on target as a factor in successful basketball shooting.
Human Movement Science, 5(1), 47–58. doi:10.1016/0167-
9457(86)90005-9

Rutstein, R. P., Fullard, R. J., Wilson, J. A., & Gordon, A. (2015).
Aniseikonia induced by cataract surgery and its effect on bin-
ocular vision. Optometry and Vision Science, 92(2), 201–207.
doi:10.1097/OPX.0000000000000491

Ryu, D., Abernethy, B., Mann, D. L., & Poolton, J. M. (2015).
The contributions of central and peripheral vision to expertise
in basketball: How blur helps to provide a clearer picture.
Journal of Experimental Psychology. Human Perception and
Performance, 41(1), 167–185. doi:10.1037/a0038306

Sillero, M., Refoyo, I., Lorenzo, A., & Sampedro, J. (2007).
Perceptual visual skills in young highly skilled basketball
players. Perceptual and Motor Skills, 104, 547–561. doi:10.
2466/PMS.104.2.547-561

Solomon, H., Zinn,W. J., & Vacroux, A. (1988). Dynamic stereoa-
cuity: A test for hitting a baseball? Journal of the American
Optometric Association, 59(7), 522–526.

Vera, J., Jiménez, R., Cárdenas, D., Redondo, B., & Antonio, J.
(2017).Visual function,performance, andprocessingofbasketball
players versus sedentary individuals. Journal of Sport and Health
Science. Epub ahead of print. doi:10.1016/j.jshs.2017.05.001

Vera-Diaz, F. A., Woods, R. L., & Peli, E. (2010). Shape and indi-
vidual variability of the blur adaptation curve. Vision Research,
50(15), 1452–1461. doi:10.1016/j.visres.2010.04.013

Weakley Jr, D. R. (2001). The association between nonstrabismic
anisometropia, amblyopia, and subnormal binocularity.
Ophthalmology, 108(1), 163–171. doi:S0161-6420(00)00425-5
[pii]

Zhang, P., Bobier, W., Thompson, B., & Hess, R. F. (2011).
Binocular balance in normal vision and its modulation by
mean luminance. Optometry and Vision Science, 88(9), 1072–
1079. doi:10.1097/OPX.0b013e3182217295

Zwierko, T., Jedziniak, W., Florkiewicz, B., Stępiński, M., Buryta,
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