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Extended Abstract

Background and Purpose

In the past two decades, mechanisms underlying athletic expertise have garnered increasing
attention from researchers. Elite sports performance relies not only on physical abilities but also on
efficient visual information processing and rapid decision-making. Visual search strategies,
involving eye movements such as fixations and saccades, enable athletes to anticipate and respond
to dynamic environmental cues. Previous research has shown differences in gaze behavior between
athletes and non-athletes. Most studies have focused on real-game situations, making it difficult to
separate the effects of general sports experience from task-specific knowledge. To address this
research gap, dynamic, standardized, non-sport-specific visual tasks can be used to examine
fundamental gaze behavior under controlled conditions. Therefore, the purpose of this study was to
compare key gaze behavior indices, including the number of fixations, the number of saccades, and
fixation duration, between athlete and non-athlete students during a controlled dynamic visual
tracking task using eye-tracking technology.

Methods

This study, adhering to ethical research guidelines, utilized a causal-comparative design to compare
visual search indices (number of fixations, saccades, and fixation duration) between athletes and
non-athletes. The sample included 89 students, with 45 athletes and 44 non-athletes, selected
through convenience sampling. In an orientation session, the purpose and procedures of the study
were explained. Demographic data (age, gender, type of sport) were collected via questionnaire.
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Visual acuity was verified using a Snellen chart, ensuring normal vision for all participants. Eye
movements were recorded using the EyeLink 1000 Plus device at a sampling rate of 500 Hz.
Participants were seated 70 cm from the display, with chins stabilized to minimize head movement.
A 25-mm lens camera was positioned 45 cm away. The research protocol was designed using
Experiment Builder in three stages: first, a 9-point calibration, followed by validation, and then a
20-second dynamic visual task, which was created in Blender 4.3.2. The task involved a point-
shaped visual target with an angular size of 0.775 degrees, moving horizontally in a regular
triangular wave pattern at five velocities (20-100 degrees/second). Participants tracked the target
without prior training, and the eye-tracking task took less than five minutes for each individual.
Eye-tracking data were analyzed using DataViewer software. Fixations (threshold: 100-700 ms)
and saccades (minimum angular velocity: 30 degrees/second) were extracted, with blinks and
incomplete data excluded. Data normality was assessed using the Shapiro-Wilk test, and variance
homogeneity was evaluated with Levene's test. Independent t-tests were applied for normally
distributed data, and Mann-Whitney U tests for non-normally distributed data. All statistical
analyses were conducted in SPSS 26 with a significance level of 0.05.

Results

This study investigated visual search indices (fixations, saccades, fixation duration) in 89 students
(45 athletes, 44 non-athletes) during dynamic visual tracking. Athlete (21.78 + 1.56 years) and non-
athlete (21.43 £ 1.95 years) groups were similarly aged; among athletes, 64.4% participated in ball
sports and 35.6% in non-ball sports. Athletes exhibited fewer saccades (M = 22.63 vs. 28.36) and
fixations (M = 13.57 vs. 18.25) than non-athletes; fixation duration was slightly shorter in athletes
(344.25 ms vs. 352.01 ms). Shapiro-Wilk tests indicated normality in non-athletes for all variables
(p = 0.05), whereas athletes showed non-normal distributions for saccade (p = 0.017) and fixation
counts (p = 0.015), though fixation duration was normal (p = 0.448). Accordingly, Mann—Whitney
U tests revealed significantly fewer saccades (p = 0.003) and fixations (p = 0.002) in athletes (mean
ranks: 36.83 and 36.80) versus non-athletes (53.35 and 53.39). An independent t-test with corrected
variance (F = 4.898, p = 0.030) showed no significant difference in fixation duration (t = 0.697, p =
0.488). Heatmaps weighted by fixation count revealed athletes displayed more uniform, targeted
gaze patterns focused on direction-change points with fewer fixations on straight segments (40—
100°/s), whereas non-athletes showed dispersed gaze across the entire path, indicating athletes'
superior motion tracking and prediction. Supplemental analysis comparing ball versus non-ball
sport athletes found non-significant differences in saccades (p = 0.176), fixations (p = 0.213), and
fixation duration (p = 0.052), though ball-sport athletes showed numerically higher saccade and
fixation counts. These patterns may reflect sport-type-specific visual strategies requiring further
investigation.

Conclusion

This study compared gaze behavior between athletes and non-athletes during dynamic visual
tracking. Athletes executed significantly fewer saccades and fixations than non-athletes, whose
more dispersed eye movements reflected less efficient visual search. Fixation duration did not differ
between groups, likely due to the task's simplicity reducing the need for gaze adjustments. These
findings indicate that gaze differences reflect distinct visual strategies rather than performance
disparities. Exploratory analysis revealed no significant differences between ball and non-ball sport
athletes in saccades, fixations, or fixation duration, warranting further investigation. Results
demonstrate that group differences in gaze behavior emerge even in simplified, non-sport-specific
tasks, supporting controlled dynamic paradigms for examining eye movement tendencies. Future
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research should complement these basic assessments with complex, sport-realistic tasks to
comprehensively understand visual strategies.
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Article Message

This study shows that athletes and non-athletes differ in their eye movement patterns even during a
simple, non-sport tracking task, with athletes making fewer saccades and fixations. The findings of
this study emphasize the effectiveness of controlled dynamic visual tasks in identifying visual
search strategies and provide a methodological framework for future research in this area.
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Figure 3- Fixation density heatmap using Kernel Density Estimation (KDE) in athletes
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Figure 4- Fixation density heatmap using Kernel Density Estimation (KDE) in non-athletes

09,5 5 & Al g9 (wlwly (LIRS 5 0l alosil L0559 09,5 (59, (eSS Jedod G Lol slo Sl ogdle
Slass ;3 09,5 90 o a5 Bl LiS Shgm e 92 Qyﬂ els Wl el (20,0 YOIF) 095 5 9 (Qo)0 #YIT) oo

i o5 LS55 50 48 5eSlis 5 Sl 392y (6 loline Dglis (P=+ /Y1) oot slast g (p=+/1VF) LaalSLe

Golel Sl aS sg me OS50 5l i a9 LSS5 50 Cun plojie (ke ¢ hlieys g 95 e
D=1+ OY) 2555 Jolins

S5 AR g

50 0ylosd VA 0598 AFD jurly (35> S,



RULSEPPEL Y as
OS5 09568 5 5508 oot |y (Canss ylojioas g sty slutas doalSlus olias) Sy 58, (slacglis anlllas !
Solobire job dr GlIKG559 8 5o b 5 olils slaws oS obs (Lad s 0,8 anslie by oo, 2SS S5 0
OLSes 5 olym Ghogh @l b pole laasdly cunlas (g)loline wglds conts Glojae Lol gy (l)IS055 50 51 i
Pl (5 kaS slacuns slaws 18559 e ol 31 b auslia )3 JLdly 148> IS5 5 o] Giaghy 50 0 )ls Jlgsuen
Cshans jguly s 5 ool Adgl s alaz 5| S5 L as e SLO] (25 4 Baas | 055 5l azgi 5 sl
S a3 e ol ()8 68l cnl o S o0 JLis 1) 05 S o olS s JI8055 59 08 Sl a5 Jl> )3 s S (oo
5 S5 i jsb 4 (M) Cosl olyom G0lS (25 (g9, yoban 35500 5 (oodr SIS o Slaad a5 L (L35 420
Sl o0 LaolSlo slasd fals 5 pader S5 ,> lagll (giluane b (o055 4,25 a5 Wo,S (5,15 5 oS
GG 5o 85508 o Jbaie (L5555 alie b glaalllas o o 1en 7 uiy g6 il Lily ran y0 (FY)
otz O > sl Lol o onalice 09,5 50 (s 0, Shee S0 0 (g lole Dglas a5 wislsy las £ L& e ol
Szge dalsd JUS jo pol> (Legh slaatil ggazmes (V) 0g el 5 5jsmecbon jasiie jsbay o555 )
5 Dglis 4 aST 51 G gy IS j0 K508 5 K555 e (S )18, lacslas o el ol 51 Sl
ot s b sy 9 i el i i Sgite slogSl QL bl Lyrye g5 3S0ac
s 50 bes o bolSls slaxs zals ohsa Sy 518, o sabodnlic s ol o0l Cod caniins
A (ol aF ares o oyl algd ail e’ Slio-glalal aSis og ol IS Obl peiae ué Hsb 4 Wilg e
lply wigd Colia Gl x5 xS 4 pie OS> 45 WIS e e (olin e joTeuglsl asds obul L
i emecdan Colue jo 4l opl i gl lS b5k Vel bbaanis g olSle slass 4o cadosslice glocgles
(D) el Lgy (6 py IS5 o

4 a5 Cul i oo, GlSS ot BB g ool cuale 5l 236 Vst s lejae 4o lolie glis 34
088 1, (S 8, STl ol sy ISl 5 05 o S Tl lan Ll (55 3pmn 5 5L oS
0dyd i b otz lacasdae jo Loes a5 o lojne pdylasl das 4 Lol ol 50 (V8 YY) WS 0
ooima il wlgs o bl il L2355 adly gloazily L 4T gl ) azets ol el iy 4VY) s (5L 395 oo
2 ol oz sl a5 wims o oyli daled il CalSS Lyl 4y gely 1o ol sl sl (g pdyilias]
AT V) S o5 willys oo 92nr Slaslyinl danl 8 4 iy 5 wlaily Laoee (Saezey 5 2SS Glo S
OLES S plojae j g s daslilu slasd jo 09528 5 (a8 OS5 m | 6)loline Dglds (oSS el
4 g bl ails ojlil Lo, sbbald; e olin oz Sl o S5 lagley 4 Cunl S a0l
slaally sile wspar (oilon 50 608 slosls a5 WS Gl 5 oLSes 90555 el Sl i (o)
as wisls olad (Yo V0) pedg9 9 Oylanly opizmen (YY) 0,135 ,...L; b Gomins o Slos p Wilg o o 5Ll

VZhang

y Styrkowiec

v The ParietoFrontal Network
fPriority Map

5. Wagner
6. Reinhart & Woodman

50 05lois A 030 AFD by (55 o ,LS,



hlg w3103 59 7€ 9 OR339 (e (S S S Al
559 425 Jeds  aslllas cpl GIG555 50 a5 Coul atinls Doeaily alibl> sla pleil 4 b e 2L
AYF) 090 00l Cogls

(s Sloog S ple @ bl Gl a5 0g olx; dupd olKiils ylgmiils 4 dgame pol> adlllae (5Ll anel>
b s Al ye izl Grizen WS oo olpen bLISIL ) (oomdils gt glacerer b lad > o525,
oM Sy asl aslds 50U (GlIRG 558 )0 ohigh (e SIS Cud S8 Cul (See ol IS
6 izan 5 o Gogail 5LS SlaQllys 5 Comiz (o Sy Condy colladl (155 aw aile o ymiie
il 885 sy ity 23158 51 Jolo slaools 33 Shos £83 s el (Son 1 Syl b (K e lagme Jolye
Ol B oS eolitul (g 5g5e g pooyinS (k] slaarsl> 5l san] lajimgh 4i o Slpiin dacasgase
oy (rized Nigh JSUS 65 EE0 b 4 hagh g fie slagiie lejee 5 b Gl @S g ndieens
5 Fodezn &S 5l (I S el gleadlie vy sl ead S QIS Lis LS s a5 09l e
S soyal, Sl simelr Sy osh eslinul 1 (2355 adly slacedse 4 FSiag Lulpd o ent ol
ol s

Wlio ply

@l 97z sboyaly olulis jo 0ai 7S 5 Ly ra BSS I eslinul ual )5 5 dalllae (ol sloazily
S oo ol 059> nl 50 ] slataghy sl LSy, 297 lr 5 20 aST

Sl ol

el 0t sl VEFIFYA ¥ 255 o)l b oloy g 0 o olKetils o Clas b gakons o

I s S

ol aly S]] las & 3 o ol gy sloJoalpgis U s e

OB s g &5 5L

imls LS 5 Lo gty e (sla e G35 5 Loy 3 (S sty aen

&L 2,

D, 392y (gadlie ()5 WigSmed (s LI Ly

oyl g S

S axbls (6,5en olSiwd b )5 5wz (oboy Ghjgel 0 a8 (28,005 ohaga (s slid g Shegh Cdglas 3l wileres
Sl LS e 5 By G s IS 5 4 (it o o

&bo

1. Murray NP, Hunfalvay M. A comparison of visual search strategies of elite and non-elite tennis
players through cluster analysis. J Sports Sci. 2017;35(3):241-6.
https://doi.org/10.1080/02640414.2016.1161215

2. Davids K, Williams AM, Williams JG. Visual perception and action in sport. London: Routledge;
2005.

50 05lois A 030 AFD by (55 o ,LS,


https://doi.org/10.1080/02640414.2016.1161215

ol g g8l w0 v

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Afshar M, Rostami R, Chahardah Cherik M. Comparison of visual skills in soccer referees with
fewer and more mistakes. Motor Behavior. 2018;10(34):75-90.
https://doi.org/10.22089/mbj.2019.6457.1721 [In Persian].

Posner MI, Petersen SE, Fox PT, Raichle ME. Localization of cognitive operations in the human
brain. Science. 1988;240(4859):1627-31. https://doi.org/10.1126/science.3289116

Bisley JW. The neural basis of visual attention. J Physiol. 2011;589(Pt 1):49-57.
https://doi.org/10.1113/jphysiol.2010.192666

Mohammadhasani N. Investigating the role of eye tracking technology in learning research: a ten-
year study. 2020;7(41):24-45. [In Persian].

Vickers JN. Perception, cognition, and decision training: The quiet eye in action. Champaign (IL):
Human Kinetics; 2007.

Alder D, Ford PR, Causer J, Williams AM. The coupling between gaze behavior and opponent
kinematics during anticipation of badminton shots. Hum Mov Sci. 2014;37:167-79.
https://doi.org/10.1016/j.humov.2014.07.002

Morgan S, Patterson J, MacMahon C, Farrow D. Differences in oculomotor behaviour between elite
athletes from visually and non-visually oriented sports. Int J Sport Psychol. 2009;40(4):489-503.
Abernethy B. Selective attention in fast ball sports. 1l: Expert-novice differences. Aust J Sci Med
Sport. 1987;19(4):7-16.

Wilson TA, Falkel J. SportsVision: training for better performance. Champaign (IL): Human
Kinetics; 2004.

Vansteenkiste P. Fewer fixations of longer duration can lead to more fixations of longer duration: A
commentary on the description of the visual behaviour of expert performers in sports. Ger J Exerc
Sport Res. 2022;52(1):198-9. https://doi.org/10.1007/s12662-021-00753-3

Shirmehenji F, Namazizadeh M, Sheikh M, Rafiee S. The role of visual search behavior and the
verbal report in anticipation skill of skilled and non-skilled badminton players in smash hits. J Res
Rehabil Sci. 2018;14(5):274-81. https://doi.org/10.22122/jrrs.v14i5.3387 [In Persian].

Ashford M, Abraham A, Poolton J. Understanding a player’s decision-making process in team
sports: a  systematic  review of  empirical evidence. Sports. 2021;9(5):65.
https://doi.org/10.3390/sports9050065

Huttermann S, Noél B, Memmert D. Eye tracking in high-performance sports: Evaluation of its
application in  expert athletes. Int J Comput Sci Sport. 2018;17(2):182-203.
https://doi.org/10.2478/ijcss-2018-0011

Tatara S, Toda H, Maeda F, Ito A, Handa T. Comparison of the saccadic eye movement ability of
female professional basketball players and non-athletes. Appl Sci. 2024;14(3):1108.
https://doi.org/10.3390/app14031108

Klostermann A, Moeinirad S. Fewer fixations of longer duration? Expert gaze behavior revisited.
Ger J Exerc Sport Res. 2020;50(1):146-61. https://doi.org/10.1007/s12662-019-00616-y

Mann DTY, Williams AM, Ward P, Janelle CM. Perceptual-cognitive expertise in sport: A meta-
analysis. J Sport Exerc Psychol. 2007;29(4):457-78. https://doi.org/10.1123/jsep.29.4.457

Kredel R, Hernandez J, Hossner EJ, Zahno S. Eye-tracking technology and the dynamics of natural
gaze behavior in sports: an update 2016-2022. Front Psychol. 2023;14:1130051.
https://doi.org/10.3389/fpsyq.2023.1130051

Panchuk D, Vine S, Vickers JN. Eye tracking methods in sport expertise. In: Baker J, Farrow D,
editors. Routledge handbook of sport expertise. London: Routledge; 2015. p. 176-87.

50 05lois A 030 AFD by (55 o ,LS,


https://doi.org/10.22089/mbj.2019.6457.1721
https://doi.org/10.1126/science.3289116
https://doi.org/10.1113/jphysiol.2010.192666
https://doi.org/10.1016/j.humov.2014.07.002
https://doi.org/10.1007/s12662-021-00753-3
https://doi.org/10.22122/jrrs.v14i5.3387
https://doi.org/10.3390/sports9050065
https://doi.org/10.2478/ijcss-2018-0011
https://doi.org/10.3390/app14031108
https://doi.org/10.1007/s12662-019-00616-y
https://doi.org/10.1123/jsep.29.4.457
https://doi.org/10.3389/fpsyg.2023.1130051

A

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

w359 58 9 ) 559 (e (5 B LSy dey Lo
Styrkowiec P, Czyz SH, Hy6ni J, Li J, Oksama L, Ras M. Gaze behavior and cognitive performance
on tasks of multiple object tracking and multiple identity tracking by handball players and non-
athletes. Percept Mot Skills. 2024;131(3):818-42. https://doi.org/10.1177/00315125241235529
Alemanno M, Di Pompeo I, Marcaccio M, Canini D, Curcio G, Migliore S. From gaze to game: A
systematic review of eye-tracking applications in basketball. Brain Sci. 2025;15(4):421.
https://doi.org/10.3390/brainsci15040421
SR Research. EyeLink 1000 Plus. 2023 [cited 2024 Aug 8]. Available from: https://www.sr-
research.com/eyelink-1000-plus/
Tatler BW, Kirtley C, Macdonald RG, Mitchell KMA, Savage SW. The active eye: Perspectives on
eye movement research. In: Horsley M, Eliot M, Knight BA, Reilly R, editors. Current trends in eye
tracking research. Cham: Springer; 2013. p. 3-16. https://doi.org/10.1007/978-3-319-02868-2_1
Blender Foundation. The freedom to create. 2007 [cited 2024 Aug 8]. Available from: About —
Blender.
SR Research. Experiment Builder. 2017 [cited 2024 Aug 8]. Available from: https://www.sr-
research.com/experiment-builder/
SR Research. Data Viewer. 2017 [cited 2024 Aug 8]. Available from: https://www.sr-
research.com/data-viewer/
Holmgvist K, Nystrom M, Andersson R, Dewhurst R, Jarodzka H, Van de Weijer J. Eye tracking: A
comprehensive guide to methods and measures. Oxford: Oxford University Press; 2011.
Hooge ITC, Holleman GA, Haukes NC, Hessels RS. Gaze tracking accuracy in humans: One eye is
sometimes better than two. Behav Res Methods. 2019;51(6):2712-21.
https://doi.org/10.3758/s13428-018-1135-3
Heysieat Talab S, Valizade Fard S, Hodanlou R. The application of eye-tracking devices in cognitive
sciences. Iran J Lab Knowl. 2021;3(35):8-17. [In Persian].
Piras A, Lobietti R, Squatrito S. A study of saccadic eye movement dynamics in volleyball:
Comparison between athletes and non-athletes. J Sports Med Phys Fitness. 2010;50(1):99-108.
Zhang Q, Huang Z, Li L, Li S. Visual search training benefits from the integrative effect of enhanced
covert attention and optimized overt eye movements. J Vis. 2022;22(8):7.
https://doi.org/10.1167/jov.22.8.7
Wagner J, Zurlo A, Rusconi E. Individual differences in visual search: A systematic review of the
link between visual search performance and traits or abilities. Cortex. 2024;178:51-90.
https://doi.org/10.1016/j.cortex.2024.05.020
Reinhart RMG, Woodman GF. Enhancing long-term memory with stimulation tunes visual attention
in one trial. Proc Natl Acad Sci U S A 2015;112(2):625-30.
https://doi.org/10.1073/pnas.1417259112

50 oylasd A 0y98 AFD jwl o 35, S,


https://doi.org/10.1177/00315125241235529
https://doi.org/10.3390/brainsci15040421
https://www.sr-research.com/eyelink-1000-plus/
https://www.sr-research.com/eyelink-1000-plus/
https://doi.org/10.1007/978-3-319-02868-2_1
https://www.sr-research.com/experiment-builder/
https://www.sr-research.com/experiment-builder/
https://www.sr-research.com/data-viewer/
https://www.sr-research.com/data-viewer/
https://doi.org/10.3758/s13428-018-1135-3
https://doi.org/10.1167/jov.22.8.7
https://doi.org/10.1016/j.cortex.2024.05.020
https://doi.org/10.1073/pnas.1417259112

