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Abstract 
Athletes are consistently striving to reach their performance peak. using 

methods from steroids to hypnotism. This paper concentrates on finding an 
aspect of the visual system that separates the superior athlete from the poorer 
athlete. The subject group nwst be one whose respective sport requires a high 
degree of visual abilities. For this reason~ the Ferris State University womens 
varsity tennis team was chosen. Most of the tests used were selected on the 
basis that they had previously been shown to test visual skiHs that are 
significantly more efficient in superior athletes vs. lesser athletes and athletes 
vs_ nonathletes. The visual s~ills tested were static distance acuities .. distance 
heterophorias .. near point of convergence~ distance vergence facility, distance 
stereopsis, saccades, peripheral visual fields, and contrast sensitivity function. 
At the request of the tennis coach, the role of eye dolninancy was investigated. 
If the data proves the hypothesis~ this information can be used to develope a 
visual training program that may potentially enhance athletic performance. 

Introduction 
Athletics at the college level and abo\o-e are responsible for mi:lions of dollars 

in revenue each year_ Thus. athletes and coaches are consistently looting into 
areas that may improve the athlete's performance. One of the areas that more 
people are loo~ing at~ is the field of sports vision. Optometrists are not oniy 
providing vision care for athletes at the college~ Olympic, and professional 
levels, but also at the recreational, Little league, and high school ranks. 1 The 
United States Olympic Committee has such high regard for the area of sports 
vision, that they have developed a vision performance and enhancement facility 
at the Olympic Training Center in Colorado Springs, Colorado. 2 

When attempting to find a correlation between visual performance and 
athletic performance, we must ~eep in mind these three assumptions provided by 
Stine, upon his review of the literature: 

1) athletes have better visual abilities than nonathletes and that better 
athletes have better visual abilities than the poorer athlete. 

2) visual abilities are trainable 
3) visual training, of visual abilities, is transferable to the performance of the 

athlete. 3 

The basis for this paper depends on the fist two assumptions. Throughout the 
literature~ studies have shown that the superior athlete posesses better visual 
stills in the areas of: 

1) lower amounts of heterophoria at distance 
2) closer near point of convergence 
3} distance vergence facility 
4) distance stereopsis 
5) more accurate saccadic eye movements 
6) larger peripheral visual field 
The womens tennis team was selected for this study due to the fact that all 

or the visual s~ills previously mentioned are required for successful tennis play. 
The only group that may have a higher visual demand than a tennis player is a 
baseball player. However. the sport of tennis allows for a more direct 
evaluation of the better player to the lesser player. Whereas in baseball, the 
direci comparison of the overall abilities of a catcher to an ouifieider is not as 
easy. By ranking each player at each visual skill tested, and utilizing the 
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play~s seeding on the team .. a direct comparison can be made. 
The battery or tests were chosen based on the fact that they are mentioned 

in the literature as being requimd for good athletic performance. Except .. in the 
case of contrast sensitivity function. No intonna tion was found relating it to 
athletic performance. Also influencing the selection of the testing .. was the ease 
of ad~inistration at the Ferris State Coiiege of Optometry Ciinic. The inciusion 
of eye dominancy and how it relates to preferred stroke{back.hand or forehand) 
into this study was requested by the tennis coach. He had theorized that a right 
handed player who preferred a forehand shot might be lett eye dominate .. since 
that eye would have a better view of the ball. In other words a player who 
preferred a forehand shot would be crossed eye-hand dominate and a pia yer 
who preferred a backhand shot would be uncrossed dominate. 

The major goal of this project is to determine if certain visual sk.ills can be 
singled out as being more effecient in a superior athlete vs. a lesser athlete. in a 
visually demanding sport such as tennis. Also .. eye dominancy and it"s iole in 
tennis wiD be investigated. 

tr.4ethods 
Static visual acuity at distance: 

Visual acuities were taken in a standard room with standard illwRination. 
The need to see sharply and clearly in any sport goes without saying .. especially 
in tennis where the bail creates enough blur just by the speed that it moves. 

Distar.ce !".eterop.~ia 
This measurement of the eye"s alignment was done in a standard room with 

standard illumination. The target used was a single snellen letter one size larger 
than the visual acuity. The amount of heterophoria was determined using loose 
prisMS according to the athlete"s subjective response. In a study done by Grayiel 
et al, they reported significantly lower amounts of heterophoria .. at distance .. 
when comparing twenty-five champion tennis pia yers to one hundred and 
ninety-four untrained students. 4 

Near point of convergence (NP C} 
The NPC was tested in a standard room with standard illumination. The 

target used was a 20/30 nearpoint letter. NPC was recorded as the distance 
from the corneal apex to the point at which the subject experienced diplopia, as 
the examiner moved the target closer. If no subjective diplopia was noted .. the 
objective break of fusion was recorded. In a screening of fifty little Leaguers 
aged eleven to thirteen .. F alkowits and Mendel discovered a nearly linear 
correlation between NP C and batting averages. The closer the NP C. the higher 
the batting average of the subject5 

V agence faci;ity at distance 
Utilizing a 481 and a 880 loose prism .. vergence facility was measured in a 

standard room with standard illumination. A single Snellen letter one size larger 
than the visual acuity was used as the target The a ihleie was instrucied io 
say ·single• when the target became one. after prism insertion. The vergence 
facility was recorded as completed cycles in one minute. In a report comparing 
visual skills of athletes to nonathletes .. the athletes significantly completed more 
cycles per minute than the nona thletes. 6 
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Distance stereopsis 
This is the ability to judge not only how far away a ball or an opponent is but 

also how fast and in what direction it is moving. This was measured using the 
Howard-Dolman apparatus, with the subject at ten feet The athlete was 
instructed to move the pegs to maximum disparity and then move them closer 
until they appeared to be straight across from each other_ Four trials were run 
and these were used to determine stereopsis. Olson compared depth perception 
between varsity college athletes, intramural athletes, and nonathletes. using 
the Howard-Dolman apparatus. He found that the varsity athletes had better 
Stereopsl·s than the a·ntramu·a• ~.~-&..:-"~s ~-~ ... ~..e ;-"-~-··-~• ~ ... ~....~.;.~- :...~"' &..eu~' I C1lUitaC 1 c:I.IIU lll IIIli C1111UI C11 C1lHIClC~ UC1w U llCI 

ctera.nncic th~n tho nnn~thlot~ 7 
... ""'"......... &I I .... II &. '"' I 1'-'1 I'-& &I 11"-' ....... ._.. I 

Saccadic eye roovemenis ai disiance 
Saccadic eye movements aie quic~. abmpt muycments of the eye as it 

rh~nn~ fiv~tinn frnnt nno nnint tn -onnthor Tho mothntl fnr toc:-tinn c-orr':ldo~ 
... I~ I •::...,. .... I , • .,."-& &1"'1 I I I ..,, .. VI 1'-r I"'"'' I & &U ...... '"'&I'"'' • I I'"' Ill" &.1 ,..,,_. I VI .. " .... &II I~ ............. ._,_. "' .. 

was adopted froM the method Y-~ by Chri..~tensoo and Winkelstetn. j), 

Transparencies of ihe Deveiopmeniai Eye iviovemeni Tesi (DEivi) were 
-·- ·--""-~ --""' - ii -· --~-- .... ------ ... ~""" "'~- ---;--"'-· - _ .... ,.. &.a..:- .a.- -"' ... __ C:--· t'l UJCiolCU UUlU C11 UYCI UCC1U :>t.l CCU, Willi UIC t'l UJC'-lUI C1UU C1UIIClC Ql lCII I CCl. 

fhe athlete was timed to the nearest tenth of a second an the t·wc vertica! 
tests and the one horizontal test A rat;.~ of the horizontal tlme to the vertical 
iime was used io esiabiish a standard score. Christenson and Winiteisiein"s 
........ ..,... -~-.. .-.,. •~-• _____ .,.. __ -·- ~-"-" :- _ ........ _., __ ··- ----•~•-"'-- n-•-"'-- -
:> lUUJ :>UU W CU U lc:ll :>C1'-l.C1UC:> C11 C UC llCI Ill C1 U IIC lC:> Y :>. UUIIC1liiiC lC~. na&:> lUll, C1 

rnrmor 1:1 r-onlrotl tannic nl':l•sor ct-oto~ • A mnnn tho hottor nl~uorc unu ~oo lo~c 
Ui 11"1 - 1 1 """11..,.....,._ a.""11111._. f"'I'-A~"'I ...,..,"-A&"v_, 1 IIIIUII~ &II" .,...,.,.,""1 r"l'-&7"1 ., 11 ~"._ ._,.._..., 1...,...,.,.. 

head MOve...ent. Good player!; invariably let truer e~es do the trac~ing ot the 
bali much more man ihier heads."' 9 

P o.rinhor-o I Yl. ~· •-o I fiaJf'l~ 
~i 1 ... 1 1"1 .... I V~"-&1 I 1...,1,.._..., 

Good peripheral vision auows the athlete to Maintain awareness ot what ts 
going un around ihem whiie being abie io conceniraie ihier aiieniion siraighi 
_ ... __ ... T'~- _ ... # ... e-• -1! ....... __ ...._,_., __ ... s··-· 1!._ ..... ···-- ----···-..1 -- - r----- n-.... 
C111CC1U. I IIC Cl\l Ill Ul lUC C1li11ClC:> Yl Uc:ll 'ICIU WC1:> IIICC1~UI CU UU C1 I UtJ'-UU UUWI 

Porimotor n~inn -o lAC: t~rnot ~i7o Lto~~nrOiftontc 1-uoro t~ .. on nt tho hnri7nnt~l 
""I I lei" a."l I WVII I~ "-& I ........ ._ &'-&.1 ~" & ........ ...,. I'W' • ..., .... "" ... ..., ••• ...,.I&.. 'I"Y ..... "' .......... "I I VI &I'" I ...... 1&.'-'1 I &..a.l 

and vertical limits. RudiN investigated athletes in eight sports and nonathtetes 
and found ihai aihieies had significaniiy iarger peripherai fieids.1o 

Eye dominancy 
As mentioned previously# the roie ui eye dorn,nc-mcy and it's role in terarais is 

.. e1· ..... i ........... i ....... te"" ........ e .. ~ .. ,....• .-..ft......_ .................................. c ..... ,...,.w ..... .., ................. .. 
U II~ lll'l''l:r»>LI~U.L W U.L Lll l'l:r"fU'I:r.;»L Ul Liii:: L'l:rlllll.;» O.UO.O.II. L. Jll:r UU111111<1110.' W"rQ.;» 

deterMined by having the exa!Hne!' sit at the end of the exa.l!! !'009'! with one 
eye covered The aihiete was then instructed to use her dominate raquei hand 
(the hand used to hoid the raquet during a forehand) and point at the 
... x ......... i .......... , ............................ .,..~ r ...... .,. ...... ..,_. .............. .,. ... ,.. ...................... .w ........ -.......... -cr.-... .., ..... ,u ... . 
I[;; <.LIIIIIIItrl .. Wtl'lrU'I''I:rl'l:rU C.,l[;;. I ll'l:r C.n<.LIIIIIIC.I O.UUIU Ltl'l:rll WC.LC.IIIIOII'I:r 1[;;,1[;; WUIIIIIIO.In•J' .,, 

how the suhjects f!r:ger aligned with thier eyes. The athletes were classified as 
righi aya dominaia; iefi aya ciominaia; or mixad cioiDinaia. Mixaci ciominancy wac 
deteunlned it the att.iete•s iinger was ailgned at some point between tt·.e eyes. 
Drs. Portal and Romano found that nrembers of the Florida State baseball team 
who were mixed dO!P.!nate had an average batting average of .340. while 
Diavers thai were cross dominate friant eve and iett ila.rtd dominate or ieit eve . , ... ..., , , 
ci.fld rlgtat r.aru1 domlr.ate) averaged .3i0 and piayets that were ur..:rossed 
~---.... •~ ..,.~.., .. .._.. .,en ,, 
UUIIIIIIO.LC. 0.'1'1#1 O.~C.U .LUU . II 



Conirast sensitivity function (CSF) 
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.uu.unat.on. Each eye was tested separately at f.ve different spattal 
frequencies. Even ihough no iiieraiure exisis~ this area was investigated io 
Se_ .. _ .. a=.--_., .... ___ •. .:-u-1-a.•••- "'~-· -·- __ ,_ ... _ ... •- _ ........ _ ... ;·- ---*"---n-e 

C11 t.ll I Ul O.UUiliUIIC11 Yl;;) C1 ;;)lllo.lll;;) llle1l C11 It: I t:IC1lt:U lU C1llllt: l t. t'll::l I UIIIIC1 n. . 

ExaMiners 
Aii examinations of ihe aihieies were performed by ihe author. in order io 

-·~·-;--•e --u "-•-se .... •-•----•- .... --s -~ ..... _ ...... _ ........ s ................ e ___ ..,.. ___ -~ ..... e 
11::1 IIIIIIC1l C1ll.7 UIC1 U 111111::1 t'l It: le1liUII Ul lilt: lilt: I It: Ull;;) 1 lll ;;)t:t:UIII~;;) Ul lll 

~ thlot~ \uoro 1anlo nnutn tturinn tho ~ ""'-iniC"tr~ tinn 
... .. • ....... "'.. .... ..,. .... ~· .;:.. ......... i i .. • •• ·::~ ... '"' ................. ··---· ·-

Discussion 
rne foiiowing discussion wiii describe how each visuai si.iii tested reia ies io 

&.&... - -··--.&.; - .a.&.-.:. -··--..; .. .;_.·-I :.;:1 ... _,..,; ... .. '-=-- .... ___ ..;_ - ~= .;._ ··- ;..:..._ 
llle C1S;;)UIIIt'U011 llle1l., ;;)Ut'II::IIGI YI;;)UC11 S~~~o.m;;) t:I\IStS in lilt: ;;)Ut'II::IIUr C1llllelt: Y;;). lilt: 

!esser athlete. 

Sialic visuai acuiiy 
AS ___ .... .,._ ....... _.,.,.&;_. -oo .. U; ....... a ... _...;ho ; .. ess--.a.; ... l ~-r ~e s--- 0~ ·~--;., n lllt:llliUIIt:U t:C1111t:l ~ !f U 'I'I;;)UC11 C1'-Uil)' I;) t:lllle11 I U lll t'UI l I l.-tllll;;) • 

... nno nf tho ~thlot~ hatl a uicaa~l all"laitu of locc than ?0 hQ+l Mnnnll"lllar!al ~ntl i~vii~ ue •••w ....... ,,,"'.~~ •• ~ Vi..,......,, .,....,....~ • '"'...,,.. • • • ~u•.._ ,,,...,,,..,.,..~, 7 ~,,,_. 

20/l5-2 binOrJJJarJy. While these resuts do not seperate the supenor player frOID 
ihe iesser piayer~ ihey do indicate ihai maximum visuai acuity is a musl 

Dt-~t~nro hotornnhnri~ .., ............................ ,..."" .. .... 
Results from this test ranged from meaSJxements of 1 exophOria to 2 

esophoria.. rne r4 piayer is strabismic and her resuiis were disregarded during 
the e\r-aluat~on. These insignificant findings contiaditts Grayiel"s report: 
.. owouor it iC' net ... nnwn if ho nto~curotl tho hoternnhnriac nhio.-tiuolu nr ; i "'W ..... , I & IV 11 & ..... IU I II I'" IIIW"-&~1 "'~ &I I"' I'"' & vrl '""' I .., V.,. J'-''W &I W '-'' 7 'U'I 

SJJbjettlveJy. In Christenson and Winkelste•n·s study, they foond oo $agmfttant 
difference in heierophorias between athieies and nonaihieies.1z Once again. ii 
is not know"ii if their measurements wae done objectively or subjectively. 

Near pomt ot convergence (NPC) 
Aii of ihe piayers had an NPC near ihree ceniimeiers excepi ihe r6 ami i:fJ 

-•-··-·s r ... ea·r ••n,.. ... ---s···-.. ....,. ~-- __ .. r- .:--- ·-s---.... ··~'"· •• ;s ... ~--·•• •-t'IC1 )'11::1 • I II l'lr \... ;;) lllt:Cl Ul t:U I . "t.lll C111U Ui. i) '-Ill I It: t'ii::C.liYo::ot)'. 11 I Ullllt.Uil lU 

terral~ to th~e fintlinn~ \&.rith lo.uol nf ~ 6 hloti,. IUH'fcr•~nro Unurcuer it rin~ 
I "''"-- &W .,; li:i.- I ' ' ..... ·~... 'fR i ••' ''-' W '-'' ""a '-A. I,, ........ ,.. r~ ' ,,, .... , ''lr'-'• I '" ..-.. '-' y '-' I 't. ,_.""''-' .. 

appear that NPC IS an iMpOrtant visual ~.k.U related to atNetlt pertorm.'inte in 
generai. Furiher iesiing is indicated before any definite reiationship can be .... __ .. ,:.;_.., 
IUt:llllllt:U. 

v erg.enre facility at distance 
rne iesiing of ihis visuaJ skiii appears to indicaie a defmite reiaiionship iu 

....,_ -·--"-· ....,_,.. ·----· a ... •-•e -r ... e •• -·-··-~- -e-····- ··-er- --· .__ •.. .,._ .... ·-lilt: ;;)Ut'II::IIUI C111U 111::;:);:)11::1 llllt: l • I II .-~ tJIC1 )'11::1 ;;) I ;;)Uil;;) W t: IIU l lllt.IUUt:U Ill 

nu~J::-:lti:'-~ nf t":i~ :!~t~ Who:; !nnl-'i~n ~t t!--.o t:f'~r-~ ~ ~tc~:'IJ :!~L:nn :.~ uc:::c..--.. a 
ii•..a w..a••v•• l:e .1,,,.. ~ ..... -.... •• ''"''' '"""""'"'~ -... .. •••'-' ::t• -..,.II, ""' ..,.,..,-..,t;7 ~" .. , .. ,.., ••• ,. "'' ~"'''"-'"' 

facility 1s noted from the P2 player to the P7 player. ·r~e-c;.e f1ndlngs appear to 
be significani even ihough ihe i'i piayer~s resuiis equai ihe iowesi found. 

Dic.t~n,.o eter.a.nneie . ..., -... .... "' .. • ~u,.~ ... 
Again, the P4 player's data was not included in evalUatiOn of thl.~ Ylsual ~ill. 

Many reports exisi supporting ihe iheory ihai superior siereopsis is associai~ 
··~· ...... _ -u-----· -• ... •-•e ........ _ •··-• -s ---·· ·e-ort- ...a--·· ..... _ ..._. .. _ ,._._ ~-m 
WIll I lilt: :t pt:l lUI Clllllt: l 1 WI lilt: JU:» l C1 111e111y I tJ l:t UCIIY llll;;). I lit: UClle1 ~ II UU 
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ihis siudy, shows more suppori for ihe iheory. if ihe firsi naif of ihe ieam is _______ ,. ........ ______ ..... _ ... _,. • .__ ·--m • .__ ·--····- --- .- .- _____ ,._ -,: -·- ·-
~~rum.,a.l CU lU liiC ::.CII.UIIU II G. II Ul liiC lCG.II 1 liiC I c::.uu::. 0.1 C \J. \J ::.C\.UIIU::. Ul 0.1 II. lU 

13 ~ c:-OI'nnll44:' nf ~rr In tho ronnrtc th~t 114ic~nroo \uith tho ~hnuo thonru 
• • "' ...... ""'' ....... ...... ..... ,.._ • • • .. ....... "',...... ..... ... I'-& .......... '-&~· ..,." ..... • ... • ... '"' .... .,...,. .. " ... '""'' , ~ 

stereop..~ was deterlftmed by ~thod-e; other than with the Howard-DolMan 
apparaius. 

<:a'"""~ lfir QUO -noua.oQftt~ ~ t ofict~ nro .., ~~~ .. "7" IIIVY"iii .... tl .. ._. '-&& ._..., .. '-&11 ....... 

Contrary to Christenson and Winketstetrn; paper, no relatiOnship between 
saccades and ievei of aihieiic performance was found. in iheir iesiing_. ihey 
--.-- -· ___ .... ----- ..., __ - ---··-- ... _ - .a.:-- "- ----·-"- - ... _ -'- 11..:- -""- • ..a. ••• .a.;::--~ -IIICO.::.UI CU ::.O.II.II.G.UC::. O.II.II.UI Ulll~ lU a. lillie lU II.UIIItJICle 0. La.:. .... l Ill~ :.LUU}f UliiiLII:U a. 

r~tin rnmn~rinn hnri7nnt~l ro~rlinn tirao tn uartir~l ro~rlinn tirao llu u~inn tha 
I '-& .. IV .. .., ••• ,...... II I~ I ..... 1~..,1 I ....... I "'-&WII I~ .. II II.., .. U W '-'1 a.l .. '-&1 I '-' ......... 1::7 a.ttll'-'• &J, W .. ll I~ •• '"' 

ratjo, tht.c; eliMinates any contaMination from the SJJbject being a tast tatker or 
reader. ihus. being a beiier indicaiion of pure saccadic eye movemenis. Good 
-··- --··----"'- --- -~···-··-··· --------·· ~-- ... ___ ;_ -·-·· -- - ---···· ~-......a..r..--cye IIIUYCIIIICIIl::. 0.111: UUYIUU~I}f IICII.e::.~G.I'fiUI liCIIIII::. .IIO.'f, a.::. a. le.:.Uil1 IW liiCI 

tee-tinA chnuld ho .tnno hofnro rlofinito rnnrlue-inne- r-::l n ho m~ rlo 
a. ., .... ~~ V'l I"'WIW W''-' ....... 1'-' W''-'1 ..,. '-' ,._....,, II •• &."-' "" .................. .., ...... '-''-AI I W'-' III ..... W'-'• 

P eripherai visuai fieids 
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con~r~tinn ~thlot~ hu thoir loucl nf norfnrm~nro llDI'cntlu cturliac h~uo 
.. ..,,. .............. ·~ ....... ''"' .. " ...... 7 ... '"'' '" • "' "'' r"'' • ............. ...,"· • '"' .... "'' • ... 7, ., ......... " .. • •'-A •" 

indicated ~.ignticant resWts b.~tween atll!etes ar-1 r-~ .. ~-3th~~tes wnen testing 
peripherai recognition.B Additionai iesiing needs io be performed io deiermine .. _ ........... . 
YG.IIUil}f. 

Eye dollainanc:y 
These findings sirongiy agree wiih Poriai and Romano·s siudy_ The resuiis --- _.., ~=-··-···-- ... _;,,_.... .. .... _; ... ,_.... a.,.,. ______ .... ~ -·----...a ~ ··-------'"' 0.1 c a.~ 1 uuu w ::.. r •-nul\cu, r c. -mii\CU, or.:~ - ... 1 u~~u 1 r<:J -11.1 u::.::.cu, ro -uull.l u~~cu _. 

•1--ivo.t .. Q-IIn,.rnC"cad ti:Q_unor-rnccad Whilo ouo .tnmin~nru ic ~n inhorita.t II'"' 1111 • ._'-',._.~ - "' WI ....... .,.,..,.._., - .J Wll-.rl ..,.,.,'-',_.• II I Ill" '-' 7'-' W ... llllll .... ll-.7 ,.., '-AI I 11111'-'l I&.'-'._. 

trait, thUs untrainable, it couJd prove useful wtten •tau.ormg· a ~yer's ga~ to 
ihem. ii shouid be noied ihai_. as a resuii of her sirabismus_. piayer i-4 ·s resuiis 
I I·--- --· ·--·· ..... _ ... ·- ..... _ -· ·-·· ·-··--"' Cl C IIU l IIIII.IUUCU Ill liiC CY O.IUG.liUII. 

Contrast Sensitivity Function (CSF) 
Resuiis. from iesiing of ihis visuai sk.iii, reveais no significani daia. Aii l 

_ ........ _ ... __ "'-s"'-.... _ .......... _ ··---- __ ... -~ ----• -- -'--··- -----• A...-~; ..... ___ .-----·-... 
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in thie- ~rO-::l lft-::lU inor-l11of0 hinnrul~r toctinA ~nof toe-tinA nn ~ rn-nutori7~ r<::r:: 
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instruMent 

CIV\rlu~il\n 
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6 ~ ~ rc.cu!t nf thi~ ~tmtu ~ntl nthc:"c hcfnra it thc:"a ic ci::nifi:-~nt :-..rnnf th~t 
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certain visual skills are superior in the superior athlete. These include vergence 
facilliy ai disiance; disiance siereopsis; and characierisiics ot eye dominancy_ 
There are aiso areas that need further evaiuation before defir.lte .:onciusions 
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others .. an effective sports vision program can be develped to help an athlete 
reach his oerfonaance oeaK.. . . 
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