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Ti2 problen was to compare the reaction time and movement tine
scorcs of wornen atiletes to siwilar scor2s of wonen nonathletes. Tre
reacvion and wmoviiznt times oi roriy-scven atnletss anc soventy-five
wcuinl nonatiiletes ware measured on an 2lectronic apnaratus., The result-

atistically analyzec.

ct

ing cata were s

The athletes werz furtiaer sbudi=za by comparinz the reacticn time

-3

and movemant time scorzs ol four sport proups: eigat tonnis players,

b3

saven l'sncers, twelve swimmers, and twenty ficld hociicy playoers.
Within cach sport group, toe women were rani:ed by ability and tnuse data
comparad to similar ranked rocactlon time and wovenent tine measures.,
ireaction and movewsnt tim2 scores and latter ~radcs achizvea by
.2 nonatnletes in three instructional courses, tannis, swimming, and
feneing, ware also comparsac
Tae erfect of menstruation en reaction time and movemsnt time
measures was dztermined frem comparison of fourteen pairzad obssrvations.

Also, th2 relaticnsnip bhatweon rcaction tins and movement time was

¢aterminad.
2aview of Literature

Tn incependant studies, Bzis2 and Peaseley (1), Curcton (2),
Leller (3), and Pierson (&) czrenstirat:d that attdetes in renoral nave

AY

fastoer rezaction times tlian nonatilet=ss.
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t2cently, a distinction nhas b2en nacde b2iwecn r2aciion tine and

mevement tire.  Turoujh invesli jations by ronzy (5), Henry and Tralton

wWarz

conc2pt that Tisss two measures are

latzc has bzen di op'U.u"‘u and ci Sproveil,

Conclusicns

vy

vrom wae statistical analysis of tuz cata tie Following conclusiecns

arawis

l.

no
.

ile

AVl
.

Oe

Woiizn atiiletes ars si niificantly faster tihan wonmcn non-

atnletos in sp2ed of mevanment and spesc of reaction.

E !

dgaction tiae and movement time are not correslated witiy ccach-
assizned ability position witiun v2nnis, swiiniing, iencinz, or
iiela hockey.

Wituin tace atoletic group, tennis players, swimasrs, Iznczrs,
and 1ield hocksy players difrer significantly in speed of
moverents cult tigy do not c¢iffer in speed of reaciion.
Il'onatidletes' reaction time and moveiiznt time in toennis, swinpidn:,
and fencinz is unraliatea vo achievemsnt as measurad by letter
crade.,

A low, but sign’iicant correlation exists between rcaction
tine and movamcno tine

Menstiuaticn has no mcasurable eiizct on spead ol movemant or

reaction tine.
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"'he neuroruscular co-oraination of the individual wiich includes

the abiliby to learn now si“ills and finally to achieve cowmpetency in
- . o s . . 1. o o . B . l
pnysical activities, is sssential tec all phases of physical education."
Among tie factors involved in nauroriuscular co-oraination are: move-
ment of tue body abt hizn speeds, quicis diroctional changes, and fast
) 2

reactions to uncxpsctaed circuwamsvances.  These factors, plus others,
are ceemed by many physical educators, both m2n ana womsn, as being
essential for proficiency in varicus sporus activities. Althouzh
tradition, observation, and personal opinion have in the past been the
primary source for maiiing tnzse claims, experimental data have been
collected upon male subjscis to support these visws. Howasver, in
studying the various qualities supposedly needed by women for success-
ful performance, only a paucity of data are available dealing with the

factors of reaction time and spesc of movement.
Statement of the Proolen

This study was prinarily aesignzd to compare tic reaction time
and am movement time of selected women atiletes with woren non-

atnletes at Michigan State University. Suoproolems were:

1H. Harrison Clarke, The Aprlication of lIeasurement to ealta ana
Phirsical Boucation (liew Yori: Frentice-iiall, Inc., lyu>), p. 2o1l.

4

2Thid.,



(1) comparisons of rcaction tiuie and uovzimont measures a.woni rour dii-
ferent types of sports: tennis, fencing, swimiing, and field hoclkay
(2) correlation of reaction time and movenent time of eacih nonathlete
th her physical achisvemint as measured by letter gjrade; (3) compari-
son of tie reaction anc movament tine cata on individual atilstes with
thelr coach-assinzc ability ram: witnin a sport activity; (u4) compari-

son of reaction and movem:nt time sceres during and aiter mznsitruation;

and () corrclation of resaction time with movam:ant tine.
Weed for taes Stud -

The trend in recenv yzars .as been toward incresased participation
. . . ~ . . 3 - - - Rl . . 1.
in sports activities by girls and women.  With increasczd participation,
physical eaucation programs for women have bezan develcped to include
riore diversiiied sports activities. KXeeping pace with taese trendas,
sports cecstumes have veen designed to allow more freecdom of movement,
sports equip:ient has bzen improved, play facilities have bzen enlarged,
and teacaing metiiods have bzen remodeled. Physical eaucators are con-
stantly striving for increased intellirent control and undzarstanding
of sports activities, and to give a scientific basis to many of our

4

present concepts and assumpticns.  Turoupgh tihe results of this stucy,

scientific evidenca may be found to repudiate or coniirm the opinions

and obsarvations of many pisical ecucators that fast reaction time

3Jesse Feiring Williams, Principles of Physical Zcuncation
(Philadelphia: W. B. Saunders Company, lyu27, p. 30.

4Charles C. Cowell, Scientific rounant*ono of Physical wducation
(Kew York: liarper and Brouuers, is..), P. 10.




and movement time are amony tnz atiributes needed by women to become
proficient in specific sports activities. Thase results may be usad
to clarify the position women snould taite in relation to participation

in co-sducational sports activities
Befinition of Terms

Athlete. An atiilele is a woman whc was an active mexber, at the
ons2t of this study, of one of tie following orsanizations: (1) varsity
tennis team, (2) varsity speed swimming team, (3) Delta Gamma i,

honorary fencing fraternity, and (4) women's field hockey club.

Lonatilet2. ror the purpose of this study, a nonatihlete is a

woman wno was enrolled for the first tim2 in an instructional class in
either swimming, rencing, or tznnis at kdcligan State University during

the spring of 1955

Rezaction time. The interval between tne excitation of a stimulus

and a muscular response,

Movernont time., The time taken to move the total body or parts of

'A\/.

the body a prescribed distance.
Limitations of the Study

At Idchiran State University, only fcour sports--tennis, fencing
Swiiming, and {ield hocligy--alford women athletes the opporiunity to
compete on an inbercolleciate level; but the type and amount of

competition is somewnat restricted. All the available subjects in



each of thesz sports were tested. If more sports had bezn available,
the nunber of women comprizing the atil stic group would have baesn larger
and selection could have been made on an ability rathsr than menobership
basis. The level of ability necessary for membership on any team was
sub,jectively aesignated by the presiding coach. This level varied

from sport to sport and from individual to individual. Another limi-
tation was tne subisctive ranizing of playing ability by tii2 coach of

N

eacn sport. licre than one sudjective ranking might have strencthenad
the study.

It was the purpos2 of this study to test only movement of the
dominant hand and arm, and not of the total body. Thnis measure may
not be as represantative of movement time as would another typz of
measurement. Another limiting factor in this stucy was lacik of
knowledze of the degree of psychiological motivation exnibited by the
nonatnletic group. Tnrough observation, it was the writer's opinion
that the athletes demonstrated a greater degree of motivation tnan tie
nonathletes, The effects of constant,'periodical, or nonexistent train-
ing upon the athletic group may or may not have limited the results of
this study.

Also, limiting the correlation of letter grades with individual
reaction time and movement time scores, was the subjective grading
system of each instructor. Letter grades were based, in part, on

measures other than ability or siiill.
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Sports

To 1llustrate how important speed of resaction and movemant are in
various sports, typical views of ccaches and physical educators are
nere expressad.

"Speed is a word used to indicate various types of quicikness or
rapidity." In sports, it may refer to eitiuer quicimess in seeing or in
acting, but it usually refers to a comoination of percsption with

. 1
muscular action.
Two qualities are thouzht to be necessary for good fencing:
- s . ~ 2
(1) instantanecus judguent and (2) muscular strengti and speed.

Of all women's sports, fencing is tne most attractive. "The avsrage
sports-loving American does not hnow that fencing is tne fastest of all
3 lal

sports." Instantanecus responszs by th2 muscles to commands of the

4
brain are esszntial in fencing.
2

ljoan D. Lawther, Psychoclozy of Coachinz (Hew York: Prentice-
Fall, Inc., 19¢1), p. 212,

2Clovis Deladrier, iodern Fencing (Annapolis: The United States
Naval Institute, 1948), p. tZ2.

2pldo Nadi, Cn Fencing (llew York: G. P. Putnam's Sons, 1943),
p. 8.

4Departmant of Physical Education, Smitnh Collegs, Individual
Sports for Womsn, (Philadelphia: W. B. Saunders Company, 17457,
p. lud.




Field hockey is a fast moving game which envolves continuous

5
activity at top spzecs. Spead, rapia chance of airection and pace,
and quick starts and stops ares nzcessary atbtributes oi a field nockey

player.6s75359

"The quast for speced in swimming has brousnt about revolutionary

10
changes in swirming styles." Strenztn and power are essaential to

the swimmer, bub conditioning in this sport includes tue building of
spead, For the sprint crawl, a swimmsr must be aquick in movingz, fast

on the turns, and quick to rzact to the starting gzun; but the primary
. . 3 . . . 11
physiological qualification is spead.

Driver, cn tennis, avers that quick body action is nzcessary in

proper footwork. Tnz essentials of good stroking include accuracy and

12
spzed., Successiul tennis cepends much on agility in covering the

13 14 -
court and on correct rhythm and balance.

SJosephine Lzcs, rield hocliey for Women (New York: A. S. Barnes
and Company, 1942), p. 2.

m

6Bob Harman, and Keith lionros, Use Your Head in Tennis (liew York:
Thomas Y. Crowell, 1950), p. 2.

7Lees, op. cit., pp. 27-30.
8Hilda V. Burr, Field Pockey for Coaches and Players (New Yorks:
A. S. Barnes and Company, 1Y5U), p. 2Ll.

9W:lbur Pardon Bow=n, Applied Anatomy and linssiolo;y, Revisor
Henry A. Stcne (sixth editionj; Pailaacipnia: Lea and keviger, 1949),
p. 337.

10David A. Armbruster, and Lawrence K, norehouse, Swimming and

Divine (St. Louis: The C. V. Mosby Company, 1950), p. 1C.

117pid., pp. 12-7C.

12ys1en Irene Driver, Tannis For Teaciers (Philadelphia: W. B.
Saundurs Company, 1941), PD. sd, 70.

133owsn, cp. cit., p. 355.

14pspartment of Physical Education, Smith College, op. cit.,
ce
p. 3,‘,) .
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lotor ability differs amony indivicuals irainly cdus to the wids

ran;e in native cgpacity.

Cne sing le azfinition of reaction tims is the slimulus-respcnsz
15
interval., A completz rcaction may be dividad into many parts. The
piiysiological process may possibly follow tiis sequence: (1) sensory
preception, (2) latency period in the sense organ, (3) conduction of the
afferent nerve irpulses to the proper ssnsory centers, (i) elaborations
in the cerebral hemisphcres and spinal cord, (5) conduction of the
efferent nerve impulses to the prop2r striated muscle, (6) latency
period in ths striated muscle, ana (7) ruscular response. Thomas K.
Cureton would add sirengtbil, tonz, and viscosity of tihz responding muscle
) 16

as factors affecting a singl=z response,

The factors aztermining th2 spead of response in a simple rzaction
are undoubtedly very cowplex ana includs more than one organic vari-

17 15,19 20
able. Une dztermining factor is the spezd of nerve transmission. °

1530bert S. Woocwortiy, ixperimontal Psychology, (New York: Henry
Holt and Company, 193U), p. 30.

Charpion Athletes
)/l)’ p‘ Vet

1G“Homds K. Cureton, Phvsical Fitiness o
SS

£
(Urbana: The University of Iliinois Pre 1

3
17131e H. Lanier, "The Interrelations of Speed of Rz2action leasure-

ments," Journal of duperimental Psyciolory, XVIL (April, 193L4), p. 397.
187Tbid.

18yernon W. Lemmon, "The w2lation of Reaction Time to kzasures of
Intelligence, lizmory, and Learnincg," Arcihives of Psyvchology, lo. XCIV
(192'()3 P. 3h.

20prthur Gilbert EBills, Gonoral sxmerimental Psieholoryr (ilew Yorks:
Longmans, Gresn and Company, 1o/5.-), p. blu.




co

Tiuis valuz has v 2:0 e v odancg, varying r'roa 1L to 220 fzet per
Ll’&,l, .
second, Lawtncr cpposss this visw by asscrbine thabt the speed
o . . . 23
of nerve conauction is so briel it sicula be irnowr~a, Wiilcrn single
factcr erxerts tre mest influence on the spzed of a simple responsz is

questicnable., Symaptic co-orciraticn is tne largest deteiwdning facter

24
accorairy 1o cne autior. Alinouprh this rmay not be the prirary

- -~

deterndning factor, it neverihel=sss, afleccts tihe speed of response to

25 26
. b . N . . . . R
some degree. iyers avers that reacticn time is dependant upon tie
] _ 27
time occupied at the paripaeral sense crgan. Thz tire conswied at

the nerve centesrs, tiz central delay, has also becn named as thie nrirmary

23 4,29
. . . . 3 . e
factor affecting tas spead of a simple responss, Simple reaction

time is not a riwec quantily, but it apparernily has a physiological

30
limit around .1C second.

21Thid

22Woodworth, op. cit., p. 2%9.

23Lawther, op. cit., p. 222.

24y, A. C. Hznuon, and F. Lyman Weils, "Concerninz Individual
Differences in teaction Times," Psycholosical loview, Xnl (harch, 1y14),
p. 156.

253ladys M. Scott, Analysis of Huran Motion (New Yorl:i:s F. S.
Crofts and Conpany, 1,&27, p. U2,

20Lemmon, loc. cit.

7guarles S. Myers, A Toiib-3ook of Fxporimental Psychole
(third edition; New York: Lon;wmans, Green and Company, 1vau), p. 130,

2%8i11s, loc. cit.

2%joocworth, op. cit., p. ZUC.
2O0Woodwortiy, op. cit., p. 323.



The relaticn of varicus phases of reacticn tire to r=f12x acticn

is

o]

remains devatable, According to woocdwortn, a simple reactic

e}
<

absolutely not a reilerx, nor does it invelive rellex acuion. It is

=]

N

not illogical to assums that the dasic structure of the siiple resnons:
. i 32
is the reflex arc.

Simple reaction tim2 cepends upon the subjiectl's being prepavnd or

. . - : c J <
"ready" to receive t.e stimulus or tc periorm an act. This

process facilitates transiission of the nerve inpulses tarougn tne

) ) 35,26 ) _ R
nerve centers to tie appropriate nuscle. The length of the fore-
pericd or preparatory intcorval datermines tne crganism's "recadiness!

27 ’3'*
to act, tiereby aifecting reaction tine. +sost cited intervals
29,40,41 42

producing effective responses ran:z {ro:1 on2 to four seconds.

3130bert S. Woocworth, Fsvecholo:y (fourth edition; lew Yori:
Henry Holt ana Company, 1940U), p. <./

325cott, loc. cit.

3%Woodwerth,, Psvcholecy, op. cit., p. 29.
4.yers, op. cit., p. 317.

35Thid.

3Sjoodwerti, Esycnoley, op. cit., p. 239,

374 oocwortiy, Cxporirertal Fsycholey, op. cit., p. 3li.

221, Woodrow, "Ihue lecasurement of Abttention," Ps:cholo;ical lono-

graphs, XVII (Dacewber, 1yly), p. 15Z.

39C, W. Telford, "The Refractory Piase of Voluntary and Associative
Responses," Journal of Experimental Psychole.y, XIV (re oruary, 1951),
P. T.

4%Floyd L. ituch, Psychclo s and Life (thira ecition; Chicago:
Scott, Foresman and Coupang, 1y40), p. udd.

413, V, Breitweiser, "Attention and Hoverent in itcaction Time,"
Archives of Psychology, Io XVIIT (August, 1911), p. 368.

42ganford J. iunro, "The Retention of the Increas2 in Spzed of
lovement Transferred from a liotivated Simple Response," Th2 lescarch
Quarterly, xXII (Fay, 1¥21), p. 233.




Ju

- . . o 435y44,45,40,47
For optimum eiliciency, an interval of two ssconds is favored.

) 49
Bills found thie one-second interval most dzsirable, Contracicting

tiis statement, ihwnro concludcd a one=-second interval elicited slower

49
responses, The refractery pzriod ncecessitataes tne usz2 of an inter-

£0,c1
y B b4 3 N ) .
val lcnger than one-half second. Prolonged reaction tine is

52
obtainz=d by using intervals less than one s2ccnd, pxistznce of indi-

53
vidual cifferences in optirum irntervals was provea by Breitweiser,
The mental attituae of tiue subject prior to tne activation of the
stimulus may Le airact:d towara tarze rodos of reacticn: M"auscular,”

when ativention is focus=d on the ruscuiar response; "scnsorizl," wien

attention is confined to raception of the stimulus; and "natural," when

L

attenticn is alto.etler unairecte d. In general, reacvion ti:es
87 ,£8,59

4

are faster wien tie Mauscular" rece is e.ployed.

43Telford, lec. cit.

44.yers, op. cit., p. 151.
4“Wooarow, op. cit., p. Su.
“CWoodworin, E:porinental Psyenology, loc. cit.

471y, Le.coy 3illincs, "Tie Duraticn of Attantion," The Psycho-
logical Review, XXI (iarch, 191L), p. 133.

48pills, op. cit., p. LOO.
4%.unro, loc. cit.
503i11s, op. cit., p. 37u.

517elford, loc. cit.

153
o

i)

Bills, op. cit., p. uGs.
*Breitweiser, loc. cit.
f4pills, op. cit., p. uCl.

&8 yers, op. cit., pp. 125-127.
tC3reitweiser, ops cit., p. 1.
57@__@.’ p- 7.

53Lawtnzr, 92. cit., p. 221.

S9yoodvorth, Zpsrirental Psychology, op. cit., p. 3Cu.
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60
Practice tends to improve tihe spesd of ticse rasponses, but
L. 1 v . €1 - -
more noticeably tne Ysensoriall moce. henmon and Wells, as wsll as

Henry, discovered tae dirzction of attention durin;: a sinmvle response

[}
1)

-
(@]
w

did not appraciably allect reaction time speads.

The typicel value of reaclion time to a visual stimulus nas

. ) . . . G4,05,6C,67,68

variously becn cited between .15 and ,225 sccond.

Responses to auditory stiruli are quiclter than thoss to visual stim-

€9,70,71,72

uli. "The visual stimulus does not stimulate a nerve-ending
) 7

directly " A piiotochemical reaction within tne retina preduces a

(&

tine lapse. Althourn 1lizht reacnes the retina without loss of time,

this latent pericd may be due to increased elaboration in the central

74
process. Trhe part of the retina which receives tie light partially

6CBills, loc. cit.
€lllyers, loc. cit.
Riznron and Wells, loc. cit.

8SFranilin . Henry, "Conditions Uncer Wiich Increascd Intensity of
lotor Szt Causcs Slowing of ieaction Time," (Chicagzo: 1wrican Associ-
ation of lealti, Physical Education, and iecreation desearch Saction,
1956), p. 1. (Limcograpacal)

€4l yers, loc. cit.

655, T, Slater-Hammel, and R. L. Stumpner, "Zatting Heaction=Time,"
The Reszarch Quarteriy, AAl (Decenber, 1950), p. 353.

€€pills, op. cit., p. oCOC.
87 uck, op. cit., p. Los.

69Woodworta, Experirental Psycholozy, op. cit., p. 324

€9Brent Baxter, "A Study of Reaction Time Using Factorial Design,"

=}

Journal of %perimantal Psycliolory, LLAI (Kovember, 121i2), p. L31.
— e - et

70Lawther, loc. ¢

bde

7I{oodworth, Experimerntal Psycholorrr, loc. cit.

73iuch, loc. cit.

74Wbodworuh, H:perimental FPoycholerr, op. cit., p. 327.
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determinss the speced of a sirple reacticn. "If a visual sti:ulator
mal"¢s a noisz, @2 response...will provably be maae to t.2 noise rather
tiian to thiz ligzut."

lany externael factors aifect tie spead of reaction tire.
77 ,73,79,30,21

Increasing intensity of tie sitimulus snortzsns reaction time
30
by stren;;ihening its atvientlon powzr, tezactien time increascs as tne

83
distance betlwzen tlie subject and stimulus increaszs.

Diurnal variaticns are lfound in measuring reaction time. tost

) - 64
favorable testing time is round in the alternoon. Elbzsl, in testing
twenty-turee male sudjects in a stimulus-i:and response suvudy, isclated
the following facters: slowzst resporns2s are obtainad at tw2lve noon,
maxiitum speed 1s obtalned in the early afterncon, ano a necr maxirmua
poirt is reacied in iz micdl2 of trh2 nmorning. In tihis investization,

86
he also found diurnzl variations were aiTected by individual dilferences.

785, J. Poffenberser, "leaction Time to Retinal Stisulation,™
Archives of Poyeholory, X{TIT (July, 1912), p. 23.

7CWoodworth, Ixperimental Psycholosy, op. cit., p. 3li.

77Woodrow, loc. cit.
78pills, lec. cit.

79tuch, op. cit., p. udd.
B0yers, op. cit., p. 1Z1.

8codworta, Liperimental Psycholory, op. cit., p. 32C.

S2Woodworth, Psycholo y, on. cit., p. 5.

83ycodvortir, Sxperimental Psychology, op. cit., p. 327

84idward C. Scuneider, and Peter V, Karpovich, Physiolow of
uscular Activity, (Fhiladelphia: W. B. Saunders Cerpany, I/H/), p. 39.

-

883, 2, Tlbel, "A Study in Variation in lesponsz Time,!
The esearch Quart °r7", X (Larch, 1239), pp. Li-t0.

bCTHid,
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leacticn tiae varizss bpotween inal Suflicient practice

=
87
cocs not equalize incivicual dillerznces in responsz time. Fatigue
. o L. . 83,39,9C,e1 |
axerts a slowing effcct on rzaction time. "7t is roasonablz
to asswne that every neurcruscular reosponss is affectad by fatipue . "S2

9+ g4 Orfr G
. 3..,,9-,3\.’.::_,

Practice of a respense tonds to siervsn reaction tinc,
o7

,_w

altiouph Rucii stavas thic phyysiclogical lirndt is soon reach

(, y

Contradictin: tiis concapt, Lawthar incdicates training doecs not affect
o) I 3 &

reaction time; but visual p2reeption, which co:wmensates for slowed re-

9a

action time, will Luprove throug: training. During childihood and
. ) . . N . 99,100

old age, reaction time is lengluenzd, while maximum speed is

) _ 1c1
reacua2d at tie collezz are.

87Tbid.,

881trars, leoc. cit,

8% awtiier, cp. cit., p. 222.

9CSchneider and Karpoviclh, op. cit., p. 37.

®13111s, cp. cit., p. aCh.

973, R, ©lbel, "A Stucdy of esncnse Time Befors and After Strenuous
Ixercise," The dosearch uarborly, XI, (ilay, 1940), p. 85.

92y, R. idles, "Studies in Zxzertion II.
Reaction Tim2 in Football Charzing," The izscar
(Octover, 1/31), p. 7.

Indivi dlul and Groun
cl nar m'\ ‘;’ II

®4yers, op. cit., p. 120,

S¥Scoti, loc. cit.

°03i11s, loc. cit.

97uct, op. cib., p. LOT.

98Lawther, loc. cit.

®91uch, loc. cit.

100 yers, op. cit., p. 150,
101gchneider and Karpovieh, loc. cit.
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Lvans stucizd tie

e

niluence ol erbzrnal distractions on swecd of

reaction time; and he cencluded tnat lisit, sound, and touci aistractions

102
affected this spoed by lengtliening it, Practice lesscnzd the inilu-
. . 103
ence of the distracticn but nover overcane it. Sound proved to be
-~ . . : . 104 - -
tae most erfactive distractor. The reiationship of sz ¢iffereoncoes

to all phases of reaction time has not beaen investirated to amy ds: ree.
Gatzs, in stucyins ciurnal variations, found s2x difforcnces non-

. 1Ccs
existent.

tzlated Stucddics off H{caction Time

Using atnletes and nonathletzs, tic reaction time to simple and
106

conplex visual siilmuli was determined by Burley. The nonatrletes
were ¢efinad as nen-letter-winners., The atuletic group was corprised
of football bacliis and linonen, vasletball players, vaseball players,
anc swirmers. itesults snowsd tne basketball and vaseball playcers
possecssed tlie fastest reaction tinecs.

107

Friednan attarpted to determinz viie relationsuip between reaction

time and general athletic abilivy as determiined by thz Cozen's Indoor

€
O

102john &. Bvans, "ihe Zffect of Distraction on Reaction Time,"

Archives of Psrcholory, XXV (loverver, 1910), p. 53.
02 Thid )
10°Toid., p. 4l.

104ThHhid., p. 51,

10Sprtimr I. Gates, Voriations in
Toether with Practice Sllects, S2x Liffers

—

alficiency Juring; the Day,
)

nces, and uO?fﬁloulOnS,

(_)\,1' oy Tue University of California Fr ss, 1915), pe 147.

10¢y,, R. Burley, "A Study of the Reaction Time of Physically

m

Trainad len," The @pscaqch (uarteorly, XV (Cctover, 1%:l), po. 232-229.

1073award D, I'ricdman, “Ilhe iielationship of .ieaction Tinme to
General Athletic Ability," (unpublished lLaster's thesis, leow Youk
University, kew Yori, 1Y J?)) Pp. 1-.¥.



Test Battery lunoer Twelve. Total body roaction time was mcasurcd
torougi the use of an orizinal apparatus. I'rom thc results, Friccaen
cencluced tuat reaction tinmc is nct a reliable index of general
ati:letic avility.
. 108

A study oI tnc reaction time of rale atiletes by Burpee and Stoll
incicatza a signiiicant negative relationship exists bztween small nuscle
reaction tim2 and proficiency in piysical education activities. A large
negative correlation wes found betwzen large muscle reaction time as
tested, and successiul varticipation in tiesz activities. ZLanier
tested tuirteen gracuats students, six men and soven women, to study the
degree of relationsuip asong varicus simple motor performances and re-
actvion time measures. Tacre was a lack of corrclation batwsen sinple
types of motor activities and rzaction time measurcs. Tne concept that

rate of nerve conduction conditicons spead somewnat uniformly in diverse

motor activiiles can now be disputed.

110 :
Elbel studied tne eifects of plysical fatigucs on response time.
Using male subjects, he found atiletic competition, prior to testing,

shortened hand reacticn time as wzll as total body response tine.
A limitaticn of tne study was tihe length of the period of competition.
It was the author's belief that with an extended period of exercise

the reaction time weuld have lengthened.

e

10820yal H. Burpes, and Wellinguon Stell, "leasuring ileaction Time
of Atiletes," The l3scarch Quartcrly, VII (larch, 1234), pp. 110-118.

109 anier, op. cit., pp. 371-32%.

110z27bel, "A Study of _siespense Time Beforc and After Strenuous
Bxercise," op. cit., pp. 84-95.
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228 with foriy-Iive trials beinrs averas2d o ebtan the nzan
periphicral visual rzaction time. All ol the atilstic groups differsza
from tihe nonathlzves at the one per cant leval of confidenca. A further
step was to ceberadne the practicsz elfect on periphizral reaction time
using nineteesn atidztzs and cichtzen nenatilletes as subjects. The

previously used reaction time te2st was repcated by ecach sub’ect at one-

wesll inbervals for approximatzly five waaks. Results indicated that,

altheough the atuletos remained superior, improvemsnt by botl groups
preved the ability was trainavlez,
- - N 114 s . 1, .
In 1927, Beisz and Peascley conducted an experiment on reaction

time using three groups of women. The study was designed to discover

if wemen siilled in sports decmonstrated similarity in spzed of rezsponscs,

~

and if "Tundamzntals" of reaction time differ {rom one spert activity
ne siilled group was comprisad of twanyy-Iour tennis
players, twelve goliers, and eleven archers,., Nourtzen sudjacts wio
to achieve an averase grade in a sperv activity were classified
as unsirilled, A third group of fourtecn zirls wiho had talizn the
Brace Lnotor Apility Tests was usca, decaction tinme of ths arm and leg
wers measured for cach group. Tae apparatus devised for tPSU¢n" large
muscle reaction time consistzu of a wooden plate placed on the floor.
caction time to a visual stimulus was terminatzd by ramoving the foob

N

from the plate. Iland rzaction time used a similar apparatus. Th2 sub-

ject, upon recelving a 1light stinulus, 1lifted her cominant hand from
the platz. The sz2quence of trials required the subject to alternate

114porothy Beis2, and Virginia Peascley, "The Relation of Zeaction

2]
Time, Speed, and Agility of Bi~ Iusclzs Groups to Certain Sports Siills,"
Tha &033&?01 Quarterlr, VIII (Larcn, 1937), pp. 133-1h2.
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lifting and pressing the hand. For tue siiilloc group, the mean reaction
tine Ior the large rmuscls tests was .5556. For the unsi:illed, T2 mean
large muscle reaction time wus JOHL50. Tuls diffceronce was considered
significant. Th2 mean hand recaction time for the siilled group was

07, Lfor the wishiillza graup, .2750. ilere thz unskill-d cooup wWes
slowar by asli-ut dilfiorence of .CL second. In considering the rance
of scores ior cacu group, thz unsitillad varisd widely, wiile the skillzd
were clustercd mere closcly arcund tae mean. Witidin the shilled group,
differences woerz found to occur accordins to the type of activity.
Tennis showzd faster reacticn time then did tnz more stationary sports
of gelf anc archeory. Ths mean hand reaclicn times of the tire2 sports
were tennis .2415 second, arciery .2.C9 second, and gell .2525 sacond.
It was concludad, "a girl with fast reaction time of
nzcessarily have fast reaction time of legs, and vice versa." Iurtier
testing using a seven-wesio instructional period as a trainin:g poeriod

-

evealed no si;milicant differences in reaction timz scores.

115
Thomas n. Curaton conducted an erperiment to procure tae

Vertical Jump timcs of champion atnletes. Total body reaction tine was

RV ion Timer, Tals apparatus in-

measured by mzans of tune Illinois leac

prs

cluded an electric time clocl recoraing cdevice, a stimmlus unit, ana a
response unit wiilca nizasured reaction time, The respons2 unit, an
aluminum platorm, was placed on the {loor. Tne sudject svood on ithe
platform. Upon perceiving tie stimulus he jumpea veriically and high

enough to riove both feet off the platform, thareb, stopping the timing

115Cureton, op. cit., pp. 94-1C2.

fugiy
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cevice. Tiz mean reaction tine to a visual stimulus for 120 subjecls
irom thc gzneral population ol collece students ab tie University of

I1linois was .3,0 second. Th2 ran- orcer and mean reaction time to a
visual stimulus o ilirre2 sreups of ciiamplons are as Iollows: (1) iiiteen
track and ii2ld stars, .274 sccond, (2) rifteon Danish mwnasts, 320

'

szcond, ana (2) twenty-tires Unit

ck

2d States OLmpic diving and swimming

champions, .-21 s2cond. Curaton dzmonstrated that atilotes in genecal

{J
(r\

'

t2st than do nenauiiletes.  Althousl

have faster rzactlon tine

th2 swimiers and civers were the slowest reacvors of the atidletic group,

thizy woere faster vian tne nonavidoetss. Conclusions wers arawn from

¢ouls; namely, all sporis ¢o not
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require the sane a2ree of quicinoss of boay movenont, and proficlency
in atiletes is relatod to fast body wovement. Comparisons wirzs also
nece of the Unibza States Olympic swimirs ana aivers with five otner
groups, Thes2 sik groups ranked as follows in mean reacticn tinie to a
visual stimulus: (1) thirty women phrsical ecucation majors, 200
second, (2) thirtesn male tracik and field stars, .274 second,

(3) thirty-seven male physical education majors, .290 sccond, (4) one
hunéred woien non-physical ecucation majors, .315 sccond, (U) twenby
Olympic swimmers and divers, .321 sccond, (6) eigiity male non-physical
education majors, .290 s=2cond. Altuougzh no conclusions ware drawn from
tnes2 data, it is intoresuing to nove tiabt the wowen puaysical education

L

mo.jors cemonstrated the fastest reaction time of these six groups

pa

(O]

1

Of tae group of non-physical education majors, the women agaln demon-

strated fastcr rcaction times than ths non. t should ve notad in tais
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study that total body weight allected the spead of the rosponss and,

therelorz, colorad the resulting data.

rovemoent Tine

Aithoush Bow:n and Ston2 ass=ri a siort reacvion time is a natural

=
o
@]

prerequisite for a quick start, in recent years a aistinction in
literatuwi> and testing has besn mace betwasn reaction time and movemsnt
time. Througn investipation, .2 concept tuat thes2 tuo measures are
117,113, 119,120,121

nighly correlaved has beon disputed and disproven,

A compencnt of the physioclorical procoss of reaction time is the

=

muscular response with all its phases, t is probable tiat ths mscular

9]
ct

responsz wialch teridinates reaction time is the foremost process in mova-

ment timez. iwscle fivers ars mace to do one thine only--contract; and

under normal conditions, the skeletal ruscles depend entirely upon the
122

narve irmmulse for their activities, Irpulses travel from tie spinal

cord to the musclzs fibers. At the musclz ticrs is a briel latent period

11€30wen and Stone, on. cit., p. 3CO.
On. Cli., I

117Fpran-1lin 1. Lency, "Ind:spendences of leacti
ana Equivalence of St nso*y houwvauovs of Fasver ilesponse," The
Quartarlr, Z{IIL (savch, 1552), p. L3.

on and hoven 1t Times
D An
L0

carca

1184, T. Slater-Haimmel, "lcaction Time and Speed of liovemant,"
Ps;chological Abstracts, XAVILI (July, 1y:th), p. S10.

11%:41es, op. cit., p. 12.

120 aurence iHaricl’, "An Analysis of the Speed Factor in Simple
Athletic Activities," TL, Research Quarterly, VIIT (Decamber, 1927),
p. 103.

1217ran1lin M. Yency, anc Irving R, Trafton, "The Velocity Curve
of Sprint Running," The .les@arch Quarteorly, (ZIIT (December, 1951), p. 419,

122porry D. Strausbauzh, and Bernal . Weimer P Iloments of Piology,
ar - ve N L AT —
(¥ew York: Jchn Wiley and Sons, Inc., 1%h4), p. 1i2.



. _ 123
which is followza by contraction of tne muscla. During the latent
pericd, the nuscle is overcoming the inertia of the part to wiich it

124
is attachzd ana cheudcal clanzis are ozing mac:2. It is penerally

t‘)
azrzed that co-contracvion is the response of the antagonistic muscle
. . , o125 . . .
in a simple voluniary movenant. Cptimun spe=2d of movemont is
partially afrfected by the wmaximum rate of muscle contraction and the
maximum rate of innervation. The huwsan arm neccs approximately .Cu

126 127
second to develop naximum muscle tension. rcCloy states that

differences in speed of movement may be due to two factors: viscosity

in the sarccplasm of the ruscular tissue or in leveracs in the attach-

nent of thz rmscles,

Related Studies of rovement Time

123
Henry and Trafton us2d twenty-five male physical education majors

in a study to discover the extsnt to wnich tiie time of reaction can

determine diffecrenczs in the time of a measured sprint. Defining

1-

123 atnerine F. Wells, Einosicleo;r (Puiladeiphia: W. B. Saunders
Company, 15:C), p. Oh.

1243c0tt, loc. cit.

1253 ¢, Davis, "The Pattern of IMuscular Action in Simple Voluntary
Hovement," Journal of Hiperimental Psycholocy, XKKI (Kovenber, 1942),
p. 348,

1265, S, Stevens (ed.), Hzncoook of ¥iporimental Psycholocgy
(Wew York: John Wiley and Sons, Inc., 1Y>1), p. ls2i.

127¢harles H. McCloy, "Iiie HMeasurement of Speed in lMotor Performance,"
Psychomotrika, V (Septewber, 19.0), p. 17u4.

128Henry and Trafton, op. cit., pp. LOY-421.



reaction time as the tims betwsen the start sicnal and thz besinning of
pressure on t.e starting blocks, ths mean reaction time for thz first
fifty-yard run was .133 szcond, and fer tie szecond run, 131 sscond.
A low correlatvion ol .1y szcona was found bstwesn reaction timz and
fifty-yarc run timzs. A conclusicn was that "rast reacteors" are not
"fast runncrs." "Contrary to popular bz2lief, individual differences in
the reaction udme funcuion can b2 neslected except for very siort dis-
tances, perhaps ten of fiit=en yards at the most."
129

Shelby civided total reaction time into two phaszs, hesitation
time anc movement time., Hesitation tine consisted of the interval
betwzen the stimulus and the b2gimning of the muscular response. This
would be true rcaction time. Siie conclud2ad that reaction time tests
for small musclas ware more reoliable than tnese for larger ruscles.
Throuzn partial correlations, hesitation and moveriznt times ware identi-
fied as independzsnt tactors in both tha small and large muscle tasts.
The correlation of each of tiese factors with a motor ability criterion
was more significant than tieir intercorrelation.

150
Slater-tiammel investigated the relationship of reacticn time

ct
(]

speed of moven=nt. The subjects were twenty-five male physical ecu-
cation students. ieasuremants of resaction time of a visual stimulus

]

and spesd of arm movenent over a 120-de.ree arc war2 obtained.

129Wellesley Colleg= Stuclos in Hyziene and Paysical Lducation,
" suromuscular Function and D vclopment " Phe doscarch Quarverly
Supplement, IX (karch, 1938 ), pp. 37-48.

13031 ater-Hammel, ":ieaction Time and Spead of lMovement,"
loc. cit.
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The mean reaction time of tu2 group was .21); second; the m2an movemant
time was .230 szcond. Correlations bstwesn the two measures ware not
statistically significant, ranzin; from -.07 to .17. Xesults indicated
tnat reaction time is inadependent of and cannot be used to pradict
spead of movemcnt.,

In an attzupt to prove reaction time and speed of movement function

151
as independent factors, Henry me2asurzd 10 college man on two dif-
ferent types of apparatus. The ball snatch apparatus consisted of
reaction key, wvisual stimulus, and a tennis ball suspenazd by a strong
twelve inchzs forward and upward from the reaction key. The action con-
sisted of moving the hand from tae rsaction ke=y to the tennis ball,
pulling it cown. In thz treadcle press apparatus the subjsct moved his
hand from the reaction key forward rive and one-nalf inches to mess a
treadlse. Two chronoscopes ware ussd, one mzasured reaction time and
the otner total time. liovament time was computed by subiracting rc-
action time from total time., Ball snatch mean measures were 193
second for reaction times, and .121 szcond for movement time. Tnose
for tne treacle press ware .215 sacond, mezan reaction time, and 009
second m2an movement time. From these two independent experiments,
Henry ceimonstrated there was no correlation betwean reaction time and
speed of movament. IHe concluded the two mzasurss functioned ince-
penaently.
132
In charging from the foctball stances, iidles measured eignty-

seven football players and found tae average "charging" time of tue

131Henry, "Incepencence of Reaction and iovement Times and Squi-
- i ) * 3. V7 4
valence of Sensory liotivators of Faster Responsz," op. cit., pp. a43-53.

1321iles, op. cit., pp. 5-1k.



2y

group to be .307 second. In this experiment, tne entirs body had to be
rnoved., idilss concluced tuat a faster-tnan-average response to a simple

reaction time test coss not determine if an individual will be above

(49}

average in football "charzings. M
1

- -
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w
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Stavens identified tarss factors which underlie individusl
differences in Ifine motor skills. The most important factor was ths
pattern of tne movements involved in a certain motor act. Cf moderate
significance was tie sznse enployed, and of slight importance was the
musculature employzc,
134

Rarick, in an attempt to isolatz any common elements associated
witih spzed of muscular wovement, used fifty-cne male subjects possessing
a high degree of atiletic apility. Thres elemenis were invastigatea:
muscle taickenine latency, sirmple reaction time, and running velocity.
Records of muscle tiickening latency were obtained by means of plioto-
graphing the string of a Cambriace galivanometzr uszd in connection
with an electrocaraiograpn. Running velocity was measured over a ten-
yard course by timing tne start and tiae {finish. Action current
electrodes on th2 reacting muscle ware uszad to obtain reaction tinme
rneasurss. An insi-nificant correlation was found betwsen velocity of
movement ana reaction time, also betwesn velocity and muscle thickening
latency. It was concludea that muscle thickening latency is not a

factor influzncing the spesd of mmscle movemsnt, The viscosity of the

muscle appears to be the ciiaf factor limiting speed of wuscle wmovemant.

1335tevens, op. cit., pp. 13:1-13u5.

{

1342arick, op. cit., pp. L2-1C..



"Normal indivicvals with a hih dacree of nmetor ability or skill and
an averag;e anount ol strengta carnot increasz their snead of musculer

performance to any approcizble extent.

158

Pierson conductad a study witi tre purpcse of investizating

p L

tne cifferences bztw2en fencars and nonfencers witia relsbicn to varicus

measures. Thzse included spezd of arm movenent, finser-press reaction
time, and movazusaent-reaction time, fweniy-Iive mals fencsrs ano toe

same nuner of nonizncers were itested in this study. In measurin: arin
movement tine, tie sudject was instrucited to hit a tar;:et placed eleven
inch2s directly in Iront of nim as fast as possiblz any time after
hearing a "ready™ buzzer. ringzr-press reaction time was determined by
instructing ti.e subjiect to depress a telegraph key with his fingers upon
receiving a visual stirumlus. novement-reaction tine was m=asurec as
th2 time elapsing betwezn tie introduction of a visual stimulus and tue
subject's response by movins tie dordnant hand forward eleven inches.
Piersen found in acninistering numerous trials that nwibers tuenty
tarougn forty occurred on a plateau. He therefore used these twenty
trials in corputing tiiz mean feor eacn suoject. The mean movenent tine
for the fencers was .137 seccnd, for the nonfencers, .170 saconc.
Finger-press me2an reaction tim2s for the fencers and nonfencers wers
.217 and .230 sscond respectively. ilcan rmovenent-reaction time for toe

fencers was .270 second, while the same measure for the nonfencers was

135William Russell Pierson, "A Comparison of Fencers and Nonfencers
by Certain Psychomector, Space Perception, and Anthropometric lecasures,"
(unpublished Haster's thesis, Michipgan State Collesz, Zast Lansing,
1953), pp. 1-95.
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.417 second. The results of thesz psyclicmoter tests showzd a si-nili-
cant difference existec between the fencers and nonfzncers in speed of
n novem=nt and wovement-reaction tire. Howsvar, fencers and non-

fencers did not diifer sigrificantly in Iin er-press rzaction time
Pierscn also conclucced, "There is no correlation in either fencers or
nonfencers lor speed of arm movement and reaction time, speed of arm

movarent and arm lenth, or rzaction time and arm lengtn. "
Sunrary

Tie lileratura has indicated tnat varsity atinletes, both men and
worien, are faster illian nenatiletes in spzed of movenent and reaction
time measures. raster rcaction time of tre arm and hand, leg, and total
body has besn demonstrated by tue atidetss.

13c 137
Cureten and reller in indezpenaent studies found thet all

1

sports do not require the same asegrece of body movement and that pro-
ficiency in atniletics is related to fast bocdy movement. Thzse conclu-
sions were cerived from roaction timz weasurcs. 1t is ackbatavle wihsther
faster reaction itime responscs can be elicited tnrough training.

For many years reaction tims and specd of movement were thought
to be highly correlated mzasures, but recent studies have shouwn trese

. 3 o . 133

two measures to be uncorrelated and entirely indevendent. Rarick

found ti:at movement tiie of a normal, nhi hly skilled indivicdual could

not be increased to any appreciable degree.

136Zureten, loc. cit.

137Keller, op. cit., pp. 1LO-1355.

1s87aricl:, loc. cit.



Arparavus
For tr2z reaction time and noverent time tests, the apparatus con-
sisted of a respens2 unii, siinuvlus unit, recorcing unit, anc a stimulus-
producing unit, Tids apparatus was sianllsr to that used by William R.

1
Pierscn in his stucy of fencers,

T2 rosuensz unit.  This unit, mountza on a glacs ascordly, con-
A SRR S ) £ .

gisted of a rraction key, elecuronic zye witih accompaniings lisut bean,
and a card target, HReactlon time and movement iime were measurcd with
this unit. Th2 reaction key was a standard telegrapn koy set to .C3
inch and mounted at tie fronv of tie unit. The electronic eye with

accompanying lizi:t beam was mounted cirectly behind and at a distance of

4]

leven inches Irom uize center of tie reaction key. A five by eignt widtbe
card serving as tiie target was placed two inches berind tihe light bean
of the elzctronic eye anc approxinatzly tairtzen inciies frem the center

of the reaction key. This total response unit wus mnountcd on tic top

of a stanaara ofiice desk.

1William Husszll Pierson, "A Comparison of Fencers and Nonfencers
by Certain Psychomotor, Space Perception, and Antiropomeiric leasurcs,"
(unpublishad Masterts thesis, lickisan Stats Collerss, East Lansing,
1955), pp. 11-15.



Tae stimulus unit, COne yellow lanp was ussd as tie visual stimulus.

1.

It was placed directly banind and on tie same planz as the response unit.
The lizht stimulus wes cdirectly in iront of the subjsct at approxinately
vaist lzvel. A preparatory sct buzzor, tihe awcitery stimulus, was

placed at a distance of approximately five fceet from tie response unit.

The recorcingzg unit. The recording unit consisted of a ciironoscope

0 .

and a standard electric time cloci., DBotl were calibrated in .Cl second
units. 2XReaction timz wes recorasd by tlie clectric time clock which was
actuatad on tii2 presentation of tue visual svimulus and stopp2d upon
the relecase of tie reaction key. lolding cown the reaction key closezd
the circult, wrich was bro.2n wien tne key was releassc.  rvovenent time
was racorazG by the ciironoscope, wnlch was acuivated upon tne release

of tlie reaction key and stoppzad whien trne ligut beam of tne electronic

eye was broken,

The stimulus-producing- unit. This unit consisted of two switches

which were combined and held in tie operator's left hand, One switch
the visual stismlus while the second switch incited tune pra-

paratory sct buzzer., Placement of trhis unit nade its oporaticn

inaucible to the subjzcts.

Data were collzcted at idchigan State University from 122 volunteer
subjects. These subjects constituted two proups, tiie atiletes and the

~

nonathletes. The nonathlatic group was comprisoed of seventy-live



wvoman, ol wiom thirty-tiwo wers enrcllad in a begzirning teonnis class,
seventeen in a d2iirning fencing class, and twsnty-six in a beinnins
swirming class. Of the foriy-scven womsn in the atiletic group, eipht
were varsity tennis plajers, twelve were varsity swinsaors, twanty were
field hockey players, and sevezn were Iz2ncers, The subjects ranged in
age Ifrem seveniteen 10 twenuvy-six yeers., The averaze ags of thic non-
atilzstes was nincveen ycars, w.lle ta2 averase ag2 of thwe atv:letes uas
ninetacn anu onz-tuira years. All suvjects maintained a fresiuian,
scprorcre, junior, or senier class stauus.

Thz reaction time and movenment time tests were administerec cduring
resularly sclicculed class sessions during thie last thrzse weells of thiz
spring term of 1224, All cata wiere obvained betwesn the hours of
92 a.m, and 4 p.m. Tests ware conductad in the Weomenl's Grmnasiunm at

1

te University. The apparatus was installec in a large room.

P.
e,
]
)]
CA

Piiysical aspzcts of tlie room incluaed cne entrance door, various desiis
and cihairs, electric lizating, wincows lining two walls, and amnple flopr
space. Opporiunnitics for external distractions were as controlled as
possible and simdlar for all subjects. The stimulus ancd response units
iere placed on a standard office desk seven fest from the recording anc

stimulus-procucing units. Arrangement of the apparatus made it possible

to place tne subject within full view of tue operator at all tiumes.
Procecurs:

Each subjzct was tested individually. To [facilitat= tie process,

thie subject and operator wore locked within the testing room,
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N

Thz subject wos requestizd to i1l out a shert psrsonal data question-
2

neire. Asswiing a conoritandle position at tre cesk, facing

Lol

trne front
of tihe stimulus and response units, tiue subj2ct wes given varbal in-

3
structions wiicn emphasiz=ad the "muscular rasponse."v Thie starting
position was stancaralzea by oirecting sach subject to place the midole
fingers of acr coidnant rand on tne reaction key, holaing it down,
and to place ncr Lhana anag arm to the snoulder in a straigit line with
tie reaction key ana target. To insure tie prcper preparatory szt, an
electric buzzer was used to prescnt an auditory signal prior to the
prescntation of tiiz visual stimulus. A swnort interval interceced the
different stivmli. On appearance of the visual stimulus, tie subject
was instructed to move iier hanc from tiie reaction key cirectly forward

toward the target and through trne bean of the electronic eye. This

L

' T

action constitutca one corplete trial. A carsful denonstration of
tha desired response followad the verbal instruction.

Thirty-"ive consccutive reacticn time measures and thirty-five
movement tim2 n2asures were obtained Irom cacil subject. Lo rest periocs
were talren betwzan trials, The timz interval or foreperiod botween

the auditory sijnal ana tie visual stimulus was either one, two, tlhree,
4
four seconds, as recommendea., — Th2 scquence in wiilch these intervals

were presentad between trials wes randoudy selected and the same for

2pppenaix A.

3Charlss S. Lyers, A Text-Pook of &rperisantal Fsveheoloor (third
edition; Mew York: Lonsmuans, Green ana Co., 1220), p. 120,

4rlovd L. auc1, Pgycliolo v and Lif e (third edition; Cuicaro:
Scott, Foresman and Cormpany, 1/u40), P. L6,
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eaci supject. Complete testing procedures lasted a maximun of ten
minuves for each subjz2ct. Th2 cata were recorded by the operator on

thie subjzct's questicnnaire card.
Statistical llothcos Buployac

Aritimetic means were compuﬁed for moveirent and reaclion tinme
scerazs of each subject, using; the last twenty trials as raecorwiznced,

The dificrence in mzans Jor recacticn and movemaznt time batween atiletes
and nonathletes was tcsted for siymificance by using tiie critical ratio.

Witiin tie atirletic greup, analyscs oi variance with corrasponding
P test ol si:;nificance wore used to determins if tihe four sport groups
were from a nhowmogseneous or heterosenecus population. dank-differencs
coefficients of correlation were corputed for sacn sport to measure
tne degree of association betwezn reaction anc movenent time rank and
coach-assisned ability rank.

For ncenatnletes, analyses of variance by letter grace were computod
for each sport. An adcitimnal computaticn, thc Student small sampls
MM was usad to test the lypotiicsis thal a signilicant difference in
the means of reaction and movement time curing anc after menstruation
was nonexistent. Procduct-moment coefficients of correlation were com-

puted to determine the relationship betwsen reaction and movenent time.



LXSULTS
Atnlet:s and lionatinletes

7o allow for practice scores to be excluded, and to sinplify

statistical cormutations Irem tie raw cdata, thie last twenty trizls of
1

eachh subject wores us2a to computc tioz individual mean. Avoracing tle
ferty-seven atildetes! scores producczd a mean reaction time of 0.2482
seconds, while the seventy-Iive nonathletes' mean rcaction timz was
C.2735 scconds. Tiat tie dificrence bztween the athiletes and non-
athletes mean rcaction tiae was hignly sicnificant, was revealed by a
critical ratioc of &.CL. (P = less than 0.Cl.) The nypothcsis that
this diiferencz can be attributec to ciance is tnus rejected. Similar
results wsre founa reparcing mean movenent times. The athletes showed
a mean movement time of 0.27.45 seconds, and the nonatiletezs, C.2979
seconds. The significance of thie differconce in tne m2ans was
demonstrated by a critical ratio of u4.85. (P = less tnan 0.01.) The
differences bztween tae mean rcaction and movenent times of the two

~a o

groups were 0,0253 and 0.0233 scconds respectively.

1illiam 2usse21ll Pierson, "A Compariscn of Fencers and Honfencers
by Certain Psychnicmetor, Space Porcepiion, and Anthropemairic lieasurcs,
(unputlished 1.ast r's tresis, liichigan Stats Collepe, wast Lansing,

1953), p. &7.

1
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durley and Hubbard Jounc rezaction tiue of male athletes tfaster
<4 + “ - 4
than nonatiletes. Beisa and Peaseley's stucy dealing with reaction

time of skilled and unskilled wem2n shewed similar results. Pierscn

5

)

discevered a significant difference bestwecen rale fencars and nonfeoncars
in spezd of meovemant., A Jdiffzrence in roaction time me2ans was showm
althouch 1t was net significant. The results of t'ids study would tend
to sapport tn2 lincin.s of tres2 invastizators, It siould be notzd,

AT 3y 3 - T Ar S v - ~ Tyt oo v N T oy -
nowaver, that reaction tins comparisons botw.nen men and wonien have naver

factor inifluecnczd the rasnonses of tiiz athiztzs to a greatzr degrac
than tnos:z or the nonathletes. TFast reacticn time was baszd upon the
instantancous pcrception of the visual stimulus, whereas movement tiae

pense followad and was an extension of the reaction time response.

2]
(4]
9]

It is possible, taerefore, anc more logical to assume that motivation

affectad reaction time tc a grzater =2xxtent than novement time. On the

otiher hanc, it is feasible that athletss excell in spz2d of reaction

becaus2 of an unitmown innatz quality wihica mary or may not be motivation.

%L. R. Burler, "A Study oL '1 itcactlon Time of FPhysi
Th2 2es2oveh Quarterly, X7 (Cctober, 12ii), po. 232-239.

(Chicapo: Amarican A35001ﬂtlon ofI

Recreation Research Section, 19°7), 1-5. (Tine

3Alfred W. Hubbard, "Peripneral PDPCuDulon and R2actio
oal

“Dorotny Beise, and Virginia Pe e 2elavicn of Reaction
inc, Speed, ana Afility of Big tusclz Groups to Certain Sports Shkills,"
he Research Quarterly, VIIT (Larcn, 1937), pp. 133-152.
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“Picrson, op. cit., pp. 1-99.
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Another possinility sur_ests atiilates! =icellonc2 can be abtributed to
training. UYhere is ovidence to supgort tiis himothesis, as thiors is
evicencs to repuciate ib,
Taz movement tine results confirmed the rosearch fincdinss of
6 -
Pizrsen. Ju2 motlvabion Tactor imay Lave oporaczd to a lasser degree

in these resultis.

deaction tine, Witnin thz athletic group, analysis of variance

ct
&

c+
cr

with cerrespending I' = score of only 1.327 incicatzd h2 tennis,
fenci.on, swimmdng, and field hociicy groups wore Lfrom a hono “tnzous popu-
lation in so far as rcacticon time was concarnad. Thoe mean reaction
time scercs fer iz
field nocirey C.28C1, and swimiing 0.2272. .csults of the analysis of
variancz are sicwn in Tavlz I, pane 3-.

Although no sirnificant cifferences among the four sports were
observea, the resulting mean reaction time scores indicated a trenc
which would confirm the findin-s of Cureton and Beise and Peasclcoy.

7 . \ - - N . I
Cucrzton found swimi2rs, as comparsc o various conaplion atiilzies
> 'L 3

cenonstratzd slowest total body rezaction time; w.oreas Heilss and Peaszloy

observad tennis players as tne fastest reacvors whaen compared with

——

LR

SThid.

7Thomas k. Cureton, Firsic cf Cuampicn Athlstes

(Urvana:  The University ol ILLlDO;“ Py:ss, 1/;L), po. sL=10C.

[&4]
-4

Beise and Peascley, loc. cit.
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ANVALYSIS CF VALTAICE OF HEACTION TIL .S
Cx o7 AMLITS Ti0 L SPCLYS
G..CUPS € VARIGUS STZ=S

Sourc2 cf variaticn Sum of I.ean
{rezodon squarss squars

Total LA L3526

B2tween sports means 3 L0o2e2 LCOCUL0

Within sport Ny L2050 Relsioy(ers

F = 950/7C8 = 1.527, not si;mnisicant for 3 and L3 df at tne C.CY

m : -

TAsLs 11

—_—— e —_— - —

Source of variation Dryress of Swn of Iiran
Ireedom squares square

Total n6 L0007
Betws2n sporis reans 3 006 L0013

Within sport HE] .CChl .CCU10

F = 133/1C = 15.3, sicnificant for 3 and 43 ¢éf at the C.C1 level.

— —— —
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archiers ana golrers. CIf the four sports tested in this stucdy, it
should b2 noved that swivaing is the sport that varies widely from tie

s

other tihree.
Tue results of a2 L-difiarence coefficients of elati
e resu < wne rant-cifirzrence coefiicients of correlation

snowed tuab no sigaificant rcelationship caisted betwesn any of the

néividual rcaction Ulime scores and tucir assigned abllity rans

]
£
=3
I
Co
l—l .

o

within the sport. The resultings rho cocificients arc shown in

tovenznt time.  In aisagrecment witn tone reaction timz results by

o

=

1
o
|t

sport, an I' = score of najcatzd that the four sports groups wara

imificant

&

}_lo

not from th2 same population and tue cillereonce in neans was

C’)

at the one per cent levzl of coni'idencz2, The mecan movanent time of the
~el

four sports wers [isld hociicy (U.2507, z=neing C.2702, tennis 0.2757,

and swimiine C.2055, The analysis of variance is showm in Teble IT,

It appears that tihe type and anount of pnysical activity is related
to speed of movemsnt, Filcla noclcy, as compared wita fencing, tomnis,

and swimeming, is a convinuous runninz gase involvin,: constant change of

Tae tennis anc fencing sporis tend to be "start and step" type

Lo}
[Ab]
[¢]
(O]
.

of activities. In conirast, swimrdngz concitions require entirely
different types of movement. The training period involved for most
arsity sports evidently had little effect upon ths results, as eviazsncea
by the fact that only in one sport--tecmnis--were tne avhletes actively
engac-ed in compstition or training cduring the testing period of tnrse

weeks, The further possibility exists that the atliletes comprising the

o
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ouvher threz groups wore incividvally enjaz2d in other sporits activities

3
aside Irom vorsity competition. Aarick  cencludea thiat spezd of move-

4

ment possessad by an individual caanot b2 incre ¢ to any appreciable

extent. This would assume that the quality is innate., Tne four rani-

Vs

cifi=srenc2 coeilici

- o

ents of correlation betwesn ranizod mevanment tims
scores anad assicnad ability raniks within tennis, swimming, foncing, and

field noclizy grouns w2r2 not significant. The rho for eacn sport is

stown in Tavle IL[, pa-2 37.

1 I

The results of boin

'

movaraent time and rzaction time ran.-diiierence

[

reclations incicated trat incividual scores and abllity werce nov
correlatad. These results may have bheen aflfectad by women wio ware
nighly proiicient in other sports activities, but ranked as to ability
in only one. It is a Irequent occurrence to find a woman avulete pro-

ficiznt in various sporis, whicit cnablzs lar to competc thie year around.

Py

Wonatnlalcs

: 4 .. - e o, R I
"= ratio ia the analysis of varlancs oy letior

v
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rade for each sport coursz was nct sijnirficant. In ceupubing the data,

]

s2tber grades affeocted by stncent absencas were excluaad. This
necessitated the use of a smallec nwiver of subjects wiliin the swiming

proup. The mean scores for cach letier grade by courss are sicwn in

‘or tennis, swimming, and Icneing are

Fh

Tabla V =2 U0. The F= scores

indicatcd in Table IV, page 39. Witidn each ol the three sports,

SLawrence larick, "An Analysis of the “o 2d Fnc*o” in Simple
Atinletic Activities," The 2escarch Quariterlsy, LT I (Decanider, 19°1),
pp. 09-10%.
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Sports mzasursment Course Gracs
A 3 C

Tennis nzaction Time L2723 25594 L2651
Tennis rovement Time 2Ll (22 )% <5055 L2079
Fencing 2zaction Time 2l L2072
Fencing rovament Tine (17) PRI L2950

- . P . . I o -
Swiimring itzaction T .ch( (2) 2,00 2015
Syidradn;: fovement T o 2008 Zuth UES

“Kwroer of subfects are siowm in parentnssis,



Ti2re was no eviconce tnat indicated a trond towared the "A" situdeonts
being fasuer tian the "B," the "o fastor than taz "C," or thz "C"
faster tuan tne "O" or "rM" studonts. Tie mean scores varizsd amon

1 el
OS2YVEC,

2Loer crad2 ¢roups, bub no trenas were o

-

T2 wovennt time and reaction tine cata were

v

imilarly computod. Azain ihe lelver grace groups for t2nnis, fencing,

{

and swimridng constitutzd random sarples Ifro. a howog2neous population.

That tne letisr jrad2 group nicans of eacn sport aid not c¢ilffer signifi-

paze 37, Tha letter grace neans by course are prasented in Table V,
pace LC.

Thnesa2 reaction and movement time results would be expected to
occur und2r conditions not aifccted by chance samplinc., In dealing with
women, l2tter graces arz often basad upon measuras otiaer than perform-
ance, shill, or innate ahility. The intercst of the studenuv enrolled
in an activity class of tin typ2 tested plays a larse relzs in dewermin-
in~ her finel prace, as well as afrfzscting heor performance and skill
within the class., It is natural to assume that letter grades would
vary to a greator degre: than reaction time or rovemant tine, cduz to

.

their subjectivity. In contrast, it is not illogical to acsume that ths

interest factor would also opceratve wion reaction and moveineny bimes

were tested., Acain this motivation factor possivly affected beth tinz

letier grades and tnz test scorzs, only one, or neiunor.



Ilensiruation

=
ro

aditional computation was wmaae to cotewmaine if mensteuation
affzct2d rcaction and movemant tine scores, The Student small sarnle

tecunique was applizsd to the cificrence betwzen the rneans of fourteen

“zrence baiwoen Uhis means waen mensuruating
and not menstruating was not sigsnificant for either reaction tinme or

movenmt tiue as c¢zonstrated by "M valuss of (377 and .21 raspectively.
Both values were entered witi thirtesn degress of freedom. Tae movemant

time mean when menstruating was C.2025 szcondsy w:2n not menstruating

tiie sane mzasura was 0.27»5 s=2conus., [.o reaction tinme r2ans wer

similar, C.2.C5 when menstruating and 0.246u4 wien not menstruating.
Faster mean movenent and reaction time responses were elicited wihen
the group was not ncnstroatin-g, Thase results nay show a trend, but it
s also probablz that thoses faster responses were the raesults of practice.
Throu-iocut the testing proczcure, if menstruaticn was obsarvad on the

first test, the subjzact was rotested alfter this period. The non-

menstrual daba were collected fron the sescona tast.

nd

Corrzlation of l2action Tine witn Movenent Time

To determine th2 relationship betwszan individual reaction times and

riovement times, procuct-moment coz2rficients ol corrclation wers corpused

for the athlet2s and nonathletzs. The resulting corrclation ccef-

[&]

ficients for the athiletss and nonatiletes were 0.257 (P= betwsen 0,065
and 0.Cl), and C.291 (P= 0.0) respectively. Altaougn beth correlations

between these two functions were very low, they were sbtabisuvically

K s o e
significant.
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In ind:.pondent studdes, Henry and Trafton,  Eenry,  Pierson,

and Slater-ﬁammclls found reaction timz anc spead of moveuent to be
uncorralated and entircly indepsndant functions. The sli;it inaication
of corrzlavion found in tiids study would tend to contracict the findings
of the avove investigztors. It sirould be pointed out that the stucies
mentionad above were concucizc using male sudjzcts; thereiore, the

pessibility exists that s2x diflercnees were operating in this stuay.

f=l

10Fpanklin k. [Henry, anc Irving It. Trafton, "The Velocity Curve of
Sprint Runnins," The Reszarch Quarterly, XXIT (Decender, 1951),
pp. 10U-521.

11Franklin ii. Henry, "Indeopendance of Reaction and ioveuent Timss
and Zguivalence of Sensory iotivators of Faster iesponse," The A{2s2arch
Quarterly, X{III (rarch, 1922), pp. L3-23.

1%pierson, loc. citb.
1zA, T. Slater-lawmel, "leaction Time and Speed of lLovemanb,"

Psycholo~ical Abstracts, LVIII (July, 1254), p. L1C.




CUAPTEL U
SULDAYY, OCUCLUSIONS, Al oot SDANICHS
Swrery

The reacticn time and novainent time oi forty-soven wornen athletoes
and seventy-rive womsn nonatalates ware nmceasured con an elactronic
apparatus. Ta2 resulting cata wers stabtistically analyzzd,

The athletszss were furtior studisa by comparing the reoaction tine
and meovement time scores of four sport groups: cigsht toon
saven fencoers, tuslve: swimiers, anc twenty fizld nochey plavars wiich
comprisza the total groun.  Also, within each sport group, uiiz women
wore ranked by ability and tiuzs2 data comparad to similar rani-ed reaction
and movemzant tine measures,

teaction and movioment time scores and letter ;rades achieved by
the nonatiletes in thre: instructional courses, tennis, swimming, and
fencing, wcre also cospared.

The effact of nensiruation on reaction tine and novement time
wzasures was aetermined from comparison of Icurveen paired ooservaivions.

Also, the relationsiip betwesn reactlon and movenent time was determined,

Conclusions
From the statistical analysis of the data, the following conclusions

weres drawns
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1. Wormen atitletes are significantly faster than women nonatiletes

in speed of arm movenent,

nificantly Taster than womzn nonasliletcs

« In comparing a small namber of cases, menstruation has no
neasurablz efleclt on spe2d ol movament or sp22q¢ of reaction.

4. Heaction time is nct correlated with coachi-assimned avility

position wivnhin tennis, swimidny, fencing, or field hochoy.

Ln coacn-assicn2a abilitly
positicn within tenais, swimning, fencincs, cr field hocloy.

5. Within tie athlaetic group, tennis players, swirazrs, fencers,
and {i21d hocley players do nob ciffer sipyniiicantly in reaction time

neasures.

W

7. Witidin tas atidetic group, tennis players, swimmzrs, fencars,
anG field hockey players cifier significantly in speed of rovement.

Tucy ranted as follows: Iiela nockzy, iencing, tennis, and swinming.

unrelated to achicvenznt as wmeasured b lette

9. Lonathletad movewsznt time in tennis, swimming, and fencing is
unrelated to achievement as measured by letter gradz.

10. Within the atnletvic group, a significant correlation eiists
betwsen reaction iime ana movemesnt time.

11. within the nonatiiletic group, a sisnificant corresiavion cxists

between reaction time and movement time.



Reacomnznaations

1. A study suoould be conauctea to ascertain thc eiiect of training
on thz reaction ana movensnt times of wonen,

2. A study sxnould b2 dzsipgned to ciscover tie elfzcts of ran-
struation cn reaction tine and movement time.

3. neaction tiine and movemcnt tine msasures of risn and wonien
siiould bz compared,

Lo Champien  women atnletes shoula ve t2staed in relaticn to re-
action and mveoaent time.

5. A study of total body reacticn and movenent times of women
snould be conducted.

G. Sporis activities requiring varyins d2zrees of physical activity
saould be coupared.

7. The results oi tiils research saould be varitfied by a sinilar

study.
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1. Subject Quasticnnaire Card
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