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CHAPYER I
INTRODUGTION

(Mmhe improvement of physioal performance has long
been a problem of great importance to athletes, aoaﬁhes;

and physical educators. Many different metheds and

been utilized in an arfart ta push the participant to his
top or ultimate perfarmanae. g '
, ffhere 18 muoh canjeﬁtﬁ;e ag to whether this optimum
or top laval of performance oan be raiged by artifiaial
stimulation after peak conditlon has been regched and the
skille involved in the per@ermanea hava-baan\maateréd,

&cﬁé:&mng ﬁa'Baael, atimuianﬁs'sn& widely used today by

athletes in all types of competition. He groups the sube

stances u#ad into four olassest (a) Food preparations,
1&@1uﬁing.tha'sugara,\vitamins; phoapates, and salte;
(b),@xyg@ﬁ; (eJ.ﬁsﬁif&ﬁi&l,sunahine;ranﬁ (4) Pharmsceutical
fauﬁﬁﬁ&nééa; ineluding the tdopea! whieh influenae the
nervaua systam. heart, and ciruulatian.x

%one of the pharmaceutiocal aubataneas listed by Beje

1 Q.. §ep1ng Boje, "A stuay of the HMeana to Ralse the
Level of Performance in Sports," League of Nations Bulletin

%&ﬁﬁn&g&&ﬁfof—eaaah%ﬁgy~aandiﬁ&aﬁ&ﬁgyman&wmettwatianwha&e~w——————-~w“;

of the Health Organ, 8(5):440, 1039,




; {j;s saffeine,® Although thls drug ig commonly used in
beverages of many kinds, there 1s no general agreement

concerning its use in conneotion with physical af£5§¥§

/Some coaches forbld it to be used in any form while the

[

athlete is in the process of training; others encourage

. the drinking of coffee or tea before an athletlc contest,

participant and postpone the feeling of fatigus. No
definite evidence has been produced to support either con-
tention, and no concrete proof has been offered that
caffeine hag any influence, benefi@ial or &etrimentai, on

—

athletic performance. | It would seem, under these oircum-

stances, that éxgerimental investigation should be made in

regard to this question.

8 8. 0. Potter, Therapeutics Materia Medlos and
Pharmesy, p. 187. According to rotter, Oaffeéine {Theine,
Trimethylxanthine) ¢ ﬁ} NO4At00, a feeble base obtained
from the 4ry seeda‘o% fgﬁffaa.arabaca,? ogcura in color-
less, silky corystals, soluble in water and alcohol. The
plant 'Theobroma caco&a! sontaines Theobromine, a principle
clogely allied to caffeine. Another, 'Erythroxylon Cooa,!
contains the alkeloid cocaine, which is allied to caffelne
in action, but is more powerful.

beiiev&ng—ﬁha%—%he—s%i&ulatingmaffeatswwillmlpep-upLMthew_“_____meL




OHAPTER 1T
REVIEW OF THE LITERATURE

Klggny gtudies have been made showing the effect
caffeine hes upénfwark"autnput, fatigue, and reaction
time. Relatively few have been found which directly

‘concern the use of oafféine to stimulate athletls per-
,rermanaaaj Until more reeearch is presented along this
-14ine, 1t shall be necessary to study work performanses
whaeh’aiaaély regsemble and parallel athletic participa-
tion.

Brief physical 3ff6?§5;1 ﬁesaarah to date has

failed to discover any 1nfluanae eaffeins might have upon
brief physical efforts. ,ﬁerxhsimgr, ag reported by Beja ’
administered caffeline to 46 subjects before a 100 metre
race. His results indicated that no impravement ﬁas
apparant aue ta tha use of the drug.j ﬁalﬁ& and wynng
tastad a group in a 100 yard swim, uéing both caffeine and
‘& control to observe if performance was modified., Thelir

reaults 5hawa@ that aaffeine h&ﬁ no influencs on 1nxt1al

1 1vad., p. 459

2 7. Haldl and W. Wynn, %Aotion of Drugs on
TPPY Al anny af wdmmeva.lt Begseaveh muarvriariyv. 17:08. Hav.




gpeed and increment of speed during the tss€$1

N
e

Mork produstion and recovery from fatigua. More

protracted forms of work are favorably affected by the
drug. Rivers and Webber® made an early study of the

effeot of caffeine on fatigue Induced by the scontinued
1ifting of small weighta. Thay concluded that caffeine

“produces a large 1nars&ae ‘An the capacity for musoular

A o e

werk. Anath&r obgervation made by Rivers and Webber and

e

s

substantiated by Hyde and Rooté, was that gquantitatively

and qualitatively, caffeine has a varylng effect on

a1fferent subjeeta.z Much of the research dating fram this
$ime considered the amount of oaffeine administered in
relation to kilograms of body weight. The factors of
tolerance and habituation to caffelne were also considered
in many other later studies.

EAThere is slmost unanimity of opinion thatg strength
and work out-put are accelerated and recuperative pro-

cesses are speeded by the use of ocaffeine. However, there

" 8 W.H. Rivers and H. H. Webber, "The Action of |
© Caffeline on Capacity for Muscular Work," Journal of ;
:Ey,,aiolo , 36 (1):33, 1907, e Y

’ I Hyde, C. Root, and H. Curl, “Comparative
Fffeata of Breakfast, of No Breakfsat, and of Caffeine on
Work of Athlete and Non-athlete," Amer&can Jaurnal of

Physiology, 43(3):371, 1917,




geemsg to be a point of diminishing return in relation to
the size of the dose used. Hyde and Hoot® found that
endurance and power 4o not keep pace with inoreased dosage.
Bubjeots used in their experiments greatly inoreas ed thelyr
‘eapacity for muscular work with an aptimum dass;.~§§g§

this dose wag inoreased, museular power dealined The aame

expam&mgnt_also_indicated that different alzed dosea

” eould not be pradicted. This canelusion 1ndiaates that it

wwuld be a airficult problem for a coach to presoribe the

amount of caffeine needed to obtain the maximum result.

Gomparative effects on trained and untrained sube

jects. Studlies made by Foltz and aasaciatean?'showed
that there 1s a difference in the effeot of caffeins on
work production and resovery in trained and untralned sub-

Jects, 1t was disclosed that training overshadowed the

5 Ivid., p. 390.

6 5, Foltz, H. C. Ivy, and G. J. Barborka, YInflu.
ence of Benzedrine, Pervitin and Caffeine on Work Qutput
and Recovery When Repldly Exhausting Work is Done by
Tralned Subjeots,! Journal of Laboratorg and Clinical
Medloine, 28(5):603,

? E. Foltz, M. J. Schiffrin, and A. C. Ivy, "Influ=
gnce of Benzedrine and Caffeine on Performance of Rapidly
Exhausting Work by Untrained Subjects,® Journal of Labora-
Yory and Clinical Medicine, 28(5):601, PRT: % PN




influence of the drug, which in lteelf merely produced
gubjeoctive feelings of euphoris, but no material results.
A point to be considered in these studies 18 that the
ateol—atepping test with & heavy pack could be a rapidly
exhausting work-task when done by untrained individuals.

There might be some connection between thls possibility

anoes as noted by Haldi and Wynng. The fact that tralned
subjects received beneflits from caffeine may make this
theory sound like a contradiction, but trsined subjects |
might resct to the stool-stepping test as endurance work,
and the untrained might become gso rapldly exhaugted that
the test would approximate performance in a short,
vigorous athletloc test.

~
Handgrip gtrengﬁh.(y?he strength of the handgrip

would algo seem to be an important factor in certain
aativitiea guch ag gymnastics, combatives, and welght
 1ifting. Tests of handgrip strength and maintained hand-

gripg indicated that scores are better on days in whioch

8 y. Haldl and W. Wynn, "Action of Drugs on
%rfialenuy of Swimmers," Research guarterly, 17:96, May,
946.

-9 g. R. Thornton, R. Holok, and E. L. Smith,
“gffect of Benzedrine and Caffeine on Performance of
Cortatin Davehoamatar Toaka. ¥ dnaringl oaf Ahnaranl Davakbe.

and_tha_inabilixy_xb_stimulate~shprm,méxhauating~parform-HM-————-»»w}




“eaffeine is taken. Schultale'reparted that caffeine pro-

‘duced a large rise in the work curve for the strength grip,
and & drop was resorded when decaffeinated coffee was used.
The only disgenting opinion on handgrip atrength was given
by ¢uilliland*l who found no difference. in gtrength grip

with or without caffelne in his teat group.x

13
L
3

Motor'tesﬁa.A Motor tests used in eaffeihé experi-

ments 1nelu&e the Targat test, Tapping tagt, ﬁtea&iness
test, and Goorﬁinatian tegt:
A. Target test: Horatl® found that the target tost

improved unaer the influence of caffeine, and per-
farﬁance beocame impalred after withdrawsl, Parti-
olpants were rated on their ability to hit a target
Qith ] softballé This would seem to be one test
very olosely epproximating athletic performance.

B. Taggina teat: Two opinlions are~g;ven in studies of

e,
P

i 10 R. W. Schulte, "Der Einflues dea Kaffiea auf ?
% cher and gust," Psyaholqg* y Abstract, 46:381-384, 1919.;

11 4, R. G41l1land and D. Nelson, "The Effects of
Coffee on (ertain Hental and Psychological Functions,!
Journal of General Paychclugx, 2113338, 1939,

12 g, Horst, R. Buxton, and W. Robinson, "The Effect
of the Hablitual Use of CJoffee or Decaffeinated Qoffee on
Blood Pressure and Certain Motor Reactions of Normal Young
Men," Journal af gharmaez, 52(3) 322, 1934,




8
the tapping test: 011111andl® stated that coffee
decreaged the rate of tapping loaper aent to 16 per
cent, while Hollingsworthl?* olaimed that the rate
inoreased after & slight initial retardation. He
found that stimulation varied with the size of the
dose taken, bheginning 1h about 46 minutes and last-

ing-as—long-8s four and one-half hours when the

c.

dose was as large as s8ix grains. Thorntonl®
supported Hollingsworth's oconclusions and asgerted
that results of the tapping test were better under
caffeline,

-
it

gteadiness test-3 Gillilanﬁls, Thorntoni?, and

Hollingsworthl® agree that steadiness suffers when

caffeine 1s used. In one of Hollingsworth'e

13 A. B. G111iland and D. Nelson, gp. ¢it., p. 348.
14 y. 1. Hollingsworth, "Influence of Caffeine on

Tapping Teat," Archives of Paychology, 22143, 1912,

15 3. R. Thornton, K. Holch, and E. L. Smith,

tEffeoot of Bengzedrine and Caffeine on Performance of
Certain Paychomotor Taske," Journal of Abnoymal Psychology,
34:113, 1939. ' B - '

16 A, R Gilliland and D. Nelson, op. oit., p. 347.
17 ¢. n. Thornton, R. Holeh, and E. L. Smith,

op. git., p. 113.

18 y, 1. Hollingsworth, "Influanae of Caffeine on

Steadineas Teet," Archives of Psgahologz 22148, 1912.
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4

geveral motor ﬁastalg, he suggests the relationghip
of messurable mugeular tremors preduaed by caffeine,

with the nervous excitement responsible for insomnia

which 18 also produced by large doses of the arug.
Foltz made the clalm that caffeine inareased hand

tremoyr alightly, however the teast made for this

D.

condition-was not- 1aéieated.v~~.

Coordination teast: The article by Hyde?0,
-although essentlally a study of fatigue, contained

6 reference on the effect of oaffeine on coordiint-

$ion. A footnote in the article stated that one

of the two subjects attempted a punohing bag deman—

~ gtration after participating in an experiment in

which he had sssimilated several large doses of
caffeine. Even though he had b@eh extremely
dexterous an& oclever before engaging in the
caffeine test, he now completely failed to attain
any of his earlier proficiency. Opinion of the
authors and dootors attending the experiment was
that the stimulating influence of caffeine ocsysed
mental impressions to follow so rapldly that

19 1bid. , p. 47,
20 1. Hyds, C. Root, and H. Curl, “compar&tive

WP L o e e i B U i o e T Y e i ATl e T F e i B AP A DOAE wm AN
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Attention was diarupted, aauéimg more g¢ffort %o -

concentrate on a single objeot.

Remotion time. | The study of the effect of caffeine

on reaction time i3 alosal? related to the problem of the
gstimulation of athletic performance. 8Hince & fast reastion

time seems advantageous in most types of athletlo partlei-

pation, and if we ocan canéiﬁée %héf'éafféiﬁé”éﬁéiﬁéﬁ#‘théﬂ
" %ime of response, we may be able %o assume that it will
indireetly affeot the outcome of perfarmanae. Some
regearch has indlcated that there 1s a posltive correla-
tion between athletic abillity and a quick resotion time.

Eurlayzl shows & signifloant difference in mean reaction
time between athletic and non-athletic groups. Westerlund
~ and Tuttle®® found that champlon track competitors had the
shortest reaction times of the track groﬁps teated and
dlscovered a high degree of relatlonship between success
in the 75 yard dash and reaction time (r-.863).

Avaurvey of research on the infiunence of caffeine

on reaction time shows, in almost every instance, a

21 1, R. Burley, "A Study of the Reaotion Time of
Physically Trained Men," Redearch guarterly, 16:232,
Getobar,'1944. S ‘

22 J. H. Westerlund and W. W. Tuttle, "Helationship
Between Running Events in Track and Reaction Time,!
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quickening of response, Hawksas

reported a prolonging of
reaction tlme in hils test group, but hias study is vagué in
the account of the teating and the slze of the dose used.
gtudles by Cheney®%:28, in which a psyohometer tests eye-
hand decision response, show that reaotion time 1s
ghortened.

ﬁhaﬁaygﬁ—and~ﬁerst37mcempaved~tha»&tf&atsmafw S

ocaffeine alkaloid and ooffee of equal ocaffeine content in
two separate studlies. Horst believes the two have the

game raduativa.aotion on resction time, whlle Cheney clalums
that puré caffeine is more effective, axoapavﬁuring the
first half hour.

n28

Hollingswort tested reaotion time in a carefully

gS’P. Hawka, YA Study of thsielegioal and Paysho—
logloal Reastions of Human Organism to Coffee Drinking,"

Amerioan Journal af Physiology, 90(2) 1380, 1929,

24 R, H. Cheney, "Comparative Effect of Goffee Per
ge and a Caffeine Beverage (Goffee) Upon Reactlion Time 4in
Normal Young Inﬁividuals,“ Journsl for Fharmaez, 55(3) 30é~
313, 1936,

25 R, H. Cheney, "Reaotion Time Behavior After
Caffeine and Coffee Consumption," Journal of Eggerimental
Payohology, 19: 353-869, 1938, _ ,

26 Ibid. , p. 360,

27 ¥, Horst and V. Jenkins, "The Effeot of Caffeins,
Ooffee and Dedaffeinated Uoffee Upon Blood Pressure, Pulse
Rate and 8imple Reactlon Time of Men of Various Ages,t
Journal of Pharmaoy, 63(4):386, 1935,




12
controlled experiment in which sixteen subjaana:were
obgerved. His test lnvolved the eiement'gffdisariminatian
‘in which both hands were used. He found that small
gmounﬁs of caffeine oreated a preliminary tﬁrisknass!
which cauged false reasotions. Retardation of reassotion

time followed as & voluntary caution in an effort to

reduce these falee resctiond. - Larger amounts of caffeline

(6 gr.) eliminated this preliminary retardation of

repction time.




GHAPTER III
THE PROBLEH

- The specific problem of this study is to ascertain
1f the adminigtration of ocaffeine alkalold will in any
way influence the starting times of & group of high school

track men.

In a review of the literature concernsd with the
effact of caffeine upon rsaction time, we find in almost
evary case a faster reaction time resulted when caffeine
was given., In acoordance with these findings, it~might
be expected that caffeine would also reduce the time
required in making a gtart. However, eonalusieﬂé from
other research wr&ter&l'zag ate largely drawn from studlies
in whioch hand response 1g teasted. The action of starting
might aiffer from other reaction tests in guch a manner ag

to produce other results. Also to be considered ia the

1 R. H. ahanay, ‘Gomparative Effect of Coffee Per
fe and a Caffeine Beverage (Coffee) Upon Reamation Time in

Normal Young Individuals," Journal of Phammsoy, 53(3): 1504,

1936,

2 R, H. Oheney, "Reactlon Time Behavior After
Caffeine and Coffee Gensnmptien,” journal of Experimenta
Psychology, 193353, 1936. S

B % X. Horst and v, Jenkina, "The Effsct of Uaffeine,
Coffee, and Decaffeinated Qoffee Upon Blood Pressure,

e e awen IJasom Al Ol el o Pl i R A Al Elavn A CFA el aiea

S
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voluntary eaution which Hollingsworth® found in hls experi-
ments. If the subject ls stimulated into making false - |
resctions when influenced by caffeine, his starting time
might be retarded by s self-imposed wariness to avoid
breaking before the stimulus of the a’eaming; signal.,

4 Y. T.. Ea1l4nescawnvth. 'ﬂﬂn‘f’f‘-g&né and Manviminatd ana

»

{
e s
P



CHAPTER IV
THE PROCEDURE

Thirty=-four members of a high school track team
wore tested in this experiment which coverad a period of

five weeks. Eleven of the boys had taken part in a

daily starting practice for two weeks before the actual
toat bagan. Bach of the 34 subjeots was tested ten
timex;'fivs périods with and five periods without caffeine,
The testing period consisted of twelve atarts, meaning that
all members of the group started 60 times w@th, and a like
number without caffeine, making a total of 120 starts for

- each éubject,‘ The boys in the gquad were tested every
other day and caffeine was alternated with a eonﬁrql sube

stance,

Ihe apparatus. The apparatus which was employed
to measure the starting time of the group, consisted of a
elapboard, & Cenco shronoscops, and two wooden starting
blocks, one of which contained elsctric contact polnts.
Thisg apparatus (Figure 1) was wired in series with s
rectifying eirculit to a eéunter.
A. [The olapboard: The wooden olapboard (Figure 2)

Witk s i matatvwisntad Phat whioan tThe o annPRASH wroawns

g?em;eua_xes$_an_starﬁs,}and,thewentire;sguaﬁWWaamg&ven..mw__;___h k.




FIGURE 1
DRAWING OF ELECTRIO OIRCUITS IN RESPONSE UNIY

o
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PIQURE 2
DIAGRAM OF (}LAPBQAFS) AND STARTIRG BLOGK
Uﬁm} 11‘1 R?A«SI?C)I‘IS& TJHXT
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elestric contasts met and activated a ohronoscope.
B. [The shronogoopes The chronossope wag a 60 oyolse,
110 volt timer, operatingﬁan A. O, Time read from
the dlal was indiecated 4n 1/120 second when the
oseillations were hased on & 60 oycle impulse from

the power sourge.

O+ Zhe starting block: - The starting bloek (Figure 2).-
whioh supported the subjeotte renr foolt wag built
with & hinged board in the front. This board was
separated from the block by two steel coil springs.
When the subjest was in position for hils start, the
welght of his reayr foot compressed the hinged board
apaingt the face of the blook. This aotion con-
tacted two electrlic polints in the hinge and the
15&@@ of the blosk. When these points met, a small
bulb at the rear of the block hecame incandsscent
and 1nﬁ1¢ahaﬁ the apparatue was in readiness for the
start. The front starting dloock aantaiﬁsd na cofe
tact pointa and was not connested electrically with
th@)weam~0£ the apparatus.

D. The gounter: A Gounter was also inoluded in the

series in the event that some of the starts might

involve mare-than one sweep of the dlal. This did

not prove to be the case, and the counter was not
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was used; however, in the callibration of the teat-

ing apparatus with a meéhanical staywatoh.

'gm* aetigg of the hpyaratue. The apparatua was
threwn 1nta aeﬁian when the h&nged clapbearﬂ gave the
stimulus ar aﬁarting signal to ﬁhe aubaeet. the cantaet

st&rting the ahraneesape. Whan th@ syrinter sheveﬁ off

With his Z‘ﬁat‘ fOOt af‘ber h&arlng the ‘signal, the o611 ———— e

springs in the atarﬁiag block separated the hinged board

f?nm the face. ?he resultant breaking of the eiaetr;e

aontaots stopped the~ahranaaaape. The atarting tim&, or

the interval between the atimulua and the sheving eft with
the rear foot, was 1nﬁieakaa on ﬁhﬁ dial of tha ehrone«

| scope. Falee atarts wers not reoarded as the shronossope

would not start when the sprintar was off the etarting

- bloek at the time of the atartlng gignal.

meﬁinit@'J;gg the gtart. A survey of available

literature on related starting tests emphasizes the
importance of defining starting time. Aoccording to Tuttle

 and Braanahanl

» the sprinter makes four contacts with the
track when in the tget set! position. These ocontaots, the
‘two hands and feet, are lifted from the track during the

‘prwgr®asien of the start, and any of the four breaks could
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be used as the basis for defining the atart, Nakamura2
interpreted starting tiﬁe as the interva1 between the
stiﬁu;us and the moment theihaﬁ&é were 11f£ed,rrnm the
track. wutﬁlé“ahﬁ,aresnahéngg;hoﬁevar, soncluded that the
flagieal definition of the .atzrt ﬁaﬁlﬁ cans&at'af'tha pariod
batwaan the atartarls signal and the 11£t1ng @f the reax

f o5+ Thie wae-baged on the aaaumptisn that-a- sprinter ———

has commencsed his start before all of the ground contscts
are broken. Obviously, 1t is optional as to the point of
bbdy movement whioch might be consideved aa constituting a
start. However, ag most of the recent research on start-
1&@ ﬁas uged the same eritarian»asrmuttla and Erasn&ham*,
in order to have a bagls for comparison, the welter has
&eeapﬁgﬂ this definition and has collected &afa aocording
o this standard.

The aam;nistratiaa of saffeine. The administration

of aaffeine praaentea saverai problems; Publioc opinion
had to be considered first in vegard to the matter of giving
a compound classified as & drug to & group of minors. The

sizé of the doase to be given was also an important item;

, 2 H. Nskamurs, "An Experimental Study of Reaction
f&me in gtarting Racees," RBesearch guarterly, 6:33, Mareh,
1834, S ‘

5 1 Mtk tlas and n ﬁwﬁf;hnhﬁﬁ\ PR K . o TYTM
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1t should be laxyge enough to have a stimilating effeot,
yet not too large as ta5¢ause dlstress in the subjeot.
~ The cholse of a sontrol subatansé‘qr placebo which could
not be distinguighed from the,&etuél drug and which would
have & neutral effeot in the body was nesessary for the

succesy of the test, Other faotors whioh had to 5& coN=

drug go ag to receive the maximum effect; alternation of
the placebo and caffeine; and aveiaaﬁaa of caffeinated
beverages which mlght develop a tolerance in the subjlset
and mopdify the results.

| In Qraer to avoid adverse public opinion and the
“gusploion that we were endangering the héalth of the test
subjects, permission was firat seoured from the parents of
the squad m&mbaﬁa and ffem the school doctor (Table V). A
pledge sheef wasg als$ signéa by each membar of the test
greup-in an effort to contrel other conditions which might
influence faotorsz in the test. Esyeeiaily important were
the matter of eating befere the starts and the abhstinence
from other sources of caffeine &urihg the test (Table VI).

The drug was glven in the fbrm of caffeine alka-

1014 which appears as a fluffy, white powder, Gheney5

8 ". H. Gheney, “Gamparat1ve Effect of Coffee Per

e wed o MaPPaitna Dawaviaes fAAFPanY iwAan Doasatdam Mima 45

&re%%ﬁé—%na%u&@é_ﬁhamaaheau&;nguaﬁathemtimeﬁafmtakingmtheﬁw______mme
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soncluded that caffeine per se reducsd the resotion time:"
8 per cent ag compared %o a 4 per oent reduction when
;#atfee wag uged. Another advantage of using caffeine in
the pure form was the peaaibﬁiity offatanaéraizing the
dose, This would havelbean extremely 4ifficult AL the
beverage had been used. The aaffeine gikala&d was put up

-in-3.6-grain-capsulea by the MoKee Drug Company of Oakland;
‘aaliférnia._fFinkigeiatina2¢apsulea, No. 2 sigze, were used
. a8 aonﬁa&ngfs f&riﬁha drug, having the advantage of |
camouflaging the contents and quickly dissolving in the
stomach.

Plaosbos were made by f£illing the aéme gize capsule
with sofium bicarbonate. It was impossible to tell the
ﬁiﬁferenaerbatween»the-capﬁule~aantaining caffeine and
the oontrol capsule even under close examination. It
~ should be mentloned that the subjeots wers under the
1mprassien_ﬁhaﬁ-a11 sapsules contalined aaffeine, and there
appeared to be little interest ln them after the firet
dose w&a taken.

The oaffeine and the placebo were taken at the aame
tine each testing day. The half of the aéuad slated'far
the day's testing would report to the boye! gym at
2120 p.m.' In s r@am'use& espeolally for this purpose, they

would reoeive their capgule for the day in an énvelapa‘
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would take their capsule with a glass of water. They
would then return their envelopes and report to their

next olass.

Q&rm&ugg(ggg gorder of starting. At 3145 p.m. the

:test’graup reported to the track. After a8 warmeup period

| aansiating of Jogging 1aps, atratahiag exersises, and

praoctice starts, they were calxeﬁ to the atarting statien.
Thair starting order, whiloh was drawn in random order,

wag given to the group. It should be noted thav the

subjects were tested at the aame time each day. This was

done to aveid the hourly varlation in reaction time
noticed by E1be1®, and also so thet the testing time
would fall within the period of maximum effect of caffeine
wh@ehvéhéney? found to atert within 30 minutes of inges.
tion and reach 1te peak in two and one-half to three
hours, . wha'tasting period for the half of the squad
taking starte covered approximately one hour, whiah meant
that 1t was within the intervel when oaffeine exerted its

greatest influence.

The gtarter. The etarting for the test was done by

6 E. R, Elbel, "A Btudy in Varlation in Response
Time," Hegearch ;&rtar1 , 10:49.50, Mavrch, 1939,

7 L ) Ty ﬂhau@uf ¥ Smim o B 8 onin TR vmoe T on ¥ o ma® o mi A Mda i ol
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the same individual throughout the experiment. He was
stationed slightly behind the subjeot and about six feat 
away. From thig position 1t was impasaibigufor the |
- sprinter to observe the movemanﬁ'éf bringing the éi&pﬁgaré
tageﬁher‘ The apparatus was sev up in the same 16@5@1@3 |

' for every test, and the starter assumed the aame pas1tianv

eaoh_time. S ——_—

instructions for starting. After opening the olap-

" board, the starter would oall the subjeet to his mark, As
soon as 1t beoame apparent that the aprinter wss in posi-
tion, as evidenced by the lighting of the bulb at the end

-of the starting block, the commend ‘get set! was‘given.

In accordance with preliminary instructions, the eubjeot
would immediately ralse hig hips in a oomfortable starting
stance and walt for the sound of the olapboard. On hear-

~ing the signal, he started as quickly as possible and
sp?iﬁﬁéﬁ7tb a_ayat:égpréiimaﬁsly_zﬁ yards down the traok. -

i% §#§ f§qnd nagoessary to 1na%rﬁat thg;aubieat’ta7raﬁithis

»adﬁitiéné; diatahae to aveld the poesibillty that,he'migh%
merely i;f% his rear foot from the block and atepythe
eﬁr@gaaqage withaut agtually leaving the blocks in a
definite start.

 The holding interval. To prevent the sprinter from.
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starter and feaaﬁing‘fo a‘hgléing interval rsather than the
starting signal, a random érae?rof holding quaperie&s
was used. The writer had previously teuted several of the
traok squad using intervals of 1.0, 2.0, and 3.0 seconds,
It was oonoluded from data collected in this axgsrlment

that there was no difference between intervals of 2.0 and

576—$e6én&s;4but—th&t‘thsrewwaaWaﬂsignifteaat—&ifferaaéa

batweea 1.0 seconds snd the other two holding periods.
Btatlstiocally the difference was'indiaatsd by a ar&tiaai
ratio of 4.6. This %' value ia signifiocant at tharlvper
gent level.B : |
As this difference migh% possibly have modified

the euteomé of the experiment,git was thought best to
oliminate the 1.0 seeend_intsréal and usze holding periods
of 1.5, 2.0, and 2.6 seconds.

| The acouracy of the hol&ing perdods was'guarantesa
by the starter's ude of & 10th. seoond timer with a
sweep hand., This geemed more agourate than the methed ef
having the starter count to himself before bringing the
olapboard together in the starting signal.

- 8 4. P, guilford, Fundamental Statistics in
Paychology and Eduoation, p. 1o0. According to cGuilford,
& very significant difterence is one that ocours by
. shanoe leas than once in-one hundred timea. The
.epritical ratio is the relationship of the differsence to
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Galibration of the apparatus. The apparatus wes

R e e -

¢alibrated with a telechron timer at the University of

California Physical E@uaaﬁicn Research Laboratory before
the exporiments begsn. The calibration certified the
scouracy of the testing unit. To see that this acourady
was not altered signifiocantly during the course of the

ex§a9¢ment1—£euw;mawa~aa&ibﬁa%&ang,weachuawwsskmapaxt,

wers vun by cheoking the apparatus with & stopwatoh which
had been overhauled by’a watchmaker and pronounced in
good running order. Thies stopwatch was uged soialy in
the experiment, 'The difference between the chronoscope
and the stopwatoh remslned constant during the eourse of
the experiment and averaged less than .70 per eent whioh
would have no appraezéble effeot on the atatigtical data.
1t was aldgo found necessary to determine the |
impulse frequenoy of the looal powsr source since the
asocuracy of the chronoscope is determined by the oseilla-
tion variation, and the frequency had been cut to fifty-
nine and,bna~ha1f oyoles during the previous power
shortege. This ocalibration was done by comparing an
sleatric office olook with a mecshanical stopwatoh before
and after each test. At no time during the ocourse of
the experiment wag the lmpulae frequenocy less than sixty

syoles,.
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control experimental conditions, the apparatus was set up
at exactly the same loocation for each test. All contaots
and terminals were kept olean ana checked after each test-
ing desy. A traock manager was assigned the-tagk'af using &
bioyele pump-té>éiow @ut'Ehe;elaetriaal starting blook
after each individual start. This kept the dirt from

1éﬁging—&ga&aatw%h@—eanﬁagtwpe&n%afan&wﬁaterferingﬂwith
the operation of the unit. |



GHAPTER V
BXSGU&&E@N OF DATA

Data were collected from 34 members ef an experi-
~mantal test sqnaa after they had gone thraugh a perlod of
_ traiaing to controel the faostor af learning, The total

uumher—a%—&%ar#s—far-%he entire- group waa 43080, of which

'2 ,040 were tested atter the esubject had taken & 3.5 grain
~oapsule of caffelne alkalold. The remainder of the atarts
ﬁeré taken after the subjeot had taken a ocontrol capaule
of saﬁium“ﬁiaar%enate¢_ A sunmary of the data is shown
in Tablés I, IX, and IIX. | |

An examination of Table I revealstthaﬁ 18 of the
B4 individuale started faster with caffeine than without.
Fourteen startéé fagter when the placebo was administered,
5anﬁ there was no ﬁiff&renaa in the starting simas of Ytwo
'ﬁubgeqts.
_Y in aemparing the mean caffeine timea with the mean
~p1aésba times (Tables I and II), we £And that caffeiua
gave an advantagéféf .5 as ekpreaéad in 1/120 second when
the grouﬁvaveragéiﬁaa Qensiderea._ Thig figure is expreése&
as 005 when eenvsrted to seconds, |

If this advanzagé of 0056 aacenﬁ were & significant

or true &1fferenea, 1t would atill ne% be large enough to in-
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A COMPARISON OF THE STARTING TIMES OF SPRINTERS
TBOTH WITH AND WITHOU? CAFFEINE a

(Time as'expressed 1n 1/12@ aaa;}

.?aub;

Beading for 60 Starts

Gaffains Plaueba
R ”
2163

BEEE

2274

Mean’ shranaaaapa Raading o

DALES

55 9

= ot Bt ot od e d §d b '
B R h i b E b oo wnas cor]

2032

2563
2063
2197
2808
2276
2208
2293

2207

2457
2163
2471
- 2320
2487
2289
2840
2671
2510

2874

2370
2677
2470

- 2140
2448
2623
1930
2238
8207

2266

2151

2205
2200

2118
2453
2080
2004

26842

2446
2819
2193

2291

2428
2158
2482
2343
2440
2327
2318
2443
2310
2826
2460

26574
2648

2280

/2688
- 1869

2167

2318
- B385

2477
2486

2343

39.6
54,5
36,6
47.0
57.9
39,5
58.2
5610
41.0
36.1
41,2
38.7
41.2
38.2
39.1
59.8
38.5
58.5
59.8
48.9

41,2
35,7

40.8
43.8
32.2
3%.2
36.9
av.8
35,9
39,3

33.8

7.9
35,8

40,6
34.8
34,9

44.2
40,9
- 36.9

36,6

- 38.1

40.56
55.9

40.6
39,2

40.7
36.8
38,6

40.8

38,5
38.8
42.9
42.5
38,0
40,2
44.9
31.1
6.8
38.6
39.9
41,3

Gaffsine Placebo Biff.
8.0

.- ‘

.36, ?f
— e ET

L 2.89

e

.
4,00

“ﬁfﬁﬁ“___““m“f“

1.00
.08

7.84
‘9.@0

1.44
26
04
o 356
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TABLE 11 - 5

SUMMARY OF THE MEAN ﬁ?&RTIN@ TIME OF THIRTY.FOUR TRACK ﬁEN
‘ QITH &Nﬁ WITHOUT CAFPFEINE

(whg bzma is in seaanﬁ&)
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- estimate of one second covering ten yards in a sprint, we
fﬁiljcan assume that .005 of a seoond would only give an advan-
‘tage of 1.8 inches in a atart. |
o In comparing the starting times of eprinters with
and without caffeine (i§b1§ z);vwe observe that eer#ain
individuals were more gd@éegt&bl& than others to the

eﬁteaz—af_aaﬁﬁexnaé&n~$h&s+@ar%1au1arwéxper&mea%alwa%uéya'

. One individual (No. ﬁﬁlyhaa'a mean:advgnﬁage of 6.4 with
- saffeine~influsnced gtarts.,\ﬁh&ngéd ﬁaksssends, we'éea
éhaevhe started .045 of a second faster with the oaffeine
. dose. Using the same standard of one éeaand~ta.ten~yard9,w —_—
. we find that this would give an advantage of 1 foot 4.2
inshes, which oould definitely pru#e & determining faotor
in a race. On further examinatlion of Table I, we find
only one subject (No. 7) who would;prabahly be anvérsely
affeoted by caffeine in a manner whiah would pegalize his
 start. Although 14 subjeots atarted slewer’with.éafreine,
. - only one or two of these would presumably be at a dised-
 vantage when given caffeine befove the starts. On the
other hand, of the 18 whose starting time was shortened
by the_aaminiaﬁratian of ‘ecaffelne, atlleast 10 would
recelive an advantgge in starting time which might possibly
modify the reault in 2 short dash. The value of these.

hypaﬁhetical advantagee is éabatabia ag this axperiment
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off his bloocks only, and has not babamg;&nvalve& with such
variables as velocity and mumanﬂum.anée the‘eprinﬁer hasg
‘_braken from the starting block. Conoeivably, a sprinter
could be off his blocks firat, but lose this initial ad-
vantege to a starter who left later but with better body

balance and drive in the firet few steps.

Thesignificance-of -the mean-difference in starting
times is found in Table III. Referring to this table, we
£ind the ratioc of the obtained difference (.49) to the
standard error of the difference (.288), This ratio is

the obtained 't! value and equals .49/.283 or 1.75. Look--
ing at Guilfordts D Table?, we find the value of '&' =
- required for the number of degrees of freedom that our
date provides. In this casge, Nel is equal to 33 degrees
of freedom. This number is not indicated in the table,
but we see that 36 degrees is the closest to bur'f;gure;

- For this-ﬁamber, we find th&ﬂ:tha differenaa would have
to be 2.03 times ite standard error to be significant at
the 5 per éent level of confidence, and a.votﬁimeg its
standsrd error to be consldered very significant at the

1 per cent level. If the oritical ratlo had been at
1east,2;$3, we could have said that there are less than

6 oh@neas‘im 100 that 1t was due to random sampling.
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it ;t‘ha@fbaéh-zgﬁa,iwﬁ-caula:tigure«ﬁhatsﬁhﬁra 1s one
_ohanoe in-100 that the difference 1s not a true ons. Our
oritioal ratio of 1.73 1s below the 5 per cent level of

‘confidence and we oannot therefore sonsider the difference

between naffelne starts and no caffeine stavts afaignifin

aantvane@ Thersupon; we would not éxpé@t;te»finaagha

spme_Q1ffevence in another £est, A Pe~test would-be -

.,naaeagéryvta see 1f the same individuals are senaitive to
caffeine, but 1t seems certain that their wide divergence

from the norm was due to chanoce 1&_%he;firaﬁfﬁesn;f

In view of the findings of Hellingsworthl® in
whioh he reported false pesctions due téﬁthé_aﬁimulanian
af.gafféiné,‘a cheok was kept on th@wnﬁmbar,ef bresks
 made by each 1ndividusl &uwang thé axy¢r&g$n§'(wab&eyivi.
K@éulté in&iaateﬁﬂthatfr&lﬁafst§£%a asaur&ea no usore often
after theut&king @flaafféiﬁe than the pladebo. Certain
inﬁiviéuals broke tWG or three times'duf&ﬁg-a laharatary
tast&ng perina, but no more afﬁen on oaffeine daye than

- no caffeine days. No definiﬁe pattern of ralae starts was

oboerved, ﬁha natter geeming to aepend upon tha mantal got

of zh@ indivi&ual rathar than the éaae taken. In all, the

nunber of breaks was amali;,zndiaating:thaﬁ the sprinters

ﬁare listening for the atimﬂlﬁa rather than tryaﬁg:to éut— ,
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guess the gtarter and deteymine his rhythm, |

TABLE IIT

SUMMARY OF STATISTIOS IN COMPARISON OF STARTING TTMES

WLTH AND WITHOUT GAPFEINE

|
&
®
[ 4
o
Tea
D
§8
o

£d, | e
My - .49
M2y - -7
a2, | 97.69
ma? | RS
s R 285

% ol o 1‘7§,('*99/‘235)'
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TABLE IV

NUMBER OF BREAKS MADE BY BUBJECTS
ON CAFFEINK AND PLACEBO TEST DAYS

Fﬁub,j ect Caffeine  Placebol|| Bubject Caffeine Place!j
Number Bresks Breaks| Number Breaks Bresks
1 8 4 18 0 0
2 8 10 19 0 0
3 1 1 20 0 1
4 3 2 21 1 2
5 0 0 22 1 0 ‘
6 2 1 23 1 0 =
7 0 0 24 2 1 [ ;
8 2 1 25 0 1
e 6 7 26 0 1
10 0 2 an 1 1
11 0 1 28 0 3
12 4 6 29 0 2 ?
13 0 2 30 0 -0
14 5 3 31 1 0
16 0 0 32 B 0
16 0 0 33 ¢ 1
17 1 0 34 1 1
TOTAL B3 54




- CHARPTER VI
SUMMARY

Thirty-four high gohool tradk boys were tested in
an experiment to determine 1f caffeine per se would modify

starting time, The squad was tested with oaffeine alka-

loid and sodium blcarbonate plasebos on alternate days.

Ten testing periods, each oonsigting of twelve starts,

were glven all subjeots, ' Caffeine was given in fiVa of

the 1abargtory @erinas,'aﬁa-a aantral capsulafwas uged in

the other five., The results of the starts, with and S

w&thcut caffeine, were tahulated and compayed to see 1:
8 gignifioant difference exiatea batween the two. A
check was aleo Lept on all false starts to observe if any
of the breaks were caffelihe-induced. |




CHAPTER VII
CONCLUSIONS

1. A comparison of-the gtarting times of thirty-four
individuale engaging In & total of 4,080 starts
indicated a slightly faster starting reasction when

5.6 graing of oaffeine alkaloid was administered

one. hour and forty minutes before the test. This
advantage wag not significant statistically and

was?probabiy due to random sampling.

2. The amount qf,caffeine given did ﬁnﬁ cause the
preliminary briskness, manlfest by false reactions,
which was reported in other studies. Breaks were
no more comuon on caffeine days than others.

3. The reactlon of some subjects in thies test suggests
the possibllity that a certaln type of individual
may be hyper-sgensitive to caffeine. IMurther

research would seem to be indicated.
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s - TABLE ¥V
- LETTER oF PEEMIS%ﬁQN FROM R&ﬁ&ﬂ?ﬁ Q& EE&T GROUR
Department of Physical Hducation
gante (ruz High School
‘Santa Cruz, (alifornia
. _ February 10, 1048
Dear Parent: f |
In the near fuiure, I am p&anning to test a seleatea
oup of track boys as the bagis for a Master's Thesis.

The @urpase of the test will be to see if track starts ave
influenced by the adminlstration of caffeilne. Permission
- Tor this test has been given by medical autharity sonneoted
-~ with Santa ﬁruz High School.

I have asked your son to partioipate in this experi-
ment, If it meets with your approval, he will be tested on
10 different days, both with and without ocaffeine. The

~dose of caffeine used will approximate the amount in a
strong oup of coffec and only one dose will be given on the
day of a t&at¢

If you have no objeotion to your son taking part in
this test, will you please aign the attached form and
roturn 1t to me? It will add greatly to the signifioance
of this research 1f you will aid your son in abstaining
frog saffelnated beverages ﬁurin? the courase of the experi-
ment.

Sinoerely,

R@gar Baer
Track Coach
Santa (ruz High ﬂaheal

‘Bég_x* Mr. Basr:

: hag ny parmissian to take
ygpart in your. tesv of Lrack stares. I will cooperate in '
gesing that he does not drink caffeinated beverages (ooffee,
Fan. Snong. onlad duving tha ten dava soverihs tha feating
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| TABLE o ‘
© pLEDGE mﬂm SIGNED BY mxam:c;mms IN OAPFEINE TEST

1 am aeting aa 4 volunteer in the test on trask
starts. In order to insure accsurasy of results and
- control of conditions, I promise to abide by the fallew

ing—roguisbiong—for—the-duration of the tasu. .

1. I will drink no ¢affeinated beverages (coffee, |
e tga, ooooa, oola) while the tests are baing '

2. T will not eat during the 1ntervalkbetween wy

rugular noan meal and %ha tine ﬁha tast ig
@iven, o | U

3. % will report to the lecture room promptly at
%:?2 g.m. on aa@h day T am ascheduled to be
este , T

4. If I am unable to appear for ny test, I will
- notify Mr. Baer by phone or meassenger before
10300 s.n. of the teat day.
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TABLE VII

DAILY QHRQHGEGGPE TOTALS FOR ST&%@K&G TIHES
- WITH CAFFRINE AND WITH A PLACEBO

(Bach figure represents the total ehmnaaaepe
z*aadﬁ.ng in 1/120 seeané ‘ems.ﬁs)

"¢3§A
428

471 437
5’?‘? T 4‘4’\«‘

TN .‘6 ,

: 406 2566
4@8~—7561 --—-39L. . 414

s as ue o

453” 433=““155§ ‘1“26$
478 453 | 4B6 474
466 412 454 482
453 451 %3& 56@

e : - ot e ‘j-; ;: choa 4.’& e | . p o . ;
4356 430 496 480 456 4rv A78 480
481 437 482 485 457 462 471 483 |
kA0 B0 § 0 AN

“ (o. W 9. .. ‘» ﬁg. ﬁ ot ﬁﬂa 7_ .
486 4es || ﬁg B0 ”5@57?"_4§i“' A8L |
460 481 475 445 479 439 444 470
448 489 482 429 || 485 467 429 438 |
473 408 433 474 480 504 465 453 ;
LAB2 434 || 44 444 || 468 473 || _48) 468 ]




| TABLE VII (a,ominu@@?; |

;4{58 489 | 443 - 498 641 - B18 || 462 491 1
461 464 419 483 47 480 | BO4 491 |
484 448 | 498 - BlE @%2 : fggg- , g;g 557« .

# Lach figure in column is total df'lﬁ astarte
&% the total of the column is sum of five
testing perioda (6(3 starts)
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