
THE EFFECl'S CF AUOITORY SUlLI"'1W.. STI" ..... 

.. snEtent ,... RELATI ft END"':, 

OF 'tw.E ATHLETES 

by 

Charla s ..... , 
4i 

caep.rtlleftt of Physlcal Educ.atloa 

MeCI" .... Iv.rslty. Montréll 

August, 198) 

A Thesls s..a.ltt" to 

.' 

, ~I 

The Faculty of C ....... Stull ....... leseerch 
ln 'ertl.I fvlfttl ... t of ,thé .... ul~t. 

for the Deg .... of .... t.r of Art. (lducetlon) 

Ci) c ..... 1. r., 

, 

. 
1 
~ 
. , 

, r 



'-. 
dtl Jt~ •• 

, " 

--- ---------..------:--- , , 

., . 

) 
SUJt.1:IIIJML SNMilDl '. '1."." 

• 

/ 



~!\fjI_MI"tt""lJiillllilM$i ___ IIIi!III!!I!IIIJ4tl11.I!!I'I." •• Uilllllll_~ziJ _______ • ~ ___ -,---. ____ _ _. , 
" 

c 

( 

The .ffects of audltory subllt"inal st imulot Ion on ...teular 

per'ormance was exarnlned uslng 0 double-bl Incl procedure. sGvon-

teen Engllsh-speaklng, rlght-hand dominant male oth letes with no 

.... rln9 t~pai~nts wer~ assigned in countel'balaneed order to 

.. ch of three expertmenta 1 condit tons: A poslt Ive and negat Ive 

treatment condition in whlch the subject recelved a subliminal mes-

sage ln an attempt to improve or l'educe perfonnanee respect ively. 

and a control condition ln which no Subliminal suggestion was 

rssued. Each subject'5 speech detect ion threshold. minus five 

decibels. was calculated and used as the intenslly levettor the 

audltory sub1lmi nal message. Inl t la 1 and t reatment stl'ength scores 

wer. obtalned From an i somet de maximum voluntary contraet ion ("lit) 

of the elbow flexors. A relativb tsometr'ie muscular endurance 

(RIME) 'score was calculated as the 1en9th of tlme the subj~ct could 

malnta ln a load equiva lent to 3ax, of his M\Ie. A l'epeated measures 

an.lysis through multivariate procedures revealed no sÎgnificant 

differences (e >. OS) in MVC and RIME scores across the three COn-

d ft Ions. The results were interpreted as evldenee that subI imlna 1 

audio-conditioning Îs not an effective moans of altering isometric 

5trength and endurance performance of the elbow flexors. 
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Cette étude a été menée dans le tut de détera1.ner l'ertet 

d • un stilllUlant subliminal audl t 1 r sur la. force et l' endurance IIUS-

culaJ..re isométrique. Dix-sept a.thlètes ul.es sa.ns trouble auditif 

ont lité scumls :pu' ordre contre- œ..1..arlco à. chacune des troIs condition. 

ex:périllenta.1es suivantes: des Jae8~es $uhU:dnt\ux positifs et néga-

tifs cherchant à améllorer ou à redu!.:r" leurs ,rendements, et une con-

111. 

di tian de contrôle sans ,e&~e 3ubll::lina1. !..t lntcns~ té du stimulant " 

sublliinal fut établi pour chAque aujet en soustrayan+'. cinq décibels 

de lion seuil de reconnaissance auditif. Les lIeRUreS de force 1n1 tiale 

et de tra.1teaent t'urent obtenues à. pu:t1r de contraction volontaire bo­

.étrique lI&X11!Iale (CYM) des néchisseurs du coude. Une lIIesure d'endur-

anee llu8Cula1re isométrique rela.t1ve (EMIR) fut calculée comae étant 

1& période où le sujet pouvait ma1ntenir une reslstance equi va.lente à. 

G}aC de son C'lM. Une ana..lyse de conditions-répétées à travers des pro-

cédu:res IIlUltiva.r1.ées n' a. rivélé aucune différence signif1catl ve (~> .05) 

entre les conditions expérinlentales pour les lIesures de CVM et FltIH. Les 

résultats furent interprétés cOlUIe une indication que le condi tioMement 

par .essage subll.m.lnal aud1tif n'est pas une méthode e:f'flcace ,,pour In­

fiueneer la pert"ormance de foree et d'endurance iSOlllétrtque des fiéeh-

lsaeurs du coude. 
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\. CHAPTER 

, INTROO~ION 

• One "of the most widely accepted princip,les of human behavior is 

that a motivated condition is essential not only for learning. but 

also for effect ive performance in motor ski Ils. Numerous 'mot ivat ing 

". techniques have been applied in both e~perimental and practic~1 settings 

and emp i ri ca 1 ev idence has cl earJ'y demonst rated th,:lt verba 1 êncourage-

'" ment is one technique which has ~en extensively employed to improve' 

performance (Cerdes, 1958; Nelson, 1962; Strong, '1963). More speci-

fically, this techniq'ue has been found to be a significant factor in 
o ' 

, increasi,.ng strength and endurance scores in physical fitness testing 

(Barber, 1966; Kroll, 197,0). It is for this reason that educators in 

general, and physical educators and coaches in partièular, devote con-
\ 

~ 

siderable effort toward~, l'1'IÇt ivating studénts and athlet~s using verbal 
~ .... 

encou ragement. . ' 
( , 

1. l ,Scope of the Study 
cr 

Tl:le phenomena of subI imina 1, percept'i on "Gont i nues to be a wi de~y 

r,esea rched and cont' rove rs i a 1 top ici n psycho 10gy. The content i 0'1 t hat 
, p 

stimuli below the threshold of awarëness can be retrieved without 

having consciously identified their meaning Ï'S/central to.signal 
J r, 
, , 

de~ectabi Ji ty t'heory. Reviews of 1 i terature by D~on (1971) and 

" l' Sflvennan (1976). pr@>ent a substant ia 1 amount of research ev idence 
f , 

which fi nnly supports the view' that re"gist rat ion of perceptua 1 st imu-

lation beyond conscious awarencss does occur. 
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One of the problems that characterizes research in thi s aru is 

that the leml subI imina 1 percept ion may be a misriomer because it impl ies 

that there are absolute thresholds that determine whether or not a 

stimuli will be registered. However, such a position is in eontradic· 

tion with current opinions about the processing of pereeptual inputs 

(Oixon, 1971; AureIl, 1979). Pro.ponen,ts of si gnal detect ion theory 

suggest that the relation between intensity of stimulation and regis· 

tration within awareness oecurs in a probabilistic manner as opposed to 

all br none mode. This explanation of stimuli reception has been termed 

multistatc scnsory and dccision systems (Green. 1964; Green & Swets, 

1966; Massaro. 1975). In addit ion, Erderly (1974) sU9gested that: 

The proceedings •.. which suggested that the 
perception of external events: attitudes. 
values, expectencies, needs, and psycho­
dynamic defenses aIl impinge upon percep­
t ion. (p. 1) 

It is for this reason, therefure, that many investigators are now 

applying signal detection analysis to demonstrate when registration of 

a subliminal stimulus occurs which is unaffected by biases such as 

t hresho Id and response cri terion (Wi nn i ck. Luri a & Zukor, 1967; 

,Thiemlan. 1967; Weintraub & Fidel!, 1979). 

The credibi lit y of many psychological theories hi.nge to same 

extent upon the degree to which it is biologically tenable. Evidence 

for the basis of perception without awareness has been dcmonstrated in 

three 1ines of research. First. investigators have demonstrated that 

a stimulus of which the subject is unaware, because of anaesthetic or 
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surgÎcal blocking. can nevertheless produce an effect on the ne~s 

system (Fuster, 1958; Libet. Alberts, Wright" Felnstein, 19(7). Secondly, 

the detection by EEG of the brain's average evoked response (AER). to a 

subliminal stimulus has been a4airect means of measurement of unconscious 

mental and cognitive p~cesses (Shevrin & Smith, 1971; Sachein. Park~ 

& Rubin, 1977). A third 9~uP of experiments are those involving slcep 

studies which have shown that sleeping subjects can make complex dis-

criminations among repetitive emotionally important auditory stimuli 

(Osward, Taylor & Trecsman, 1960; Berger, 1965, Lasagna & Lasagna, 1973). 
o 

Once the intital controversy as to the existence of subliminal 

perception had becn demonstrated. more research was directed towards 

determining ilS behavioral effects. This view was noted in a statement 

by Bevan (1964): 

That the tOQic has come of age is indicated by 
several facts. Experiments are no longer 
simply directed toward establishlng subliminal 
perception aS an empirical phenomenon but in­
cline more toward examining its influence upon 
a varicty of behavioral events. (p. 84) 

... 

ln terms of behavior modification, perhaps the most signjficant 

of the demonstrable effects of subliminal stimulation involves Helson's 

(1958) adaption level theory. This theory hypothesizes that the 

organism acts as a system that pools ail sensory inputs that serve as 

internaI norms or standards which become reference values for subsequent 

judgments. Hany studies have shown subliminal stimulation to be effective 

in influencing anchor jud91lCnts in the areas of size judgnents (Boardman 

& Goldstone~ 1962; Kennett, 1962; Fame, 1963); tone judgments (Bevan & 

1 

l' 
i 

1 
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Prtt~hardt 1963); intensityof shoçk ('1ack' levan, 1960); body 

boundary (Fi sher, 1975; 1976); and Jud9ft8"ts with regard to IImOUnt 

of hunger (Byrne. 1969; Spence' Ehrenber9, 1964). However, 

simi lar studies have repor~~ nonsrgnificant results with regard to 

value-nerm-anchor judgme~ts (Champion & Turner, 1959: Chun , Sarbin. 

1968; "urch. 1968; Hovsepian & Quatman, 1978). 

Recent studies investigating the potential influence of sublimi-

nal effects on modification of behavior have been equivocal. For example, 

investigations of the effects of subliminal messages on the modifica-

tion of attitudes toward a1coholism (Hart, 1973) and for the treat-

ment of obcsity (Becker, 1976; Silverman, Hartin, Ungaro & Mendelsohn, 

1978) have supported the hypothesis that subliminal stimulation can 

affe,c.t attitudes and hence alter behavior. HO'«ever. no support' was 

found for these claims in terms of altering cigarette smoking behavior 

(Glover, 1979) or affecting consumer buying power (George.&, Jennings" 

1975) • 

Silvenman (1976) has reviewed numerous clinical experiments that 

were perfonnèd in the last twc decades dealing with the effects' of sub-

liminal stimulation on psychopathic behavior. These experiments in-
'. 

volved presenting psychopathic subjects with a specifie pictorial andl , , 

or verbal wish-related stimulus at a subliminal ~evel and comparing its 

effects with those of subliminal stimuli having neutral or different 

psychodynamic content. Many investigators supported the contention 

that subliminal stimulation can alter behavlor and may be 'of therapeu-

tic value (Lee & Typer, 1980). 
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Several studies Nve luggested that th ...... tanee of sub) .... 1 na 1 
, , 

effects was related to both sltu.tlon.I ~or tndlvldu.l, dlfference 

factors. For example. subliminal effects are more likely to be found 

when subjects are ln a state of relaxed passtvity (Fisher & Paul. 

1959; Fiss, 1966; Key, 1973); attention is unsetectlve or b~ened . 
("urch. 1969); and, cognitions are intuitive, gJ.obat, symbolic and f~ 

of logieal constraints (Gordon, 1967). 

The suggestion that emotion and motivation appear to play ~ sig-

ni ficant part in sob 1 imina 1 percept ion has been invest i gated extens ive ly 

in studies of perceptuat defence (Brown, 1961; Oixon. 1971). The basic 

assumption of this proposition is th~t recognition thresholds depend 

upon the emotional connotations and the ease or difficulty with which .. .. 
one is able to perceive a subliminal stimuli depends upon the meaning 

t. 

or persona1 significance of the stimuli (Ericksen. 1954). The inter-

action between the level of motivation of the subject and the emotional 

content and connotations of the subliminal stimu1us have been shown in 

vadous pa rad 1 gns and is known as the subcept ion effect (Lazarus & 

"cC leary. 1961). 

Onc~ the validity of subliminal perception was established as an 

empirical phen~non, the ethical consideration became the issue due to 

the fact that a person's behavior coutd he influenced without their con-

scious awareness. The commercial exploitation of the principle of 

subliminal perception has been clearty demonstrated (Key, 1973; 1976; 

,1980). Despite the reassurance that no one can he lIMICIe to do somethlng 

1 

-
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persona 11 y uneccept ab 1 e and t qt the sub 1 h.1 M 1 "'MU 1 us CAn on 1 y act 

as a reminder for an exi st ing dest re (lyme, 1959) J the canadlan Radio 

Televisi~ Commissi~ (CRTt) has amended hs regulation forbldding ,the 

use of "any advertising mate"rial that makes use of any subliminal 

devic~' (Key, 1976, p. 212). 

1.2 Significance of the Study 

The contention that a person's level of motivation can be 

• altered without his awareness through subliminal messages, should make 

evident the implications in physical education and sport psychology. 

For example, an athJetic facility could create an environment that 

would subliminally pronote a more positive psychologica1 atmosphere 

conducive fO,r athletic training and performance. As weIl, subliminal 

messages could be used in assisting the coach ln altering an athletets 
. 

level of arousal or, offer the general population the psychologica' 

impetus towards engaging ln phystcal actlvity. 

• Behavloral engineers, Becker and Romberg (Secret Votces, 1980) have 

c1aimed that they are providtng subliminal "pep talks" to the Hontreal 

"-Canadians a~d other professiona1 team~. They insist that subliminal .. \. 

audio-conditioning is especial1y useful in promoting optimal performance. 

However, the validity of such a statement Jacks scientific verification. 

Therefore, it is necessary to subject the,e contentions to sclentific 

experimentation. 

• 
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1. , $t.t......,t of the 'ryb1tm 

, Theoretical docUMntaUon has clearly demonstrated tMt supra-

liminal st imulat ion su ch .5 verbal encouragement c.1In IlIIprcwe per-

formanee and empirieal evidenee has suggested that registration of 

percept ua 1 stimulation beyond conscious awareness does OGcur. 

The refore • because there exl st sare lat ive dearth of 'iterature per­

taining to the effects of subliminal stimulation as a means of 

b~havior modification and, slnee a seareh of the literature has 

revealed no studies focusing on subliminal effects on physieal p~ .... 

fonnanee, it would seern that a study of thls nature is warranted. 

Thus, the general purpose of the study is to investigate the 

effect of auditory sub1iminal stimuli on the ability to perform" a 

physlcal task involving muscular strength and endurance. 

1.). 1 

1.).2 

The specifie hypotheses to be treated in the study are: 

There will be no signifieant differences in maximal volun-

ta.ry contraction (MVC) of the elbow flexors under pre and 

posttreatment conditions of positive, negative and no sub-

liminal messages. 

There will be no signifieant differences in relative isometric 

muscular endurance (RIME) scores of the elbow flexors unde .. 

conditions of positive. negative and no subliminal messages. 

7. 
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1~~ Rtf.n.tlons and Abbreviltions 

1.4.1 ",?SIma 1 Voluntarv ContractIon (Hvt): The mean of the sub­

ject's best two of three stettc muscular contractions of the 

elbow flexors of the dominant ann, recorded and measured in 

grams by the static muscular force apparatus. 

1.4.2 Relative Isometric Muscular Endurance (RIME): The length 

of time that a subject is able to apply a static contraation 

of the elbow flexors to a resistance equivalent to 30! 5% 

of his initial HVC. 

1.~.3 Speech Detection Threshold (SOT): The lowest hearing inten­

sity, exprcssed in decibels (db), at which the subject cor­

rectly dcteets 5Oflo of the spondee digits presented. 

1.4.4 Subliminal Stimuli: The auditory message that was played 

throughout the positive and negative subliminal stimuli con­

ditions at an intensity level equivalent to the subjeet 's 

predetermined SOT minus five db. 

1.5 Oelir ·tations and Limitations of the Studv 

Sinee the subjeets employed in the study were volunteer, physi­

cally act ive athletes who basically had an interest in physical per­

fonnance. infer~nces must be confined to the representative population. 

Further, the type and nature of the motor task used ln the study cannot 

be considered representat ive of ail motor tasks. 

8. 

1 



v 

Indlvldual differances such as language could posslbly effect 

the perception of the subliminal message, tharefore, only subjects 

whose mather tongue was English were used in this study to control 

for this possible extraneous variable. There also existed the possi-

bility that dlfferences in arousal level might have negated potential 

effects of the subliminal stimulus. However, it was assumed that there 

was a relatively even distribution of high and low aroused subjects 

in the sample. As weIl. the repeated measures design in which each sub· 

ject acted ~s his own control, served to r&duce the statistica' effect 

of potential artifacts. 
, 

S"eci fica) Iy, the 1 imit ing factors of the study may be noted 

as fol10\/5' 

1. 5. 1 Only male athletes of the Confédération Interalliée d'Officiers 

( de Reserve {CI OR) , ranging ln age (rom 18 to 2) years, were 

used as subjects in the study. 

l. S. 2 The words chosen for the campos i t ion of the subI Imi na 1 mes-

sage were selected (rom ratings by non experimental subjects 

as to the effect these wards might have on their level of 

arousal whi Je perfonning a motor task simi lar to tnat used in 

the study. 

1.6.3 The activity leyel. rest habits and daily patterns of the sub· 

jects were not rigidly controlled. However, al J subjects were 

asked to adhere to a 1ist of preexperimental instructions in 

an attempt to standardize procedures and minimize the potent ial 

influence of any extraneous variables. 



CHAPTER " 

RE VI EV Of THE li TE RATURE 

The purpose of thisstudy was to investigate the ~ffect of 

auditory subliminal stimuli on an athlete's abl1ity to perform a 

physical tas~ involving statie muscular strength and endurance. 

The literature relating to the present study has been reviewed under 

the following headings' (2.1) Subliminal Perception; and, (2.2) 

Beh~vioral Effects. 

2.1 Sublimin.d Percepti.2!1 

The assumpt ion t hat \-Je process lnfonnat ion wi thout being aware 

of il, is an acccpted fact (Aureil, 1979). However, the mechani5ms 

by which this subconscious perceptual processing takes place remains 

nothing 1l1Ore than controversial theoretical postulatcs. One of the 

oldest problems to engage the attention of those interested in the pos-

sibilities of peréeption without awareness, Is whether stiMUli too weak 
. , . 

or too brief to be C~ri~ciously perceived can affect the percept. 

Werner (1956) stated that: 

There is good reason to believe that responses deter­
mined ,by stimuli of which the recipient is unaware 
may shed light upon preconscious stages of the per­
ceptual process •..• to deny it has preconscious 
stages is to reduce perception to the 'evel of pho­
tography. (p.352) 

Kany of the earlier studies in subliminal perception employad 

various biofeedback apparatus to 'detennine whether or not a stimulus 

below the threshold of awareness could register at a preoonscious 

JO. 
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c 
stage. aallter (1938), for example, used .. pupllometer to investi9llte 

pupillary responses to a subthreshold auditory stimuli. After having 

dete""ined each subject's ~ = 16) awareness threshold to a tone of 

1000 H! using the dcscending method of limits technique, he then c~ 
-;1 

~red three pupillary responses to a subthreshold and suprathreshold 

audi~ory stimuli. The results indicated that pupiltary rcsponses 

could he consistcntly con~itioned with a subthreshold stimuli which 

could persist for as long as two years. As weIl, the responses con-

ditloned to supr-athreshold sounds were established with much greater 

difficulty and were lcss stable. Data supporting thcse findings have 

been addcd by Metzncr & Baker (1939). A fai lure to repl icate 8aker's 

resu 1 t s. howcve r. has becn report cd by Wede 11, Tay lor & Sko ln j'ck 

(1943) and Hilgard, Hil1er,& Ohlson (541). 

A study using an electromyograph (EHG) to detect motor responses 

to auditory stimuli abovc ilnd bclow thrcshold WolS rcported by Davis 

(1950). Recordings were made of the action potentials in several 

different muscle groups for 27 subjects in response to a tone of 

1000 HZ. The tone was presented below a previously determined threshold 

using the ascending method of limits. The results indicated that in-

creases in muscle tension occurred to stimulus intensities that the 

subject did not report hcaring. 

Wilcott (1953) investigated changes in galvanic skin resistance 

(GSR) of 10 subjects using four separate frequency intensities below 

the absolute threshold. The method of descending fimits was used to 

( 
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....... Ine the hrt.nsity 1.".1 for frequencies of 200. 2000 and 13,000 

HZ and a thennal noise. Iefore eeeh att...,t at subthreshold con-

12. 

dhioning, the subjec:t's GSR was conditioned to a sound of 20 deeibels 

(db) aboye the subthreshold level to be used for comparat iye p,urposes •. 

The results indicated no changes in GSR for any of the subjects at aIl 

frequencies. 

Empirical evidence supporting the notion that recognition of ~J 

visual stimul(i presented below the threshold of awareness using a '---., 
tachistoscope c~uld ,licit greater_GSR has ~en demonstrated by 

Newall & Sears (1933), Baker (1931), HcGinnes (1949~ and Lazarus & 

KcCleary (1951). HcGinnes (1949) a150 found that subjects reacted 

with a skin rcsistance of significantly greater magnitude during 

the prerecogniti9n presentation of emotionally toned wards than they 

dtd befor. recognizing neutra1 wards. Based on these results, he 

suggested that the subconsciou5 not only could detect stimuli too 

faint to be perceived but that it also had the ability to discrimi-

nate without awareness. 

One theoretlcal concept to explain the phenomenon of discrimi-

nation without awareness was postulated by Lazarus & HcCleary (1951). 

The flndings of their investigation indicatad that shock con-

diti'oned nonsense syllables could evoke 5ignificant GSRs ev~n when 

presented too briefly for conscious recognition. 
, 

They- te~ this 

effect "subceptiorr' which they defined as; lia process by which sorne ' 

kind of discrimination is made when the subject is unable to make 

a correct conscious dhcrimination." (p. Il)). 

, 
.\ 
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The subcept ion effect hal been d~ltr.ted ln a "umber of 

. 
eJeperiMental Invest igations wh~ch h4we shawn that ski" Aslnance 

could be evoked at exposure times below th~ verbal recognition thres-

hold (Taylor, 1953; lowenfeld, Rubenfeld & Guthrie, 1956; Oixon, 1958; 

Wall & Guthrie, 1949; Oixon &. Harder, 1961; Worthington, 1961; Block 

& Reiser, 1962). Failure to replicate such finding5 has been repor-

ted by 8ricker & Chapanis (1953); Hurdock (1954); Voor (195f) :and 

~ylor & lawshc (1958)'q 
\ 

This hypothesis has been the object of considerable dispute as 
1 

alternative explanations of the empirical findings not dependent on , 

the unconscious had been postulated. Howes (1954) presented an 

accou~t of t-lle subcept ion effect ba~d upon arstat i st i ca 1 mode 1 of 

discrimination. Studies by Ericksen (1956~and Dulaney & Ericksen 

(1959) revealed that this effect .ould be fonnulated as a part laI 
. 

correlation between the GSR and the stimulus. More recently, Chun & 

Sarbin (1968a, 1968b) have suggested that the subception effect can be 

ac:c:ounted for by methodologic:al flaws whic:h would pennit verbal res-

ponse affects to influence the GSR. 

To counter this later argument OIGrady (1977) subl1minal1y sti­

mulated 24 subjects with neutrel and emotionally charged pictures at 

three tachistoscope exposure levels and instructed the subjects not 

to respond verbally. The results of this study supported the subcep-

tion hypothesis as GSR measures for the emotionally charged stimuli 

.were significantly larger than the neutral stimuli for a11 exposure 

t imes. 

13. 
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The content Ion t~t reco.gnlt Jon thresholds depend upon the 

tIIOtional cOnnotation of a sthttull was termed perceptual defenee by 

Postman & Bruner (948) to account fer variat ions ln the recogn i t ion 
'" 

thresho Ids for tach i stoscop 1 ca l1y presented words. 'late r, when stud i es 

by Blum (1954 & 1955) indicated that the perception of a stimuli may 

not only bc'inhibited as a function of the input's emotionality but 

also enhanced, the term pe rcept ua 1 vigilance was introduced to 

explain the latter phenomenon. A basic assumption underlying the 

theory of defence concerns the ability of the human organism to detect 

the presence of anxiety-arousing stimuli at an unconscious level of 

awareness (Erickscn, 1954). 

Klei nrnéln (1957) invest i gated whether perceptua 1 defence aga i nst 

anxiety evoking verbal stimuli was observable in auditory per~eptual , , , 

thresholds. Subjects <.u: 22) were cf"andomly presented two 1 i ~ts of 

words, one critical and the other neutral, at nlne db beJow their pre-

vious 1 Y determi ned speech recept ion thresho Id. The thre'shold for each 

sti,mulus word was determined by the ascending method of llmits 

where th~ ntensity was Increased by three db Increments. The rtfsults, 

which were found to be consistent with the perceptual defenc:'e theory •• 

indicated a significant difference between the threshold for the 

cri t i ea 1 and neut ra 1 words. 

Studies using tactlistoscopic presentation of,subliminal emotional U 

6 

stlmul i have reported simi '.;tr hesul,ts (Hatthews " Werth~imer, 1958; " 

"inard, 1965; Bootzin & Natsoulas, 1965). Neverthehss, the crit,iclsms 
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of the perceptual defence experÎments have been numerous and direc-

ted at both methodology (Ericksen, 1954; MaConnel, C~tJer &. HcNe~, 

1958; Klein, 1959) and interpretation (lusack, 1954; Putsellt 1957). 

Goldstein (1962), using a stimuli absent experimental group, 

showed that a re?ponse bias against calling anxiety-arousing words is 

quite sufficient ..t,o produce a significant perceptual defence effect, 

even when no verbi'l1 st'imul i were being presented. Other ~periments 

which have yielded no evidence for perceptual defence that could not 

be explained in tenns of a response bias, include Goldia~ond & Hawkins 

'(1958), Macintosh (1~61), Zazonc (1962), and Goldstein ct al. (1962). 

ln order to el iminate the respbnse bias in experiments 

measuring signal dctcclion performance, Swets (1964) proposed the use 
"1 

of the signal dctection theory. The main advantage of this theory 

is that it provides information on two parameters of the subjectls 

behavior for detecting a stimuli: A pure measure of sensory sensitivity 

and a measure of the subject bias or criterion for making a particular 

response (Tanner & Swets, 1954; Swets. Tanner & Bi rdsal1, 1961; 

Green & Swets, 19(>6). 

Two experiments by Hardy and Le9ge (1968) that have appl ied the 

1 

principles of signal detection to the p'roblem of perceptual de(ence are 

of particular relevance. In the fir"st, visual awareness thresholds 

for-'either a neutra) word or rectangle were measured for 16 subjects 

during ~oncurrent subliminal auditory stimulation with emotional and 

neutral' words. In the second experiment", the converse paradign was 

" , 
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used,in that the same subject had to detect the presence of a 

faint neutral auditory stimulus whi1e watching a translucent sereen 

upon which cmotional or neutral words were projected for three second 

intervals at subliminal intensities. The results for both experi-

ments indicated that visual and auuitory thresholds for neutral stimuli 

wcre significant Iy raised by the subliminally presented stimuli 

in the other lTlodality. Furthermore, having measured perfonnance using 

the parametcrs of the signal detection theory they were able to show 

that the changes in thrcshold were genuinely sensory in origin and " 

not attribulable to a bidS in the dccision process. 

Simi lar rcsults have been obtai ncd by Wi II iams (1980) who dCJllo"-

stratcd that nonclllotionc:Jl words arc not responded ta as quickly.f 

nor as accurately as emotional words. ln addition, Srivastava and 

O\<Jivedi (1980) found sig'ilficdntly highcr perceptual defence behavior 

for subliminal auditory display of taboo words t,han the visual display. 

Further evidence for perceptual defence uncontaminated by response bias 

has becn delllonstrated by Broadbent & Gregory (1967) and Dorfman (196]). 

Another linc of rescarch which supported the perceptual defence 

theory were thasc examining changes in alpha rhythm thresholds, for 

recognition of emotional and neutral subliminal words, as measured by 

" 
an electroencephalogram (EEG) (Oixon & Lear, 1963, 1964; Barrctt & 

Herd, 1964; Dixon, 1966; Emrich & Heinemann, 1966). The r-esults From 

these studies demonstrated that awarcness thresho1ds tiona11-Jords 

were significantly lcss than the neutral words. 

the·subjects did lJot overt1y .. espond to the stimuli, these results I-Iere 

strictly sensory in origine 

16. 
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ln an experiment conducted by Di xon (1956), subjects were asked 

to writLe down the fi rst ward that comes to mi nd everyt ime they 

receiyed a supra! iminal visual signal which was preceded by a 

subliminal auditory presentation of emotional and neutral words., 

The rcsults indicated that galyanic skin responses .,.ecorded \>"Jcre sig-

nificantly higher fot the emotional versus the neutral stimulus words. 

Ho re i mpo rt ant 1 y t hough, when the subj ec t 5 we re asked a week 1 ater to 

match theïr responses against the stimulus words, they succeeded in 

doing 50 correctly significantly more often than could be attributed 

to chance. The implication of these l''esults suggest that the subliminal 

verbal st imulus increases the pr()!babi 1 ity of tne subject responding 

with an associatcd word~ 

Spence and'" Ho 1 land (1962) teste<! the hypothesis that the number 

of associatiohs evoked by a stimulus of which the recipient is una-

ware "'ould exceed that el icited by the same st imulus aboye the a\vare-

ness thresho1d. Three Jg'roups of stJbjects had to learn and recal1 a 

list of words whiçh included a number of associates to the word cheese. 

The groups differed only in thei r prel iminary treatment in that one 
',' 

was presented the subliminal stimulation with the word chee se , 

another 'was shown the same word supral iminally, whi le the thi rd con-
0 

t roI group had no prior presentat ion of the cri t i Ct' 1 wo rd • ln the 

subsequent reca 11 task, subjects in the subI imi na 1 group produced sig-

nificantly more cheese associates than did e i ther of t~,e other two 

groups. Spence & Holland interpreted these findings to suggest that . 

the meaning of a stimulus ,fan be registered without awareness and can 

subsequently influence recal1. 

17. 
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Whi1e the main conclusion from these eJq)eriments. that auditory 

and visual words presented below awareness threshold may facilltate 

related responses, i scons i stent wi th the data from many other experi· 

ment s (Werne r, 1956; 0 i xon, 1958; 8;:, ch , 1959; Arey, 1960; Spence. 1961; 

Pine, 1961; Spcncc & Bressler, 1962; Spence & Ehrenberg, 1964; 

Worthington & Dixon, 1964; Gordon, 19(7), it has been seriously chal-

lenged by many invest ig.:ltors who fai led to produce similar resu1ts ln 

replication studics (Ericksen, 1960; Fuhrer & Ericksen, 1960; Banréte-

Fuchs, 1967; George & Jennings, 1972a). Fu rthennore, Neisser (1967) 

suggested that subliminal perception effects may be mediated by 

"del'land characterist ics on the part of the experimenter. Other studies 
... 

which lend support to the expcrimcnter-bias hypothesis inc1ude Rosen-
" 

thal 0963}, Barber & Rushton (1975) and Barber (1977). The results of 

these i nvest i gat ions have st rongly suggested the use of, a double-

blind design in research of subliminal perception. 

The "length of time for which stimulation below the awareness 

thresl)old might have an effect has, in facto cl long history which has 

been extensivcly reviewed by Fisher (1%0). Hany studies developed as 

a result of an investigation conducted by Poetzl (1960) in 1917 

found that a subliminal stimulus received during normal waking con-

sCÎousness can affect subsequent dream experiences. In addition. 

Poetzl sU9gcstcd that if supraliminal stimuli are not attended to, they 

would behave like subliminal stimuli. 

( 
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This Poetzl effect has been variously obfained with other types 

of dreamllke or fantasyl i ke materia 15. inc lud ing daydreams (Fi sher, 

1954; Shevrin &. Luborski, 1958; Goldsteln &. Barthol, 1960; kaley, 1970), 

free associations (Allers &. Teler, 1960; Hilgard, 1962; Haber &. Erdelyi, 

1967; Shevrin &. Fisher, 1967) and imagery (Fisher, 1957; Fisher &. 

Paul, 1959; Fiss, Goldberg &. Klein, 1963; Eagle, Wolitzky &. Klein, 

1966; Giddan, 1967; Henley &. Dixon. 1974; f1ykel &. Oaves, 1979). 

ln a rcpl ication of the study of Henley &. Oixon (1974), Mykel &. 

Daves (1979) randomly distributed 32 right-handed col1ege studcnts into 

two exper.ill1cnta 1 groups. One group received subi iminal words to the 

19. 

right car and music to the Jeft ear or vice versa, and two control groups 

received only music to one ear. Categorizat ion and ranking of imagery 

reported showed,that emergence \'1as greater with words to the right ear 

than wi th no words. The same effect s were produced in a second experi-

\ 

ment wher. the music was el iminated and the subjéct only received sub­

liminal words tothe right earornowords. Sorne investigators have in­

terpreted the resu1ts from these experiments as reminiscence (Giddan, 19(7), 

part la J eues (Goldberg &. Fi ss, 1959; Wiender &. Schu J 1er, J9(0) or methodo-

1091cal artifacts' (Johnson'" fricksen, 1961; Neisser, 196]). 

One of the factors relatecl to the maximum recovery of subi iminal 

effects appears to be that the subject must be in a state of reJaxed 

pauivity. Fisher &. Paul (1959) found that subliminal registration is 

maximized by making the subject occupy a supine position in'darkness. 
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Similarly, Fiss (1961) has shawn that relaxation brought about by 

instruct ions and confi nned by GSR monitoring, facilltates emet'gence 

of previous stimulus materral. Pine (1964) has suggested that: 

The freeing of thought from adapt ive demands and 
the freeing of P-ttrcept ion from a barrage of 
stimulus inp~ts makes possible the greater emer­
gence of preconscious and unconscious contents 
into awareness. (p.219) 

Several studies have al50 suggested that certain individual dif-

ferences are related to the appearanee and strength of subliminal 

effects. For instance, Allison (963) found that when subjects were 

encouraged to think in analytic, logieal., and organized modes, sot>-

1 iminal effects wcre not founit. On the other hand, when the same 

subjects wcrc cneouraged to think 91obal1y, intuitively. and freely, 
\ 

subliminal effects were demon5trated. These findings have been sup-

ported by studies of brain hemisphere conducted by Sackeim, P~rker 

" Ruben (1977) and Channan (1979). 

2. 1. 1 SUf'M'Ia CV 

The esults and conclusions of the l1terature'relattng to the 

effects of subliminal stimuli on the perceptual process are inconsÎs-

tent and justifyingly controversial. The abll1ty to perceive visual 

and auditory stimuli below the threshold of awareness has been demon-
\ 

strated using various biofeedback tech~iques, 5uch as the p~pilometer 

20. 

(Becker, 1938; Ketzner & Baker, 1939). [HG (Davis, 1960), GSR (HcGinnies 

Iglt9) and. EEG (Oixon. 1962). Failure to repticate slmitar results 

has been reported by Wedell et al. (1940) and Hi1gard et al. (941). 
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Assunlng the vaUdtty of.. the data support h~g the hypothesll that 

registration of stimuli below the threhold of awarene55 does occùr. 

stud jes have s ince focused on our abi lit y to di scrimlnate and evoke 

related responses to subliminal stimuli. The underlying concern of· 

.these two lines of research was whether the meaning of subliminally 

p,resented words or pi ctures cou Id be assessed. 

Investigations in perceptual defence (Postman & Bruner, 1948; 

Blum, 1954,1955) and subception (McGinnes, 1949; Lazarus & McClèary, 

1951) have provided empirical evidence that the discrimination of the 

emotional connotation of subliminal words does occur. This phenomeron 

has been den~nstrated in changes of GSR (Worthington, 1961; Bloek & 
'f 

Reiser, 1962), visual (Mathews & Wertheimer, 1958; Minard. 1965) 

and aud i tory thresho Ids (K leirvnan, 1957). Alternat ive exptanat ions 

presented for simi lar effects have been accounted for as statisticat 

artifaets (Howes, 1954; Ericksen. 1956) or response bias (Macintosh, 

1961; Goldsteln. 1962; laz'one, 1962). Studies eliminating the response 

bias. through the use of the signal detect ion theory parameters 

(Dorfman, 1967; Broadbent & Gregory, 1967; Hardy & Legge, 1968; 

Williams, 1980) and employing greater methodological controls 

(Lear, 1963, 1964; ~ixon, 19(6). have provided further evidence for 

the perceptual defence hypothesis as a sensory phenomenon. 

Research supporting the contention that auditory and visual words 

presented below awareness may facilitate subsequent related responses 

(Dixon, 1956; Spence & Holland, 1962; Wbrthington & Dixcn, 1964; 

21. 1 
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Gordon, 1967) has been seriously ehal1enged by many investigators 

who fai led to producc sim; Jar results (Edcksen, 1960; George &. 

Jennings, 1972). Other investlgators (Neisser. 1967; Barber" 

Rushton. 1975) have att ri buted these effects to experimenter-bias. 

It would appear that based on the latter challenge, more research 

in this area Is warranted using double-bl ind designs before con-

clusive inferences can be made. 

The suggcst ion that the effects of stimulation of which an 

individual is unav-Iare may persist over time has recently been 

demonstrated in various paradiCJlls including daydreams (Kaley. 1970), 

free associ~tions (Shcvrin & Fisher, 1967) and imagery (Henley" 

Dixon, 1974; Hykel & Daves, 1979). Different Interpretations 

of results have been postulated as a reminiscenee effect (Giddon, 

1967) or partial eue hypothesis (Wiener" Schi 11er, 19(0). Thus, 

as 01 xon (1971) has stated: 

If the Poet z 1 effect i s, i ndeed, a va Itd phenomenon, 
then, like that of perceptual defence, it constitutes 
sufficient evidcnce for the rcallty of discrimination 
without awarencss. Of pcrhaps greatest importance, 
however, is the demonstration, first, of preconscious 
stages in the pcrceptua 1 proccss and. second, that 
since the effects of stimulation of which an indivi­
dua 1 i s unawa re may pers i st over t i!TIc, awa reness cannot 
be regarded as a necessary condi t ion for a' 1 aspects 
of the learn i ng proeess. (p. 152) 

\ 

Several studies have suggested that both situational (Paul, 

1959; riss, 1966; Hurch, 19(9) and/or individual differences 

factors (Al1ison, 1963; Gordon, 1967) are related to the, appearance 

and slrength of subliminal effects. 
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2.2 8eh.vioral Effects 

Psychological research has generated a large body of empirical 

evtdence support ing the content ion that individua 1 scan respond to 

stimul i presented below the threshold of awareness. The fact that 

more research is now directed towards detennining its behavioral 

effects lands additional support for the subliminal perception phe-

nameno" (Bevan, 1964). 

Helson (194]) demonstrated that stimulus judgnents are related 

to and dependent upon the combined effects of those antecedent sti-

muli to which lhl! 3ubjcct has adaptcd. In short. the ad:!ptation-Icvel 

theory hypothesizcs that the orgdnism acts as a system that pools ail 

scnsory input s t hùt sc rve as i nloma 1 noms or standard wh i ch beccil~ 

reference va 1 ues for subsequent j ud ~ent s. 

Bevan and Pritchard (1963) conducted three experiments. using âI 

total.of 144 subjects. to compare the effects of subI iminal Iy presented 

tones upon judgnents of loudness with previously dctennined intcnsitics 

of supraliminal tones. Their results c1carly indicated that judgnents 

of loudncss could be rclÎsed by introducing atone belOl"l the auditory 

threshold. Thesc find ings are simi lar to a more recent study 

conducted by Zenhausen and Hansen (1974). 

Similar findings have shown subliminal stimulation to be effec-

t ive in influencing anchor judgncnts in the area of size (Boardman & 

Goldslonc. 1962; Kennett. 1962; Farne, 1963), length (Trimble & Ericksen. 

1966), intcnsity of shoc.k (Black & Bevsn, 1960; Goldstone et al.. 1962) 
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and, body boundary (Fisher, 1975. 1976). Nonsigntfic!utt results. 

however. have been reported wi th regard to va lue-nonn-anchor judgnents 

by Champion & Turner (1959), Murch (1968)and Hovsepian & Quatman 

(t978) • 

ln a' more recent study. Borgeat. Chabot &. Chalout 

(1981) examincd the influence of auditory subliminal messages on the 

level of activation. Subjects <n = 20) were randomly presented 

either activating or deactivating subliminal messages. Activation 

changes werc est im.1ted through variations in the scores at the Mood 

Adjective Check List which measured six factors; alertness. nonchalance. 

concentration, relaxation, aggression and anxiety. The results sholicd 

st-1tistically significant diff~rences for four of the six factors 

examined. It was, therefore. conc1uded that auditory subliminal 

stimuli can alter levcls of activation. 

ln a study conducted by Byrne (1959). subjects <n. 105) were 

subliminal'y presentcd the word "beef" every seven seconds using a 

tachistoscope during the course of watching a film. Following this 

t rcatment the subjects rated themselves for hunger and wcre then 

encouraged to choose onc From an assortment of different sandwiches. 

The results showed that while the sublimInal stimulus had a significant 

eff.ect upon subsequent hunger ratings, it did not affect choice 

behavior. These findings are consistent with experiments From Smith, 

Spence & Klein (1959), GOldstein & Davis (961) and Spence &. 

Ehrenberg (1964),. 
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The contention that subliminally presented messages mey 

~ 

oper.te di rect ly upon the subject's overt response beh.vlor h.s 

been suggested by the results from a study by Zuckerman (1960). 

Subjects <n • 36) were sequential1y assigned to three experimental 

c;onditio~s and were required to write stories around supraliminally 

presented pictures using Thematic Appreciation Test (TAT) cards. Un-

known to the subjects these cards were superimposed whh a subi iminal 

message to write more, don't write or a blank slide. The results 

indicated that the subliminal message produced the desired effect to 

a degree of statisticaJ signifiean~e. In a second replic.ation experi-

ment where 18 nCloJ subj ect s had been presented the same messages supra-

liminally. no significant differences were found among the conditions. 

Commenting on thcse findings, Dixon (1971) speculated that: 

This is an interesting example of the way in 
which a subliminal stimulus can by-pass 
processes of conscious intent, and of the fact that 
It may be impossible to resist instruct ions which 
are not consciously experienced. (p. 177) 

Simllar investigations which have demonstrated that subliminal 

pletures or words Can affect overt choice behavior have been found by 

Schiffs (1961), Worthington (964) and Worthington &. Oixon, (1964). 

George and Jennings (1975) examined the effect of subI iminal 

st imul i on consumer buying powe(. Tachistoscopic presentat ion of 

the words "Hershey's Chocolate" were presented to a group of 18 

experimental subjects below a forced-choice detection threshold. A 

blank sI ide was displayed ta a simllar control group whi le viewing 
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a fllm. ln a hlghly control'''' buylng situation. nelther gl"OUp pur­

ch8,ed Hershey's products. Although the experiment.1 group bought 

more comparable chocolate products than the control grouP. the re-

sults were nonsignificant. Further evidence against subI iminal mes-

sages affect ing consumer behavlor has be.n r.ported by Defl.ur & 

Petranoff (1959) and Hawkins (1970). 

Silverman (1976) revi~ed over 40 studies that reported demon-

strating the clinical treatment of psychopathIe behavior using a 

technique termed subliminal psychodynamie actIvation (Si1 vennan , Ross. 

v Adler & lustig. 1978b). These experimental studies involve the sub-

liminal presentation of a specifie pictoral and/or verbal wish-related 

stlmul i and cOlllparing its effects with those subliminal st imuli having 

neutra1 or different psychodynamic content. 

This paradign has,~ successfully employed with "normal" sub---. 
jects in the behavloral treatment of snokers (Pa1metler &.80mstein, 

1980), obes i ty (Si Iverman, Kartin & Ungaro, 1978.). improv ing aca­

d'emic perfnrmance (Parker. 1982; Adam!', Si 11er, 1982) and dart­

throwing accuracy (Si lverman et al. t 1978a). Fai lure to replicate 

simllar results has been reported by Greenberg (1977). Hel1brum (980) 

and Haspel &. Harris (982). 

Investigating whether subliminal pèrceptlon could be used as a 

means for ahering smoking behavlor. Glover (l979) randomly assigllied 

72 female smokers to two conditions. A treatme~t 9f'Ou;> vlewed three 

films with subliminally Inserted words oyer a two ...,eek period. and a 
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group. vlewed the same fi J_s wlthout the subliminal stl.,JatIOft. The 

d""""ent variable was the avo~ge n .... r of cigarettes SIIIIOked par 

day. Mter the t reatment period. a cornpari son of the two groups re-

vealed no significant dlfferences ln smoking behavior. ThoSf: 
< 

findings. however. are contrary to a simi lar study by Hart (1973) who 

investigated subliminal ~ffects on the modification of attitudes 

towards a1coholism. Furthennore, it has been reported that auditory 

subI iminal condit ioning has been successful in mocIifying the behavio",-,' 

of smokers (Chabot, 1976\ and in the treatment of obesity (8ecke~, 1976). 

2.2. 1 Sunrnary 
. 

The review of relevant literature revealed inconsistencies in 

the results obtained trom studies oxamining the effe~ts of subliminal 

stimuli in indudng behavioral changes. 

Helson's (948) 8ôaption-level theory has demonstrated sub-

limi na 1 st imu lat ion to be effect ive in i nfluenci ng anchor-va 1 ue-norm 

jud!J"8nts in the areas of tone (Bevan &. Pritchard 7 1963; Zenhausen &. 

Kan sen , 1974), size (Boardman &. Goldstone, 1962; Kennett. 19(,2; Farne, 

1963), intensity of shock (Black &. Bevan. 1960; Goldstein et al., 1962), 

body boundary (Fisher, 1975) and. activation (Sorgeat et al.. 1981). 

Nonsignificant results, however, have been reported by Champion &. 

Tumer (1959) , Hurch 09(8) and, Hovsepian &. quatman (1978). 

Subliminal stimulat,ion has also been found to affect drive 

le"el$" (Byme, 195.9; Smith et al." 1959: Goldstein &. Davis. 1961; 
<f 

Spence &. Ehrenberg. 196") and. overt choiee behavior (ZuckenRan, 1960; 

. Schiffs, 1961; Worthington" 1961t; IIbrthington &. Oimn, 1964). When 

this later contention, howeYer, was tested to examine its effects on 

., 
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cons...er buytng power (Defleur" Pet:r_noff. 1959,,; H_klns. 1970; 

George" JeMÎngs, 1975), po" signlfieent results were obtalned~ 

ln tenns of behavior modification, the most significant demon'" • 
strable effects have been found using Silvennan l s (1976) subliminal 

flsychodynamic act'lvation techniques in 'the clinicaT treatment of 

psychopathie behavior. Equivocal results have been found when emplpy· 

ing this paradign l'li th nonnal subjects '(Greenberg, 1977; Heilbrum, 

1980; Palmatic,r & Bornstein, _1980; Parker, 1982; Arrlan& Si 11er. 1.982; 

Haspel & Harris, 1982),and oth~r techniques (Hart. 1973; Chabot, 1976; 

Becker, 1976; G lover, 1979). 

Although many invcstigators suppOrt the contention t,hat sub-

1 iminal stimulation -can alter behavior and may be c;:>f therapeutic value 

(Lee & Typer, 1980), the literature remains eq'uivocat. Despite 

steadi ly 9rov~in9 commercial exploitat ion using various subI iminal 

techniques, Moore (1982) concludes: 

Empirical support for sublimina'l influences of 
a pra91latie nature is neithër plentiful nor corn­
pelling. On the basis of l'Iesearch evidence 
accumulated to date, the most one could hope for', 
in 'tems of marketing application, would be a ' 
potential' positive affective response to a sub- ' 
liminal stimulus. (p. 46) v 

,1 , 
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CHAPT ER III 

HETHODS AND PROCEDUR~ 

, 
The purpose of th i s study Was to invest i gate the effect of 

auditory subliminal stimuli on an athlete l s ability to perform a 

physical task involving static muscular strength and endurance. In 

this chapter, the methodology used in the study is described in the 

following sections: (3.1) ~jects; (3.2) Instrumentation; (3.3) 

Design and Experimental Treatments: (3.4) Testing Procedure: and, 

(3.5) Recording and Tabulation of Data. 

3.1 Subjects 

Seventeen male athletes of the Confédération Inter~llée d'Officiers 

de Réserve (CI OR) , ranging 'in age From 18 to 23 years', served as 

volunteer subjects in the study. Only rlght hand dominant subjects 

whose mother tongue was English were selected. A pure tone threshold 

hearing test to establish any frequenc'l.tonal deficiencies was given 

ta a II 5ubJects prior to the actua 1 experimentat ion. The subjects were 

not infonned of the purpose of the study and were sequential1y assigned 

in counterbalaneed order to eaeh of three experimental conditions. 

The counterbalanced assignment of subjects served to nullify any 

eXl?,erimcnta 1 b ias that may have occurred due to systemat i c exposure 

of the test conditions. 

"~ 
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3.2 Instrumentation 
" 

The instrumentation system used in the collection of data, con-

sisted of a proving ring or t ransducer w i th a spec ia lly des i gned 

attachment to minimize extraneous ann movements. This instrumentation 

eonsisted of mpehanieal and reeording equipment (Figure 1) and is 

referred ta as a slat ie museular force apparatus. Four strain-gauges 

were attached to the tr.Jnsducer to allow both flexion and extension of 

the elbow flexors. The strain-gauges were of a length and resistanc.é 

of five millimcter~ and 120: .3 ohms, respectively. 

The calibration of the instrumentation entai led th~ conversion 

of the mechanieal force exerted by the subjeet on the transducer to a 

proportional elcctrical voltage that was djsplayed on an Intersil liquid 

crystal (LeD; model ICl7l06 ND converter) voltmeter. This device \Jas 

sensitive ta forces ranging from one to over 45 kilogr~~s. The ealcu-

lations for cal ibration of the instrumentation indicated a linear 

relationship between forces (kg) and voltage (V-')throughout the entire 

range (see Appendix A). The voltmeter was connected in series with an 

electronic ampl ification system utilizing four comparators ta activate 

a light mechanism l and a timing device to record RIME (~e Appendix B). 

The light mechanism, consisting of three different coloured lights, 

These comparators, dcspite fine adjustment',s"~1 created a sI ight gap 
on the activation of the lights. This accounted for the ~ 5% 
variat ion to the HVC resistance load. 

'. 
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which guided the subject's physical efforts to maintain a ~sistance 

10ad equivalent to 30 ± $X of his Initiai HVC. The green Iight 

indicated to the subject that he was on target. whi1e the red and .,., 

yellow lights indicated that he should make corrections byeither 

increasing or dccreasing the applied force, respectively. furthenmore. 

the green 1 i ght det jvated a stop watch ci reuit (Intersi 1 Til 804-8) 

that displaycd the RIME time (.01 sec). The stopcloek could only be 

stopped when the red light was activated for a continuous three 
# 

second interval. 

The voltage input in the force transducer and output recorded 

on the voltr.~ter werc zcro~sêt prior to eaeh testing session. In 

addition, a calibr~tion mechanism wa5 included in the inst~ntation 

which indicated if the apparatus ~Jas funetioning properly for pre-

viously determined resistance loads of 40.82, 16.33 and IZ.25 kilo-

grams. This technology preeluded the timely procedure of daily cali-

bration using standard weights. 

The instrument used to administer the pure-tone threshold and 

SOT was a twc) channel elinico-diagnostic audiometer (model: Amplaid 

300) equipped with a Kaico~hearin9 instrument panel and headphones. 

This apparatus was calibrated prior to the actuat data collection. Ail 

testing oceurred in an industrial acoustics soundplOOf ch~ber. six 
.QI 

cubie feet in di~nsion. 

32. 
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3.3 Design and Exeerimente' T,..,tepts 
7 

The experimental design ..,as a treatment-by-subjects. repeated 

mea'sures design. To control for possible sources of external invali-

dit y a double bl ind procedure was used, such that neither the 

experimenter nor the subject was aware of the particular treatment 

condition. The three conditions of the study ..,ere as foJ1ows: 

3.3.1 Positive Subliminal Stimuli: The condition in which subjects 

were exposed to an auditory subliminal message that urged 

them to incrcase their perfonmance at the physical task 

involving static muscular contraction of the elbQw flexors. 

Negative Subliminal StimuH: The condition in which subjects 

wcre exposed to an auditory subliminal message that aU""'. 
to inhibit their optimal performance at the physical task 

involving statie museular cont(action of the elbow flexors. 

3.3.3 .~ Subliminal Stimuli: The control condition in which the 

subjects received no subliminal message while performing the 
~ 

ph) cal task involving static muscular contraction of the 

el bow ft exors. 

33. 

The content of the positive and negatlve sublimi .... 1 messages were 

eac~ composed of two words. The investigator selected two 1ists of 

ten words; one that would raise and a second that would depress an 

athlete's level of motivation for a related phYSiJ.ask. (see 

Appendix cl. The two 1 ists were then presented to 60 nonexperimental, 

undergraduate physical education ~tudents. who were asked 

, 
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to ftumber these words in order of potentiel to motiva. or depress 

perfonnance. Those worch that were chosen over SO perc;ent of the t illle 

as the students first three choices were then used to select two words 

for inclusion in the subI iminal texte The words select'ed for the 

posit ive subI iminal message condition were "drive" and "pull" whi le, 

for the negat ive cond i t i on the words were " s top" and If re 1 ax". 

These word!> , or auditory message, were recorded on a TOI< (Audua 

l-1800) high output, law-noise sound recording tape using only two 

of a four channel Sony stereo tape recorder (mode 1 : TC-227-4). Each 

of the \"Iords wcrc repeated three t imes in success ion at a rate of 120 

words pcr minute for both the negative and positive auditory messagés. 

On the rcmaining t~IO channels, the investigator's instruc;tors (see 

Appendix D) and sound effects2 were recorded with progranmed silent 

lntervals to reduce the masking effect of the supraliminal stimuli on 

the subliminal message. The orÎiginal instruction tape was reproduced 

for each of the experimental conditions thereby enabling subjects to 

receive standard instructions, sound effects and sifent intervals. 

AlI recording was perfonned in a soundproof cbamber. 
p' 

2 There are two reasons the sound effects were included with the- ',,­
instructions: "'irst, to enable the subject to listen to somethin9~\ 
interesting during the rest intervals and secondly, to enable the \, 
experimenter to conceal. within the instructions, the true purpose 
of the study. Sound effects were taped fnom Gemcom Inc •• SFX \ 
Sound effects Volume 8, Gateway ReC()rds (GSlP4608) World Music 
Services, 1979. 
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ln orcier to .. Ite the ...sltory ..... ge record" ln tM fi nt 

t.o ehanneh subliminal, the output of the tape recorder 'MS con­

neeted to an audion.ter ..... h Alplald 300) whleh operated as a 

db attenuator. This proeeclu,.. al10wed for Independent adJustment of 

the volume of the audltory .ssage and the Instructions. Therefore, 

adjustments to the volume of the auditory message to a db level 

equlvalent to the subject's prevlously detenntned SOT minus flve 

decibels1• resulted in the subject not being capable of consclousJy 

perceiving the content of the message. 

3.4 Test ang Procedure 

Subjects were infonned as to the general nature and ".rtleular 

requl ramenU of the physical t,sk by .... ns of a standardlzed set of 

instruct ions (see Appendix E). Each subJect reported to the labora-

tory on four separate occasions: The ft rst session served to 

familiarize the subject with the test apparatus and to allow for a 
o 

hearing test. The ramatning three sesstons conslsted of the test con-

dit Ions ln wh'ch the subject5 were sequentially assigned in counter­

balanced order. An Interpolated one week rest Interva 1 between ,the 

pre-test and oach of the experimental test ·condltlons was provlded ln 

order to minlmize any training effect. 

• 
3 Sweet (1964) $uggested tNt indlvldual varlablilty could 

manifest itself tn a threshold shaft of 5 db. Therefore. 
to ensure that the .ssage wassubllmlnal. the crttedon 
w1lde for eaeh subject w'l' 1 be the SOT minus flve db. 

'5 .. 
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,.4.1 're-T,.t 'rot 090 1 

A pilot Itucly revealed that the AIME t1_ could be Iq.roved 

wlth a f." practic. trtels. Howev'r. onc. th. subj.ct had famlll ..... 

lzed hlmself with the apparetus and, after two trials of applying a 

constant force of 30 t SX "Vt, the RIKE scores stabilized. There-

fore, a pre-test was carried out to allow the subject to famll tarlz. 

htms.lf with the testing procedure and apparatus. In addition, a 

hearing test of pure-tone threshold was admlnisterad during the pre-

test session to ensüre that the subJect's hearing was normal through-
. 

out the frequency range tested. The Hughson-Westlake technique 

(Carhart & Jerger, 1959) of ascending limits was used as the recommen-

dad method for clinical detennlnation of pure-tone thresholds. Sub-

36. 

jeets who demonstrate any tonal defieieneies would have been deleted as an 

( 

experimental subjeet and those who successfully completed the hearing 

test were administered a speech d.tection threshold test using the 

guidelines deseribed by the American Speech-lan9uage~Hearing Associa­

tion (ASHA, 1979).4 The purpose of this test was to detennin. at 

whtch db level the auditory stimul i must be adJusted to ensure it 

registers below the subjects' threshold of awareness. 

4 Rudmin (1983) recommends the use of spondee digits 
rather than spondaie wards (_s described by ASHA. 1979) as 
the standa rd test materi al, because of the i ncreased 
probability that subjects can perceive digits better than 
wards at low threshold levels. 

1 
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'.".2 telt 'rotoco1 
AIt ln It la t "\le, t reatment MWC and AIME t lme was ca leul.tad 

.... recorded for -.,eh subJec:t 'n eaeh of the condittons of the 

study. The testing p~edure ensutng in the three experimental 

conditions was as follows: The subject was lnstructed ta lay in 

• suplne position in the acoustical soundproof chambar, placlng 

hls dominant ann ln the sta'tic muscular force mechanlcal apparatus. 

ln this type of measurement movement artifacts may result, therefore, 

care was taken to discourage Involuntary moYem~nts of the ann. To 

further minimize ann movement, particularly during high intensity 

contractions, the ann was finnly sec:ured to the apparatus by means 
, 

of velcro straps , ensuring these straps in no way interfered with 

37. 

nonnal blood flow. In addition, the base of the apparatus was not 

secured ln arder to restrlct the force applled to only the muscle 

group involved in foreann flexion. In order ta obtaln maximum force 

of the elbow flexors. the subj~ct's ann was placed in a position between 

supination and pronation (Downer, 1953) and, at an angle at the joint 

of 110 degrees (Clarke &. BarJey, 1960). A baIl and socket joint was 

used to attach the wrist cuff at right angles ta the transducer ta 

ensure that the force applied on the transducer would always be llnear. 

Once the subject was placad ln the proper test position, he 

"'as asked to 11 sten to the prerecorded 1 nst ruct ions prior to securing 

the headphones. After a relaxation period of 'ive minutes the sub--

Ject was instructed to apply force at a ÇOfttfortable rate of muscular 
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con~r.ctlon untl1 h ..... ched hls _xll ... l force. This proc:edure wes 

r""ted three t lmes .nd the ... n of the blo bast trl.1s const huted 

the Inlt lai "VIC score. One .'nute recovery perlods were allowed 

after each trial to negate any fatigue effects (Krall, 1966; 1970). 

A ten minute .-est Interva1 was then penriitted to al10w the subject 

to recover and for the applIcation of the treatment. The subject 

then repeated the same test 1 ng procedu re to obta' n a t reatment ft'" 

score whlch was followed by another rest and treatment interval of 

ten minutes. Thlrty percent of ,the treatment ftVC was used as the 

crlterlon to detenmine the specifie workload for each subjectls RIHE~ 

Once the rest interval was completad, during which tlme the light 

mechanism was set so that the green light illuminated at 30 ± S% 

of the subjectls Hvt, a RIHE score was obtained. 

Ail testlng took place with the subject in the acoustlc 

soundp~f ehamber in complete darkness exeept for the Illumination 

produced by the response Iight meehanlsm (Figure 2). The expert-

Menter was loeated just outstde the acoustlc chamber and was not able 

to observe the subject (Figure 3). 

S8. 

S ThIs criterion load has boen found to have greater psychologlca1 (e.g., 
motivation) than physiological factors (e.g., Intramuscular 
occlusion) affect muscular perfonnanee. (Strong, 1963; Kro"', 
1970). 
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~ 2. A nev of the Subject in the Acowst1c Cbaaber Atta.ched to 
the MecbaD1.cal Force Appara.tua. 

) 

.. 

.: 

1 



'\ 

( 

-ftcure J. 4 ~l .. of t.he Exper1.aent.er Outs1de the Acouatlc Chu_. 

( 

1 

1 
1 
1 

1 
1 

1 
1 

i 

. 
1 

l' 
! 

" '1 



t J.U. 'N • 

.J 

( 

Il '. -

,'.,$ Atçp""oa tnd T,bul.tJen of Pat' 

$cores representlng Inhl.1 "Vt. treatment' ,"WC and RIME were 

rec;orded for e.ch subJect und.raU test condltrons. The Inltl,l 

and t reatment MVC scOrfl were the mean of the best two of three 

maximal static contractions of the elbow flexors for each subjeet. 

They were tabul~ted and reeorded Fran the stat ie muscular force 

apparatus and expressed ln ki Jograms (kg ). The RIME score repre-

sented the amount of tlme in seconds that the subJect maint"Ined a 

statie contraction of 30 ! S% of the Initial MVC •. The t~5t ~., ter-

mlnated when a subject was unable to àpply a force to the resIstance 

load for a continuous three second interva). 

The seo res we re t he~ ana 1 yzed by a repéat ed measu res ana 1 ys is 

• 
through multivarTate procedures (Finn" MattS$on. 1978) ln oreter to 

ascertain if any reliable differences exlsted among the expe~lmental 

condit ions in tems of changes between -'nltlal and tre.t .... t MlIt 

scores and RIME tlme. 6 The MANOVA progr ... utlllzed for the antlysls' 

Is attached (see AppencUx F). 

, A repMted ..... SU ... s fWIOVA WH u .... for the analysls of doit, 
bectus. , slgnlflQat ... tl" corn1.tlan between strength and 
encktrtnC8 .... s report'" by ...., Investlgators (TuttI, et .1 •• 
. 1950; 1955; lame.. 1_). 

" . 
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CHAPTER ''1 

RESlLTS 

QI 

The purpose of thls study was to investlgate the affects of 

audttory subliminal stimulation on an athlete1s abl1lty to perfonn I!I 

physlcal task involving static muscular strength and endurance. 

Strength was defined as the mean of the best two of three maximum 

voluntary contractions (MVC) that a subject could exert during a 

~tatlc'contraction of the elbow flexors. The relative isometrlc mus-

cular endurance (RIME) was the length of time that a subject was able 

to apply a static contraction with a resistance equivalent to 30 ! 5% 

of initial MVC. The present chapter was dlvided into the following 

three sectionS: (4.1) Analysls of "WC Scores; (4.2) Analysis of RIME 

$cores;and,(4.3) the Results of a Kultivarlate Analysis of Vafiance 

for the MVC and RIME Data • f' 

... , AnalvsJs of "\C Scores 

The .an InitIaI and tn.tlllent "WC scores were calculated for 

the 17 subjects wlthh~ the positive, negatlve and control conditions 

and are presented ln Teble J. Inspection of the data revealed that 

the ...an scores for the treatMnt MWC were elther slightly higher or 

lower then the initial "WC scorestfor both the posltive .• and negative 

subJl.lnal stilllUli conditions respectlvely. llttle change, howevar, 

.5 noted withln the control con.Ut Ion. The graph (Figure") 111us-

trates the t .... t ... t scores _9 the tlt,.. ... rh~nt.1 conditions. 

42. 
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TABLE 

. 
Means and Standard Deviations of Initial and Treatment 

Maximum Vbluntary Contraction (MVC) Scores for 
Hale Athletes under Positive. Negative 

Condition 

Pos i t i ve 

Negative 

Cont roi 

and Control Conditions 

Initial HVC (kg) Treatment Hvt (kg) 

33.25 2.96 

33.42 3.06 
'~H I ... ~~ 

33.48 3.40 

,. 

33.35 

33.25 

33.46 

The intercorrelatlons between the Initial and treatment MVC 

scores for all conditions were calculated. The intercorrelations 
." 

between initial and treatment Hvt for the positive <.r Ir .98), 

negative (r: •• 99) and control (r: •• 99) conditlot1s were all 

found to be statlstical1y slgniflcant œ< .001). Furthennore, " 

the between-day correlation coefficients which were considered 

to be the correlat iOn of H\Ie sco'res between condlt ions, obtalned 

.:J ,. 

" 
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\ , 



( 

t 

MVC 
(kg) 

__ -- - -.. nrrrLU. lIlC 

)4.0 
... ___ ...... TB&l1'MBIIT MYe 

)).5 

33.0 

PœlTIVE Cart'llOL 

SUBLIMINAL STI.ULI CONDITIONS 

t 

F1pre 4. Meu Iait1&l ... tn.M t !v1_ Yol.ua't.al:7 Cœtmct.1C11l 
(J!YC) SocIE_ far PIale .ltbl.et.ee UadtIr & PoëU'N" lI-.tlYe 
&l1li. ec.tzol Subl'm'nal SttanH CaaIl1Uaaa. -

( 

44. 

, 

1 



( 

( 

.. 

f",. .. ch subjec:t after a one ....-k rast Interval, .. nt also sir 

nif i c.nt (p c .001 ) and ranged t.eb .. L= .96 and L • .98 (se. 

Table ~ of Appendix Ci). 

The test of the gAlftd .. n for the change seo ... , calculated as 

the difference between the treatlIIImt and initial "vt scores, revealed 

that there were no significant differences. f (1,16) :1 0.241,.2"> .05. 

êIIIIOflg the three experimenta 1 cond it ions in tenns of "lit performance 

scores (see Table 6 of ,tppenelix H). 

4.2 Analysis of RIHE Scores 

The mean endurance scores for ail subJects ln each of the 

experimental c.onditions were calculated and are dlsplayed ln Figure 

'5. Inspection of the data revealed that the subjects were able to 

endure the isometric contraction of 3~ of their initial "vt longer 

under both subliminal stimuli conditions than the control condition. 

The descriptive statistics pertaining to RIHE time scores are pre­

sented in Table 2. Quantitatively, the 'mean endurance score was 

highest for the posit Ive condit ion Cl!. 341 secs). fol1owed by the 

negative ~ = 335 ~ecs) and the control QI- 328 secs) c.onditlons. 
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TAlLE 2 

Means and Standard Deviations of Relative IsometrlcMuscular 
Endurance (RIME) Scores for Male Athletes under 

Positive, Negative and Control Conditions 

RIKE (secs) 

Condi t ion 1! lQ 

Posit ive 341 84 

Negative 335 67 

Control 328 83 

The between-day correlation coefficients for the endurance test 

'Iere obtalned tram the corre,lati.s of the RIME scores afftOflg the three 

experimental conditions. Ali correlations were significant (! < .001) 

and ranged between.!. Il .89 for the negative versus the control con-

dhion and, .r •• 93 for the positive versus the negative conditton 

(see Table 5 of Appen(Hx G). 

4.3 Resu 1 t s of a HANOVA for the "WC tnd lUtE DtU 

ASJc1isPlaYed in rable 5 of Appendlx G. signtficant <a c .05) 
(/ --

Inverse co relations were obta'''''' between the bIO ~ yarlables ... 

· , 
i • 

1 , 
1 
! · · 

j 
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MWC and RIME, part icularly within the control condit ions (r = -.52). 7 

Consequently, a repeated measures analys's through multlvariate pro-

cedures was used to detennlne if any statlstic.ally significant dlf-

ferences were evident among the experimental conditions. The results 

of this analysis are reported in Table 3. 

Inspection of the single degree of froedom contrasts (finn,_ 

1974) indicated that the condition of positive subliminal stimuli 

and the control condition did not differ, mult ivariate f (2,15) = 

48. 

l.l1) • .e >.05. The negative subliminal stimuli and control condition 

contrast was also non3ignificant,multivarlatef (2,15) .1,288,02>.05. 

Finally, the contrast between the two subliminal stimuli conditions 

difJ not significantly diffar • multivariate f (2,15) = 0.981, R. > .05. 

Unvariate! rat ios are included in Table 3 and also show nonsignificant 

results <2 >. OS) for a Il cont rasts. 

7 The inverse relatlonshl, Nb, ...... ""'.r s-t,...gth and 
enduranœ Is c:onsist .... t wlth ,revlous st""I ..... Inlng 
these variables wlth a sl.1 hlr physlc.l task (St.n 1-
Gr--, 1964; IkGlynn, 1969; "mes. 1980). This nasutt. 
therefore, can be Int.rpreted aS pert'al validation of t .... 
stat le .. scular forc;e .,.ratus for ... surlng strength and 
nlat ive endurance perfo.-..nca. 
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0aJU'1 ......... the 'l'hne ~t&1 CoDd1U .... lIax1aua 
Yol-tar.r OoatnotlOll (MVC) UId Relative 1IIaaetr1o ltuM'tÜaZ' 
1n4~ (RDS) Soonal Mult.lvar1&t.. Anal.J81a rd V&Z'1uO •• 

Ualvar1 .. te .,. -
o.tlUt 

P_t.l .. 
yen. 

Oont.l'Ol ao.u u. 
JI .... u .. .,... 
CoIl, .. l a.üU • 

PoaltlYe 

jt-

2, 15 

l, U 

veraua 2, 15 
Hesatlve 00a41ttoa 

Multlvar1&te l 

1.11) ~ 

s.-

0.981 

1 MVC RIMI 

0.15 0.)97 2.)2 

O.Jl 0.918 0.5"" 

0.40 2.017 0 • .52.5 

--- ------------ .. _---.. 
Unlvar1a.t. Jlt • 1, 16. All UI\1vu1.&t. ! MYe a. .R '>.05 
S .. Table S At. AppeD41x H for etetailed unlvar.l. .. t.. AIfOVA •••• r.r. 
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DISCUSSION 

The purpose of thls study was to investlgate the effects of 

auditory subliminal stimulation on the strength and endurance of 

male athletes during a physical task of isometrlc contraction of 

the elbow flexors. Sorne investigators (Howes, 1954; Ericksen. 1956; 

Neisser, 1967; Barber & Rushton, 1975) have demonstrated subliminal 

effects to be " expe rimental artlfacts" on the basls that numerous 

studles had fal1ed to use appropriate control measures. To minlmize 

potentlal artifactual results, the present study used a counter-

balanced gesign with repeated menures to negate possible test 

sequence btas and Interindlvldual varlabi lity. Further, the 

double-blind procedure ensured control for possible sources of exter-

nal valldity (e.g., experimenter blas). A control condition was used ln 

the study to compare the positive and negative treatment conditionS wlth 

the effects of no sub 1imi na 1 st Imu lat Ion. The eff 1 cacy of th. sub-

IImlul stimuli could thon be detemtned. 

Ana lys i 5 of the resu It s for the st rength scores revu led that 

the dlfferences ln InitiaI and treatment "WC scores amDng the three . 
conditions were founet to be statist i cal1y nonslgniflcant <R > .OS). 

/---.,. 

Mence, the null hypothesls which st.tad th.-t thf would he no sig-

nlftcant dlff .... nces In"C scores among the exper'...,t.t condht"!'s 

• 1 

SI. 
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Inspect Ion of the IUME clat. Indlcat'" that subJects were able 

_/" 

~ _____ --- to endure the lsometrlc ~tr.ctlon of 301 of thalr Initiai MK longer 

c) 

ln the two treatment conditions then durlng the control condition. 

These di fference" however, were found to be 5tat 1 st i cally non-

signlficant <e >.(5). Thus. the nul1 hypothesls which predlcted no 

signlficant differences in RIME perfonnance would be found amang the 

three experlmental conditions was accepted. 

The results from this study can, therefore, be Interpreted as 

evldence that subliminal audio-condltionlng is not necessari1y an 

effective means of altering Isometric muscular perfonnance of the elbow 

fJexors. The 'Iack of subliminal conditloning effects was apparent ln 

both "\le and RIME scores. These results are in, accord with the con-

c1usions offered by a number of Invest 19ators (Hawkins t 1970; George &­

Jennings, 1975. Glover, 1979). Previous documentation which concluded 

that subliminal stimulation may result ln behavioral changes (Sllve .... 

man, 1976; éha!:lot', 1976; Becker, 1976; Palmatier &- 8omstein, 1980; 

Pa rke-r , 1982; AriëJR &- Si 11er, 1982) was not supported ln this Inves· 

tlgatlon. However. the paucity of ant-cedent experimentation Investl-

gatl"9 subliminal condttioning uslng audltory stimulation and muscu1ar 

perfomaance does not al10w for extensive compari50n with the results 

of the present study. 

Under the asslll1ption that subliminal stimulation can modify 

behavlor, then, efther the conditions for the experlment were oot 

sult.ble for obtainlng su ch effects, or behavloral changes were pro-

r l 
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cluced .... t .... ftDt reflacted ln the strength and endurance seo ..... 

Vith ..... rd to the flrst altematlve, SOM Inv •• tlgat:ors (Flshe .. 1-

'au 1 , 1959i Fi 55. 1966; Murch, 1969; Oixon, 1971) have noted that 

unless conditions are ideal for subjects in subliminal studies, 

then few effect. will be found. Ideal conditions for produclng sub-

1lmlnal effects are those ln which the subject Is in a comfortable, 

relaxed state, with a low level of arousal. It may be that desplte 

the optimal experimental envlrorvnent in the present study. the . , 

nature and length of the phys Ica 1 task may have creatad GOnd It Ions 

which were not conducive to a rela>ced, passive state. Pemaps, if 

the subjects had been given progranmed relaxation techniques, the 

subliminal stimulation may have demonstrated a more pronounc:ed 

change in the dependent variables. 

1 t Is possible that the subjects ln the-present study were not 

susceptible to the subliminal stimuli. lkal.nd SteInhaus (1961) 

conc1uded on the basls of thei r evldence that "psycho 10gic rather 

than physlologlc faetbrs detennine the' IImlts of perfonnance" (p.161) 

and that motivation was the most signlfieant psychoJogical factor to 

.ffect muscular performance. Kroll (1959) noted that the perfonnanee 

of hlghly motivated subjects couJd not be improved even with addl-

t fonal st imu' 1 such as "motlvat lonal sU998st ions". furthennore, Jones 

(l~) concluded that 91 ris ware le55 mot Ivated than men ln maximum 

strength tests. Therefore. It c is plausible to sug985t that the mal. 

ath1etes usad ln thls study .nt 'hlghly mot 1 vat ad Incltvlduals who 

52. 



( 

( 

----_._---_ ... _ ... - ---'"---..,. -----" --_._ .... -----

œuld not be addltlorwtlly influeneed wlth audltory sug91sUons. 

The consequence of thls possibi Illy My heve Regit" the potent laI 

effects of the subliminal stlmult. Perhaps, the subI iminal .ffects 

would have been more evident had non-athletle male and/or famale 

subjects been used ln the experiment. 

The use of "Subliminal Psychodynamic Activation Techniques" " 

(Si 1 vennan , 1976) that have been reported in many of the stud les 

demonstrating behavioral changes (Greenberg, 1977; Heilbrllll, 1980; 

Parker. 1982) have used previous Iy proven effect ive subliminal st imuH 

of psychodynamic content (e.g •• Mamnyand 1 are one). Although the 

procedure used in the present study in the select ion of words for 

the subi iminal messages was simi lar to that of other studles whlch 

have found subliminal condltloning effects (Glover, 1979; 8org6at et 

al., 1981) t they lItay not have been of sufflclent emot ional tmpact to 

elicit an Influence in the physlcal task. The potential effectiveness 

of the subliminal stimuli may have been confinned had the experimental 

procedure 'ncluded a means of verifying an overt affect ive response. 

This coulG have been demonstrated physiological1y using a biofeedback 

app.ratus to monitor GSR or psychologlcallYt by eliciting evoked 

guesses as to the content of the subi Imi na 1 messages. 

An explanatlon for the posslblllty that the subliminal stimuli 

produced effects whlch were not reflected ln the resu 1 ts. may be 

thet the responses to. subliminal stimulus do not noc::.essarf1y appear 

......... t.ly after lU presentation. Many studtes on the Poetzl 

53. 
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lat Ion _y not .ppeer for perlod. of up to two day. after presentat Ion 

(Fbetz', 1960; Hen ley, 1975; Lee '" Typer t 1980). In the prosent 

study, the effects were expected to occur during the subI iminal treat-· 

ment perlod. Consequent1y, the effects of the subliminal stimuli 

ruy have been evident if the muscular porfonnance tests wero eJCecuted 

.fter the presentation of the auditory stimulation. 

It is also possible that, If the subliminal messages had 

.ffectively influenced the 5~ects. the nature of t~ task mi~t IlOt 

have boen suitable for measuring this effect. Perhaps, the cornpari-

son among conditions of the subjects l ratings of perceived exertion 

{Borg, 1962} for the physical task, mlght have demonstrated slgnifieant 

changes ln adaptation-Ievels and hence, the effectiveness of the 

subliminal stimuli. 

A perusal of the literature on subliminal auditory stimulation 

hes shown that the length of presentation and the intensity of the 

subliminal stimuli has occurred as 1on9 as 45 minutes (Fisher, 1975) 

and, as much as 30 db below recognition threshôld (Zenhausem &. Hansen, 

1974) • ln the present study, the duratlon of the subliminal 

stimuli, without the masking effect, was approximately sixteen minutes. 

The intensity of the stimul i varied from -10 db to 5 db (sound pressure 

l~vel) depend ing on the subject's previous Iy determined speech detec­

tion threshold minus five decibels. The varlous tntenslty levels of 

( 
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subI " .. IMI st 1 ... 1et Ion _re nec.ury to ecce odat. t .... int ra and 

Interlndlvldual diff.rences in auditory thresholds. The,. audltory 

lntenslty variations eftsured that the stimuli ""as presented below 

each Indlvldual's specifie threshold of awareness. 'erhaP's, however, 

subliminal effects would have been demonstrated had the subliminal 

stimuli been presented for a longer period of time and/or at dlf-

ferent intensity leveh. i 
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SlIItARy AlI) CIXLusfON 

Empirical evideoce has supported the fact that a moti-

vated condit ion is essent ial for effective perfonnance of motor 

ski 115 and that verbal encouragement was found to significantly <. 

increase stl'ength and endurance scores (Barber, 1966; Kroll, 1970). 

Although many investigators support the flnding5 that subliminal 

stimulation can alter behavior (Sllvennan, 1978a; Lee &. Typer, 

1980) antl, despite the growing conmercial exploitat ion using such 

techniques aS "sublim i na 1 aud io-cond i t ioni ng l' (Key, 1980; Sorgeat et 

aL, 1981). the research Ilterature ramai"s equlvocal. However, 

a plethora of research literature which has been exteosively reviewed 

by Bevan (1961+). Dlxon (1971) and Erderly (1974) has supported the 

contention that subliminal perception does exist. Consequently, an 

effort was made to scientifically subject its.prlncip)es to the 

alm of this investlgàtion. 

6. 1 SurIma Ct 

The purpose of the pres..,t study _5 to investigete the effects 

of auditorY sub1imlna 1 st imult on the ,ablllty to perfonn a physlca 1. 

task involving muscular strength and endurance. Strength ""as defined 

as the mean of the best two of three maxlnun voluntary cont ract ions' 

,"WC) that a subject could exert durlng a static contractJon of the' 

56. 
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elbow flexors. The relative isometric muscular endurance (RIME) 

cons i sted of the accumu lated t ime that a subject was able to sus· 

tain a contraction of a resistance load equivalent to 30% of his 

HVC. The test was tenninated when a subject was unable to maintain 

the prescribed force on the resistance load for a continuous three 

second i nterva 1. 

A pretest was conducted to familiarize each subject with 

the test i'ng procedure and apparatus and to administer a pure-tone 

threshold (PTT) and speech detection threshold (SOT) hearing test. 

Each individual's SOT minus five decibels was then used as the 

test'criterion volume to ensure that the stimuli was recelved below 

thei r threshold of awareness. 

Seventeen male athletes of the Interallied Confederation of 

Reserve Officers, ranging in age from 18 to 23 years, served as 

volunteer subjects in the study. Engl ish-speaking, right-hand 

dominant subjects were assigned in counterbalanced order to each of 

three experimental conditions: A positive sUb~al stimuli condi­
"" 

tion~ in which subjects received a subliminal message that attemptea 

to mot ivate them to improve perfonnance; a negat ive subI imina 1 st imu 1 i 

con~ition, in which subjects received a subliminal message that sug-

gested performance retirement; and a control condition in which no 

subliminal message was used. A double-blind paradigm was used 5uch 

that neither the ex-perimentor nor the subjects were "aware of the par-

57. 

ticular treatment condition. Initial and treatment MVC and RIME scores ,', 

""ere obtained for ail subjects. in leaoh of the experimental conditions. 
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A repeated measures ..,.Iysi 5 through InUit ivariate procedures 

was conducted to determine if there were any significant differences 

for the dependent variables among the three experimental oonditions. 

The analysis of the strength data revealed that the differences 

between initiai and treatment "VI: scores among the conditions "'ere 

statistically nonsignificant <2 ').05). Inspection of the RIME data 
• 

indicated that the subJects were able to endure the isometric con-

traction of 30% of thetr Initial "VI: longer in both subliminal 

stimuli conditions than during the control condition. These dif-

ferences, however, were found to he stat Ic;tically nonsignificant 

~ >.05). Significant intracJass correlations between strength and 

endurance <..r. -.52} "'ere noted in a post-hoc analysis. 

6.2 tond usion 

Genera 1 i zat ions deri ved fl'"Qnf,the data must ~ rest r i cted to 

the inherent limitations of this investigation. These inc1ude the 

nature of the task and the samp le tested. Therefore. based upon the 

results and within the limitations of this study, it was detennined 

that subi iminal audio-conditioning is not an effect ive means of 

a' t~i ng st rength and endurance perfonnances for an i sornet ri c cont rac-

• 
t ion of the elbow flexors. 
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6.3 Sug9lst ions for Further Study 

ln vi.., of the dearlh of 1 iterature related to the effects 

of subi imina 1 audio-condit ioning. further research appears warranted. 

Previoys documentation has investigated such variables as the effects 

of i nd i v idua 1 di fferences in a rousa l, mot i vat i on and i ntens i t Y leve I~. 

The maJortty of the 1 iterature attempting to detennine the efficiency 

of subliminal stimulation to modify behavior has found that it may 

more than Ilkely produce an affect ive rather than avert response. 

Therefore, the present study notwithstanding. a revi.., of previous 

literature has dlsclosed an absence of inquiry in the measurement of 

an Individual '5 affective responses to a physical task as a result 

of subliminal stimulation. Further, the effects of a visually presen-

ted sub 1 imi na 1 st imu 1 i on phys i ca 1 performance has been void of 

earlier investigations. The practic.al implications of subliminal 

conditioning, which has been demonstrated in sorne empirical studies 

and ncJiIooII being conmercially employed. deem subsequent examination in 

this area ::lesi .-able. 

1 t i s suggested that futu re rese.arch in measu......,t of 

physic.al performance aCCOfI)péInied with subliminal suggestions inc1ude 

comparisons of: males and f~'es. athletes and non-athletes, sti~li 

intensity levels, duration periods. eJepel"Ïmental tasks and different 

types of subliminal messages. 

1 
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TABU 4 

T,..,.sducer c.lIbration of ..... Ings Recorded in 
1IIoIts(xUr3) to an Equivalent Welght (kg). 

VOLTS x 10-3 ("V) KI LOGRMS .(kg) 

0.48 
2 4.13 

2.~ 5 
4 8.26 

4.85 10 
6 12.40 

7.28 15 
8 16.53 

'9.70 20 
10 20.66 

12. 13 25 
14 _28.93 

14.55 30 
16 33.06 

16.98 35 37.1~~, 18 
19.40 40 

20 41.32 
21.82 45 

.. 
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F1gun 6. Tra.nsducar Calibration Graph Indj.cat1ng & Llnea:r .Rela.t1onab1p 
Between Forc. (kg) and Voltage (Io1v). ' .. 
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APPENOIX 8 

ELECTRONIC CIRCUIT SCHEMATIC OF 

THE STATIC HUSCUl.AR FORCE 

RECORDING APPARATUS 
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APPENDIX C 

Q,UESTIONNAIRE PRESlHTED TG NOff-EXPERIMEHrAL SœJECTS FOR 
,/ 

l1fE SELECTION OF WORDS TO BE USEO AS SUBLIMINAL 

STIMULI FOR l1fE POSITI VE AND NE GAT 1 VE 

EXPERIMENTAL CONDITIONS 
~ 
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NUlllber ln order of prlorlty the fol1owing words which would 

arous. or mot Ivate yeu to work htedee et a physicat ~.sk Ci .e., Cable 

Tans 1 ometer of Elbow. Flexion) to detemlne youe _xl ..... st ..... gth and 

endurance. 

Drive 

Forge 

Fuc::k 

Mau 1 , 

-Kacl 

Pull 

Mx 

, Strong 

Thru$t 

Tug, 

Nwnber ln order of priorlty the followlng words whlch would 

Impe 1 or induce you to work .l.!!! et a physlcal tesk to determine 

\9 
youe maximum st rength and endurance. 

EJchausted 

Fat igue 

Glve up 

Hurt ing 

Pat nful • 11 

Relax 
-Ii 

Sluggi sh 

Sore 

Stop / 
ITI red 

81. 
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APPENDU D 

1 NVESTI GATORS TAPED 1 NSTRttrl ONS PRESENTED 

TO SUIJECTS FOR AlL EXPERIMENTAL CONDITIONS> 
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INVESTIGATORS TAPED I~STRUCTIONS 

Te5~tng 1-2-3 ••••••• -10 

As you are weIl aware. the purpose àf this study 15 to test the 

rel iabl lit Y of your str-ength and endurance performance over a three 

week period using this newly designed apparatus. The ruson you 

are in this dark soundproof acoustlcs chamber is to control for 

extraneous variables such as vlsual and audltory cues that could 

affect your perfonnance. This testlng session wt11 he executed ln 

"". 
three phases whic:h will be explained to you as we go along. At thts 

time 1 want you to close your eyes and relax for a few minutes before 

we bagln phase one. Vou wi 11 not Ice that scattered throughout all 

rest Intervals you will he hearing special sound effects. Pleas. 

ensure that your rlght foreann is not pulllng on the wrist cuff. 

(Flve minute rest Interval) 

We are ready to bag f n phase 6ne wh i ch will cons i st in obta i ni n'9 

three maximum isometric strength scores of your elbow flexcrs. Whan 

1 say GO. 1 want you to contract your elbow flexcrs or bicep brachi i 

at a comfortable rate unt il you reach your maximum contract ion and 

then çelax for one minute. This procedure' is the same as you dld 

during the first practice session. Rememberf> th 15 cont ract Ion shou Id 

last no longer than flve seconds and. if the apparatus 1 i fts off the -
ground. it mea?s that you are cheating by using your shoulder muscles 

to asslst you in the elbo.w flexion. .. 
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STAND8Y - GO 
l' 

.. (One mi nute rest i nterva 1) 

Ready for the second con,t ract ion. STANOBY - GO 

(One minute 'rest interva1) 

Ready for the th i rd cont ract ion, STANOBY - GO 

Phase one is now canpleted. You will now get a ten minute rest 

interva 1. Remember to relax your ri ght ann 50 that you are not 

pulling on the wrist cuff. 

SUBLIMINAL STIMULATION STARTS HERE. 

(Ten minute rest i nterva 1) 

We are now ready to begin phase two which will be ldentical to phase 

one and con5ist of obtaining three more maximum isometric contractions 

of your elbow flexors. When,1 say GO 1 want you ta contract the 

bicep of your right ann until you reaé:h your maximum contraction and 

then relax for one minute. 

/ STANDBY - GO 

(One mi nute rest i nterva 1) \ 

Ready for the second contraction, STANDBY - GO 

(One ~ nute f~st i nterva 1) /' ,I 
1 

Ready for the thi rd contraction, STANOBY" GO 

Phase two i 5 DOW completed. You wi 11 now get a ten mi nute rest inte .... 
.-

l ( 
val. Remember to relax your right ann 50 that you are no~. pull1ng on 

the w~i st .euff. 

1 
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(Ten minute rest interval) 

We are n(7,l ready tO"begin phase three which will consist of 

determinlng your, maximum endurance time at an isometric contrac-

tion of the elbow flexors with a resistance equivalent to only 30% 

of your maximum strength. When 1 say GO 1 want you to slowly begin 

contracting the bicep of your right ann until the green light ts 

-'\ on, and to keep i t on as long as poss i bl e. 1 f the red or ye Ilow 

lights go on, "make the appropriate correction as fast as possible 

to get back on green. STAND!JY" GO. 
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AlI subjects were gtven .. copy of the following pre-

uperlllllntal Instruet Ions during the pre-test ing sess Ion: 

ln ord,.r tOJtendardize testing procedures, you 
.... request to refrain from the followlng, 

• two hours prlo,.. ta the testlng tlme: 

.,. NO smoking 
10 coffee ar tu 
110 consumptlon of any. food 
110 .1coho1, . 
110 excessive .. reise 'Î 

1 f far any ""5011 you ,..1 that the .... i-,t be • 
physlologleal or p.yehologlcal ruson (1 •••• c:old, 
pllystcal 'njury or d .. th ln the f.l.Jy) that could 
af.fect your perfol"lllftCe. pl ... c:afttact __ saon 
as posstbl. ta canQl yeur testlng session. 

For- KeUnrte test l''UU hs. .... for yaur .... a.fort • 
• standard test aul .... 111 ................ You ..... 
...... t ... to taM ~ test ___ rIng aT-shi rt ...... 
shorts on l'f. 

n. foll .. I"9 Instnact 1 ans ..... ,Iv. to e.ch MtbJea. 

duraag the tl_ he .. s being posltlOMll 1" the ..c:hanlcal ....... us 

and prlor, to ,11IC'nt the .......... cwer hls .rs for .... of CM 

... ,I_tal ~Itl_s. 
, \ 

..... pu ....... of thls test Is to _1 .. te. ,.11_.,lty 
~ te. ...... us ... to _1 .. the .,fects ., .... 
... .... l'nt...".' on yeur tt..-gth ........ ,.... 
seo..... • •• Il .r haw you .. ra t .. ught to perfofw the 

4 phpléal ~ .... 1 ....... slz. that you -.st OIIly con­
, tnct the blctlp _KI.' of VOU,. rlght a... " .... 
... ,IC1: allo ••• cassery IIOY~U of the .. IWS .. 

..... S"'ly li. ln the proper anat .. leal poslttoa 
...... ,.,.,. ... 1"9 the can1:hctIOft. The enti ... susl .. 
.... ld t'" no .on t .... 3$ .Inutes. List .. attentS,..., 
a. tM bIpIIII lM'Cruet tans and .... 1 .. 
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THE EFFECTS Of AN AUDITORY-SUBLhfINAUStI"ULI >----­
REPEATED HEASURES ANAL YS.IB THROUOH "UL nVAfHATE PROCEDURES 

9 0 3 1 1 12 1 20 1 1 1 
THE PURPOSE OF THIS INVESTIGATION WAS TO DETERHINE THE EFFECTS OF AN 
AUDITORY SUBLI~INAL STIMULI ON THE ABILITY TO PERFORH A PHYSICAL TASK 
INVOLVING STATIe MUSCULAR STRENGTH AND ENDURANCE. SUBJECTS CN-17) 
WERE SEQUENTIALL y ASSIGNED IN COUHTERBALANCED ORDER TO EACH OF THREE 
EXPERIHENTAL CONDITIONS: 

1. A POSITIVE SUBlI"INAL STIMULI CONDITION. IN WHICH ~ 
SU9JECTS RECEIVED Il SUBLI"INAL "ESSAGE THAT ATTEKPTED 
TD MOTIVATE THEM TO IKPROVE PERFORMANCEt 
2. A NEGATIVE SUBLIMINAL STIMULI CONDITION. IN WHICH 
SUBJECTS RECEIVED A SUBLIMINAL "ESSAGE THAT SUGGESTS 
PERFORMANCE RETIREMENT! AND 
3. Il CONTROL CONDITION IN WHICH NO SUBLIMINAL "ESSAOE 
WAS ISSUED. 

-... 89.' ~l \ 

CHANGE SCORES BETWEEN INITIAL AND TREAT"ENT MAXIMUM VOLUNTARY CONTRACTION 
<l'lVC') AND flELATIVE ISD"ETRIC "USCULAR ENDURANCE (RI"E) nt'E WA"S CALCULATED 
F'DF: AL,L 9U.JECTS IN EACH DF' THE EXPERIHENTAL. CONDITIONS. THIS DIITA ",1LL 
BE A"ALYSED III A REPEATED "USURES _"ALYS1S THROUGH "ULTIVARIATE PROCEDURES 
tFINN , ~ATTSSON 197B). 
FINISH 
t5X,2(F4.2,lX),FJ.O,I,5X.2(F4.2,lX),F3.0.I.SX,2(F4.2,1X).Fl.O) 

10 17 2 1 
11 17 S 4 
12 17 8 7 

p-It"Cl P-RIME It-ItVtl 
, 

P-ItVC::! 1I-flVC2 1I-ltIlt[ C-ttVC1 C-ItYC2 C-RIMt ,,-.wC 
N-!t'JC ' C-ItVC G~-~ .. ft-RI"l",C-ftVC P/C-RI"EN/C-~C N'C-II"E"/N-~C ft/N-'U"E 
IINCLUPE SUIDSOItT 

, 
<12'2.0) 

1 0 0 0 0 0 o 0 ~ 000 "-"VCl 01 
o 1 0 C 0 0 000 000 "-"YC2 02 
o 0 1 0 0 0 o 0 0 000 P-RlftE 03 
o 0 0 1 0 0 000000 N-"VC1 04 

_______ 0 0 0 0 1 0 000000 N-"!JC::! OS 
o 0 0 0 0 1 000000 N-RI"E 06 
00000010 o 0 0 0 C-ttIlC1 07 
00000001 o 0 0 0 C-"VC::! ' 01 
00000000 1 0 0 0 C-RII'IE 09 
o 0 0 0 0 cf'o 0 a 1 0 0 P-ft\lC 10 
o 000 0'0 0 0 0 010 N-ft\lC 11 
000000000 o 0 1 C-ftVC 12 
000000000 111 ""-ftVC 13 
001001001 000 GIt"-RIftE 14 
000000000 1 0-1 P/C-ftIlC 15 
.0 0 1 0 0 0 0 0-1 000 P/C-Rl"E li 
000000000 o 1-1 NIC-l'WC 17 

iii o 0 0 0 a 1 0 0-1 0'00 N/C"IU"E 11 
o 0 0 0 0, 0 0 0 0 1-1 0 P'M-I'tVC; 1f 
o 0 1 0 0-1 0.0 0 o 0 0 P'N-RIM 20 

1 0 0 1 
o. 
CO .. 

1 1 1 
l~. 
1. 

1 1 1 
14. 7 1. 

2 1 1 
15 ..... 
1. 

: 1 1 
\ 11.11. 

1. 
2 1 1 

' •• 20. 
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APPENOIX G 

• ..,..CLASS COMELATION MTRIX OF Mvt MO 'UME SCORES 

FOR ntE TItREE EXPERlttEMTAL CONOITHItS 

,1 

---~~---

" 

90. 

of ' 

,. 

! 

1 



"':!'. 

$ 
1 

.. 

-" 

.... 

• 

4 • ."1'~ • \.<,.;>.1 -"...~ ~-~; - .~ 

,.-

\ ,.' ... 

.. 
'l'AlLI 5 

la\A-CIlaII Coznlatloa MaUtI or Ift1Ual lDd TrMtatat JIIu1JIua VolW\t&ry Contraction (JIIYC) aa4 
Ial&U.,. ta.etnc ltIaaeul&r WllDUlCe (RH) !lcoru for t.he Tbne Experlaent.&l COAd1t.lona. 

UE HW 

Poalt.lVI M'PUYI Cont.rol Positive Meptive Control 
Inttlal rr. ...... Wtl&l Tzataent WU&! Truta.nt. 

1 ~.Ul 1.00 

'l'ft& .... t 0.98- 1.00 
h&1t.1_ 

IWlUl 0.91- 0.91- 1.00 

'l'ft& ..... \ o.we 0.9'1- o.~ t.OO 
.. 1 ..... U". 

1 W'Ul D." D.97- 0.97· 0.9'1* 1.00 

'l'ft& ...... 0.9'1- 0.96- 0.96- 0.96· 0.99- 1.00 
o.u.l 

-", "'" --'~' ... _-_ ................. ~~ 

" '" ., 

,. '\ 

-! , 
( 

i 

" f 

1 1 
" , 

! 1 

1 
l 
1 

• 1 

PoIIl\1<" • 
.:s 

-o.,.,. -C.)? -0.36' _ -O.)? -o.1tO -o.1tO 1.00~ ~ ~ .. .. u_ 

c.\nl 

• .I<.GOt 
... <.05 

-o.j6 -0.31 -0.36 

-0.51- -o.~ -0.47 

-o.lS -o.lS -0.)6 0.93· 

-o.~ -0.54" -0.52** 1 0.91-

1.00 

0.89- 1.00 

\0 - \ 
1. 
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APPEMOIX H 

SU.LE OEGlUE OF FREEDOM CON1'RASTS FOR Kve ., AIHI 

SCGRES MCJNG THE TftREE EXPERlftEHI'AL COMDtTICIIS 
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TABlE 6 

Slall. Dtcna of JrHdca CoGbuta for Max1aua Voluntary Contraction (MYe) and 
Relative Ia<aet.r1c Mwscular End~ce (RIM1i:) Scores AaoIl4 the 

Th:ree ilxper1aental Cond1 tione • 

Cont:raat !tl: §;3 .... MS. MS ~ 

, 

Gand Mean l, 16 2.06 0.127 0.0)1 0.241 

Poel tl va ven\\ll Cont.rol l, 16 2.29 0.1)9 0.055 . 0.397 

_.pu," v ..... \\11 Oontrol 1. 16 1.7.5 0.10) 0.09.5 0.918 

Poalt.lve v~u. Hasatlve 1, 16 2.64 0.146 0.295 2.017 

Poà.tl •• veraua OoIltrol 1. 16 22,319 1218.6 2821.2 2.32 

N .... t! •• v .. ua Control 1. 16 24,889 1501.7 861.2 0.574 

Poaitiv. veraua Necat.lv. l, 16 17.792 1016.7 564.9 0.525-
:- -'- -----

= 

R 

0.6) 

0.54 

0.3.5 

0.18 

0.15 

0.50 

0.48 

& J'or 1 and 16 !Il. l .ut -..ual or exceed 4.49 tor a1cn1flcanoe at the .05 probab1l1ty level: 
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