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IITRODUCTIOH 

The challenge of an acceptable integration and ex­

planation of the interaction of psychological end neuro­

physiologies! parameters of human behavior offers scientifi­

cally perplexing research possibilities. In the development 

of learning theories, the investigation of the phenomenon of 

reactive cortical inhibition has yet to yield a definitive 

explanation and clarification. Of paramount importance in 

the investigation of this phenomenon has been the precise 

role of the oentral nervous system, the structure and 

functions of which, have provided an entity which could be 

scientifically approached and explored. 

Among the methods used to demonstrate the possible 

role of the central nervous system in reactive cortical 

inhibition has been the negative after-image phenomenon. 

Apropos to this method of investigation is the appearance of 

a new apparatus designed to produce and assess the negative 

after-image with considerable refinement. The potentials 

offered by experimentation «ith this apparatus have enhanced 

the interest of this writer in the reactive Inhibition 

phenomenon. 

The following pages report on a study which was under­

taken to inquire into the role of the oentral nervous system 

as a generator of reactive cortical inhibition. The 



INTRODUCTION Vili 

Involvement of the neur©physiological substratum was 

accomplished through the action of two sympathomimetic drugs. 

The text of the report will be divided into three 

chapters followed by a summary and conclusions. Chapter One 

presents the researoh in this area in retrospect, an evalua­

tion of this researoh and a statement of the problem directly 

studied. Chapter Two presents an outline of the experiment 

as it was conducted, and includes a description of the 

population used in the experiment and the type of statistical 

evaluation applied to the results obtained. Chapter Three 

presents the results of the experiment with an appropriate 

evaluation and discussion rendering an interpretation of 

these. The summary and conclusions will briefly give the 

implications of the results as well as suggestions for 

future research possibilities. 



CHAPTER I 

REVIEW OF THE LITERATURE 

The researoh undertaken to explain and quantify r e ­

act ive co r t i c a l i nh ib i t ion has, a t t imes, resul ted in incom­

p l e t e , inconsis tent and contradictory f indings . Recently, 

Barry1 and Koratoh2 have luoldly and comprehensively pre ­

sented in t h e i r works 'he evolutional process leading to the 

various contemporary theor ies and hypotheses. Consequently, 

a s imilar presentat ion here would be redundant and, 

undoubtedly, r ep l i ca t ion . 

However, per t inent to the present research are a 

number of s tud ies having implicat ions e i ther d i r ec t l y or in ­

d i r e c t l y with regard to the method of Invest igat ion used in 

t h i s study. In order to subs tan t ia te the re la tedaess of 

t h i s study to previous work, these s tudies w i l l be reviewed 

in th i s chapter from the points of view of methodology and 

contr ibution to the general understanding of the phenomenon 

under inves t iga t ion . In order to ensure c l a r i t y of presenta­

t ion the chapter wi l l be divided in to sec t ions . 

1 William F. Barry, Introversion-Bxtraverslon and the 
Negative After-Ima*e Threshold, unpublished doctoral d i s ae r t a -
t ion , Universi ty of Ottawa, April , 1961, v i i -80 p . 

2 Joseph D. Kovateh, In t r a Cranial Pathology and the 
Negative After-image Threshold, unpublished M.A. thes isT 
Universi ty of Ottawa, Apr i l , 1961, vl l -44 p . 
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Section One will consider the studies whloh have 

provided a functional brain model offering research possibi­

lities as well as those studies which have utilized an 

approach to the problem similar to that employed in this 

study. Section Tiro presents an evaluation of the studies and 

a statement of the problem to be directly investigated in the 

form of an experimental hypothesis. 

1. Kelated Studies. 

3 
KOhler and wallach, in offering an explanation of 

reactive inhibition, have attempted a description of cortical 

eonductlvity in the ooeipital cortex utilising fisural after­

effects. Their view of the vlallopsychic oortex and nervous 

transmission therein, based on tissue polarization, has been 
4 

opposed by Osgood and tteyer as being untenable in view of 

the present neuroanatomies! model of the cortex. 

3 Wolfgang Kohler and nans Wallaoh, "Figural After-
Effects", in Proceedings of the Amerloan Philosophical Society. 
88, 1944, p. 269-557, quoted by John arauekopf, *Th» jiagni-
tude of Flgural After-Effects as a Function of Duration of 
Test Period", in the American Journal of Psychology. Vol. 67, 
Ho. 4, December, 1954, p. 664-690. 

4 C.B. Osgood and A.'A. Heyer, "A Mew Interpretation 
of llgural After-Sffects", Psychological Review. Vol. 59, 
Ho. 2, March, 1952, p. 98-118. 
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Kysenck5 has employed the Jlfthler-Wallach theory in 

par t to sup; o r t h i s postnl&tions with regard to individual 

differences in terms of reso t ive cor t i ca l inh ib i t ion pa t t e rns . 

Here, Bysenok maintains tha t cer ta in personal i ty dimensions 

would be iden t i f i ab le on the basis of these p a t t e r n s . 

Furthermore, he s t a t e s tha t in assessing the action of stimu­

l an t drugs and in p a r t i c u l a r , amphetamine, whieh he uses as a 

prototype, a deerease In reac t ive co r t i ca l inh ib i t ion would 

be manifested in lowered negative after-image thresholds . 

Such a posi t ion would be d i f f i c u l t to defend in view 

of the findings of Marrazzi and Hart6 who point out tha t 

chemically, amphetamine produces inh ib i tory effects on the 

cerebral cortex and brainstem nervous transmission. Their 

findings favor a trophotrople blocking a c t i v i t y in these 

areas and subsequent increase in co r t i ca l i n h i b i t i o n . 

Although Sysenck speaks of a co r t i ca l influence on 

the negative after-image, the in te rp re ta t ion s t rays more 

toward a per ipheral sensory inh ib i t ion occurring a t the r e ­

t i n a l leve l of functioning. The use of amphetamine does not 

demonstrate r e t i n a l involvement in the negative after-image 

5 H.J. lysenok, "Drugs and Personal i ty , I . Theory 
and Methodology", Journal of Mental Science. Vol. 103, 1957, 
p . 119-131. 

6 A.Marrazzi and X. Hart , "An Electrophysiological 
Analysis of Drugs Useful in Psychia t r ic S t a t e s " , Fed. P roo . . 
Vol. 10, 1951, p . 322. 
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phenomenon inasmuch as research thus far has failed to 

identify conclusively any pharmacological eotion of the drug 

peculiar to the retinal photochemical process. 
7 8 

lysenck and Alba, using a modified Lehman Device. 

supported their poatulatlons of the effects of ten milligratas 

of dextro-amphetamine sulfate on the suppression of the pri-

msry visual stimulus. Here, the interpretation of the 

findings was based on the pre-excitatory Inhibition of the 

primary visual stimulus at the retinal level. This inter­

pretation has been challenged by Barry' as being directly 

opposed to the commonly accepted Interpretation of the nega­

tive after-image phenomenon and the vasdilation of the 

authors in adhering to either a cortical or retinal Inhibi­

tory mechanism has been cited by &ovetch. 

Alba, studying the effoots of ten milligrams of 

dextro-amphatamlne sulfate on the after-effects produced by 

7 H.J. Sysenck and S. Aiba, "Drugs and Personality, 
IV. The Effects of Stimulant and Depressant Drugs on the 
Suppression of the Primary Visual Stimulus", Journal of 
Mental science. Vol. 103, 1957, p. 661-665. 

8 H. Lehman, "Preliminary Report on a Device for the 
Objective Measurement of the Negative After-image", Sclenoe. 
Vol. 112, No. 2903, August, 1950, p. 199-201, 

9 Barry, OP. ult.. p. 66. 

10 Kovateh, OP. Ult.. p. 11. 

11 Satoru Aiba, "The Effects of Stimulant and Depres­
sant Drugs on the Bidwell Phenomenon", British Journal of 
Psychology. Vol. 51, So. 4, 1960, p. 311-318. 
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the Bidwell phenomenon indicates that those subjects re­

ceiving the drug had lowered thresholds and contends that 

the drug enhances pre-exoitatory inhibition by altering the 

response of the retina to a light stimulus. This explana­

tion is inconsistent with the pharmacology of the drug used 

since the only action of the amphetamines on the eye itself 

is that of a mydriatic when introduced directly Into the 

conjunctival sac. The above interpretation would seem to be 

that of an improvement of visual acuity which cannot be, 

ipso facto, a decrease in cortical inhibition. 

Sysenck, Holland and Trouton* assessed the effects 

of ten milligrams of dextro-amphetamine sulfate on the after­

effects produced by the Archimedes Spiral Apparatus. The 

results failed to support their postulatlons of the effect 

of the drug on the negative after-image threshold. An ex­

planation for the findings was given in tersi© of the 

ineffectiveness of the stimulant drug. 
is 

Kaplan, using a device similar to the one employed 

in this study, investigated the effects of three sympatho­

mimetic drugs on the after-image threshold. His conclusions 

12 E.J. Sysenck, H. Holland and D.S. Trouton, "Drugs 
and Personality, III. The Iffects of Stimulant and Depressant 
Drugs on Visual After-Effects", Journal of Mental Science. 
Vol. 103, p. 650-655. 

13 Solomon D. Kaplan, "Autonomio Visual Regulation*, 
reprinted from Psychiatric Researoh Reports. Americun 
Psychiatric Association, January, I960, p. 104-114. 



REVIEW Of 2HK LITER/.TTLtE 6 

are not in agreement with "ysenok and his co-workers re­

garding the effect of the drugs on the threshold. In his 

study Kaplan found an increase in the threshold values. 

The interpretation of those results is in concurrence with 

the notion of a diencephalic link as a poenible regulator of 

cortical inhibition as suggested by Barry. The results 

reported by the author indicate that two of the drugs, 

twenty-five milligrams of ephedrine sulfate and 100 milli­

grams of sympatol produced significant effects while the 

third, five milligrams of amphetamine sulfate did not. The 

author does not offer any explanation for the failure of 

this drug to produoe significant results, but a plausible 

assumption may be that the dosage level was too low. 

In addition to a valuable explanation of cortical 

inhibition of visual functioning conceived as being the 

resultant of a possible differentiation in central nervous 

excitation as the result of the regulatory effects of the 

autonomic nervous system, the author also provides evidence 

of the effeets of coffee, tea and tobacoo on the negative 

after-image threshold; thus indicating the necessity of 

controlling these influences in similar experimentation. 

14 Barry, Qp. Pit., p. 26. 
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Klein and Kreoh, in localizing reactive cortical 

inhibition in the cerebral cortex, have contributed a 

theoretical dynamic model of reactive cortical inhibition 

conceived in terms of the neurophysiologicul substratum when 

they state that; 

I...) any neural aooivity induces hei^ntened 
resistance in the area stimulated (...) the current 
flow initiated by stimulation of a defined cortical 
aree results in heightened resistance within that 
area to further electrical activity. Should further 
stimulation occur, the resulting pattern of elec­
trical activity would, as a consequence of this 
inoreased resistance, be "dampened", distorted or 
rerouted. In this event we can then speak of 
reactive or a temporary condition of decreased 
cortical conductivity; i.e., In one specific area 
and for a finite time cortical conductivity is 
reduced.1" 

This state of decreased cortical conductivity was seen among 

the organic subjects in the study of Kovateh as an increase 
17 

in reactive cortical inhibition. 

2. Evaluation. 

The studies which have been reviewed in the preceding 

section have attempted to demonstrate cortical mediation in 

reactive cortical inhibition, albeit, not always success­

fully. Some of the inconclusive results may be due to 

unreliable instruments — a plausible assumption from the 

16 Klein and Kreoh, Op. Cit. , p. 12Q-1UL. 

17 Kovatch, OP. Cit. 
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fact that /sost of the authors have failed to report any 

evidenoe in this regard. Also, the reporting of some of 

the experiments implies a looseness of experimental method 

and little control of relevant, and possible contaminating 

variables. From these facts alone the results sre justly 

the object of serious question. 

In his work Barry has pointed to the inconeisteneies 

of interpretation of the negative after-lmaj-e phenomenon 

when he states that "(...) cortical inhibition Is a central 

phenomenon. It may be the caure or effect of many sums, 

products and neurological quotients at the peripheral 
18 

sensory level". This statement brings to attention the 

feet tbat at times, the lack of agrfionont among authors and 

the rash postulatlons in the face of insufficient supportive 

evidence tend to complicate rather than explicate the nature 

and process of reactive cortical inhibition. 

The study to be described in the following chapter 

was conducted in an effort to demonstrate the central nervous 

system involvement in reactive cortical inhibition via 

transitory modifications in cortical functioning. The 

essential tool used in the investigation was an apparatus 

of established validity and reliability. The problem inves­

tigated is stated in the form of a null hypothesis: There 

18 Barry, OP. Cit., p. 66. 
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wil l be no s igni f icant differences between the pre-drug and 

post-drug inh ib i t ion sums of groups of subjects a f t e r 

receiving e i the r a stimulant drug or a placebo. 



CHAPTER I I I 

1XPSKIM1NTAL DESIGN 

The experimental hypothesis advanced in the preceding 

chapter was invest igated within the framework to be discussed 

below. The chapter wi l l be divided in to f ive sec t ions , each 

discussing an aspect of the t o t a l design, sect ion One 

mentions the tool used in the experiment to evoke the nega­

t ive after-image and es tab l i sh the threshold values . Section 

Two presents the basis for the se lec t ion of the pharmacolo­

g ica l agents and a descript ion of these . Section Three deals 

with the method of select ion and descr ipt ion of the popula­

t ion Involved. These wi l l be followed by Sections Four and 

Five t rea t ing respect ive ly , the experimental method followed 

and the s t a t i s t i c a l evaluation applied to the r e s u l t s . 

1 . The Psychophysiological Tool. 

The pr inc ipa l tool of the experiment was the KAIT 

apparatus designed and used by Barry , 1 and subsequently used 

1 William F. Barry, introversion-Extravers!on and the 
Negative After-image Threshold, unpublished doctoral d l s s e r -
t a t i o n , Universi ty of Ottawa, Apri l , 1961, v i i -80 p . 
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by Kovatoh2and Montvllle. The complete description of the 

design and mechanics of the apparatus may be found in the 

report of the designer, and since no innovations were intro­

duced by this writer, further elaboration at this point would 

be repetitious. 

2. The Pharmacological Agents. 

Two sympathomimetic drugs were used to introduce 

changes in the central nervous system functioning; an inert 

placebo was included for certain comparisons. The selection 

of the drugs was based largely on the available literature 

which offered descriptive information since it was not the 

object of this study to investigate the action of a parti­

cular drug. Specifically, the researoh was concerned with a 

olass of drugs regarded as possessing stimulant properties. 

In view of the body of information available per­

taining to the amphetamines and their derivatives, amphe-
4 

tamine sulfate and dextro-amphetamine sulfate were selected. 

Amphetamine is structurally related to epinephrine and is 

2 Josaph D. aovatoh, intra Cranial Pathology and the 
Kegatlve After-image Threshold, unpublished a.A. ThaslsT 
University of Ottawa, April, 1961, vii-44 p. 

S Paul o. wontvllle, study now in progress at the 
University of Ottawa, school of Psychology and Education. 

4 Henceforth the drugs will be designated as 
amphetamine and d-amphetamine• 
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considered as being a sympathomimetic drug which st imulates 

the higher nerve cen te rs , espec ia l ly the cortex. The action 

of d-amphetamine i s the same, but general ly considered to be 

more rapid and without the s ide-e f fec t s of amphetamine, 

especia l ly a t higher dosage l e v e l s . 

The dosage leve ls of ten milligrams of amphetamine and 

f ive milligrams of d-amphetamine were establ ished for two 

reasons: (1) the dextro-rotary isomer of amphetamine Is con­

sidered to produce twice the amount of cen t ra l nervous 

st imulation as the parent drug amphetamine, thereby necess i ­

t a t ing a proportion between the drugs in order to j u s t i fy 

comparisons; and (2) because of the possible side effects 

occurring with higher dosage l eve l s I t would be Imperative 

that a physician be in attendance at a l l times during the 

experiment — a plan which did not prove feas ib le . The drugs 

and placebo were prepared in iden t ica l ly -s ized capsules 

varying in shade of color from 'skin* color to l i g h t pink. 

3 . The Population. 

The sample used in the study was engaged on a volun­

t ee r ba s i s . The volunteers were fifty-one students of the 

School of Psychology and Education of the Universi ty of 

Ottawa in ful l - t ime attendance, and twenty-eight graduate 

nurses enrolled in the Introductory Psychology course a t the 

School of Psychology and Education. Because of the nature 
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of the experiment certain requirements of eligibility were 

imposed upon the volunteers. 

First, those persons under the age of twenty-one were 

excluded because of the legality involved in administering 

drugs. Secondly, the group was screened on the basis of 

medical reports obtained from the pro-registration physical 

examination required by the University. The criteria for 

exclusion from participation in the study were as follows: 

(1) elevated blood pressure which was assumed to be reflecting 

possible hypertension; (2) familial history of hypertension 

which would Indicate caution because of the nature of the 

experimental conditions; (3) possible neurological disorder 

which might influence the general area under investigation; 

(4) history of inordinate or continued drug usage which might 

result in drug tolerance; 15) visual defects, particularly 

color blindness, which would directly affect performance on 

the experimental task; and (6) other contraindications which 
5 

might derive from the acumen of the physician. 

Thirdly, and ooncommitant with the above medical 

evaluation, a pilot study was conducted by the experimenter 

in which all of the volunteers were requested to take the If AIT 

test. The purpose of the pilot study was twofold. Primarily, 

3 Evaluation of the medical reports was made by 
Gaetan Valois, M.D., Assistant Director of the Student Health 
Center of the University of Ottawa. 
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it was undertaken to serve as a oheok on the medical scree­

ning, particularly with regard to color blindness. Color 

blindness was established on the basis of the person*s 

inability to correctly identify the color of the stimulus. 

Secondarily, it was intended to familiarize the experimenter 

with the operations of the 33 AIT apparatus, and thereby 

facilitate the actual experimental procedure which will be 

discussed in the next section. 

4. The Experimental Method. 

In reporting the experimental method followed by the 

researcher, the word subject will be used, and will refer to 

those volunteers who were Qualified' to participate in the 

experiment on the basis of the screening procedure described 

in Section Throe. 

Subjects scheduled to report for the experiment were 

requested to abstain from coffee, tea and tobacco for a 

period of at least one hour prior to reporting beoause of 
a. 

their general stimulating properties as shown by Kaplan. 

When testing immediately followed mealtime, subjeots were 

requested to eat only a 'light* meal in order to permit 

maximum absorption rate of the drugs. 

6 Solomon D. Kaplan, "Autonomic Visual Regulation", 
reprinted from Psychiatric Research Reports. American 
Psychiatric Association, January, 1960, p. 110. 
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In tegra l to the general experimental procedure was 

the recording of (1) the time and content of the l a s t meal; 

{2) the number of cups of tee or coffee and the amount of 

tobacco taken immediately before the experiment; and, (3) the 

hours of sleep during the previous n ight . This information 

was collected in order to assess any unwarranted reac t ions 

which might occur to e i the r the drugs or placebo. Also, 

each subject was required to sign a consent s l i p freeing the 

researcher and the University from respons ib i l i t y in the 

event of any drug-induced undesirable a f t e r - e f f e c t s . 

Two subjects reported to the tes t ing s i tua t ion a t a 

time. This procedure allowed maximum observation of the 

subjec ts ' ovsrt behavioral react ions af te r having received 

e i the r a drug or placebo. These general observations were 

also recorded. 

Before receiving a capsule, the pre-drug blood 

pressure and heart r a t e were established and recorded to be 

studied l a t e r as indices of arousal due to the pharmacolo-
7 

g ica l agents . Also, the pre-drug negative after-image 

threshold was establ ished according to the procedure followed 

by Barry8 and Kovatoh.9 Testing was done in a darkened room 

7 Blood pressure and heart r a t e were determined by a 
Kegistered Nurse. 

8 Barry, Op. S i t . 

9 Kovateh, Op. Ci t . 
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and the subject was seated twelve inohes from the WAIT 

apparatus (as measured by a s t r i ng attached t o the front 

pane l ) . A three-minute dark-adaptation period was allowed 

during which time the d i rec t ions were read to the subject . 

Kach subjeot was given two se t s of s ix t r i a l s , Interrupted by 

a three-minute r e s t period to allow for the d iss ipa t ion of 

react ive inh ib i t ion build-up. Each se t of s ix t r i a l s con­

s t i t u t e d a session. 

Following th i s pre-drug tes t ing the subject received 

h is capsule (capsules were administered randomly according to 

the double-blind method by the nu r se j . Eaoh subject received 

h i s capsule when alone with the nurse to prevent awareness of 

s l i gh t oolor differences; the viela containing the capsules 

were concealed from view. After receiving the capsule, the 

subject was requested to be seated — reading c a t e r i a l was 

provided. Conversation was allowed but subjects were i n s t r u c ­

ted that they should not discuss with each other how they 

' f e l t * and should comment in t h i s regard only when d i r ec t l y 

asked by the nurse . I t was intended that th i s r e s t r i c t i o n 

would reduce suggestion effects since i so l a t ion of the sub­

j ec t s was v i r t u a l l y impossible. All coroaents made to the 

nurse were also recorded for future evaluat ion. 

Eaoh subject was then retosted a t fo r ty - r ive and 

seventy-minute in te rva l s a f t e r receiving e i the r a drug or 

placebo. At these i n t e r v a l s , however, the d i rec t ions were 
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given in an abbreviated form. These points of retestlng 

were established on the basis of Davidoff's report10 In 

which the peak of effectiveness for each drug is indioated. 

It was intended that retestlng at these points covered the 

general range during the peak of effectiveness of both drugs. 

At each of these Intervals the blood pressure and heart rate 

were again recorded. Between the forty-five and seventy-

minute testings, the subjects were instructed to report 

their awareness of how they 'felt' to the nurse. This 

information was similarily recorded. 

5. The Statistical Analysis. 

This seotion offers e description of the statistical 

techniques applied to the results of the HAIT testings and 

also the measures of inferred physiological change accom­

panying the drug and placebo conditions. In order to main­

tain clarity of presentation this section will be further 

subdivided into two subsections. Subsection A will include 

the treatment of the raw SAIT readings originally expressed 

in microamperes and also the procedure followed in estab­

lishing the reliability of the inhibition sums obtained on 

both sessions. Subsection B will oonvey a brief presentation 

10 Eugene Davidoff, "A Gomparison of the Stimulating 
Effect of Amphetamine, Dextroamphetamine and Dextro-K-Methyl 
Amphetamine (Dextro-Deaoxyephedrine)", reprinted from Medical 
Records. Vol. 156, July, 1943, p. 422-424. 
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of the analysis applied to the descriptive data of the 

population. It will also include the method of analysis 

applied to the accessory and supportive data which was 

derived from the measures of physiological change. 

A. Conversion of the Haw KAIT Readings and 
the Kellability of the Inhibition Sum. 

Following the precedence of Barry, the microampere 

readings taken directly from the HAIT apparatus were con­

verted to foot-candle measurements according to the scale 

provided in his report.^ 

Since it was not the intention of this researcher to 

further investigate the validity and reliability of the KAIT 

apparatus, and in view of the results already obtained in 

previous experimentation with the apparatus, the algebrai­

cally determined Inhibition sum constituted the expression 

of reactive cortical inhibition. The inhibition sum was the 

difference between the threshold values obtained on trials 

one and six, for both sessions. It was assumed also, from 

previous researoh, that the inhibition sums obtained on 

Sessions I and II, If not significantly different, were 

reflecting the inter-trial reliability of the instrument. 

Since two sets of six trials were given at eaoh 

testing, eaoh set yielding an independent inhibition sum, it 

11 Barry, OP. Cit.. p. 45. 
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would be expeditious to combine these values and then use 

the mean for subsequent computations. In order to accomplish 

this reduction of data the consistency of the inhibition 

sums for Sessions I and. II for the three testings was estab­

lished to prevent unwarranted simplification of the results. 
12 This was accomplished according to the formula: 

r s 

NXXY - (2X.) (XYfl** 

Z& - (21X2)] [HZY* -(iy2)] 

.From the obtained r e s u l t s of t h i s technique, a t t e s t of the 

significance of the corre la t ions was carried out according 

to the formulat 

t = r 

On the basis of tho r e s u l t s of the above techniques, 

the pre-drug and post-drug inh ib i t ion sums were compared for 

each group. These comparisons were uuade using the mean 

inh ib i t ion sum for each group for both pra-drug and post-drug 

t e s t ings using a t t e s t of the means from correlated data 

employing the formula: 

12 J . P . Guilford, Fundamental S t a t i s t i c s in Psycho­
logy and Education. Uew Ifork, McGraw-Hill, 1956, p . 140. 
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t = u 

6"d 

where <ra = f^f *• O l § - 2 r fMx e~M$ 

and o M * 
/ H - 1 

B. Supplet&antal Data. 

Independent ly of the t rea tment of the WAIT d a t a , t h e 

s i m i l a r i t y of the groups was examined and the e f f e o t s of t he 

drugs were eva lua ted according to t h e measures of phys io ­

l o g i c a l change. The comparabi l i ty of the t h r e e groups wss 

e s t a b l i s h e d on t h e b a s i s of two f a o t o r s : mean age and mean 

weight , according to the formula: 

t = P 

<rd 

where <fd = 

and ft& -

jrm - <r*2 

nrz 
The f l u c t u a t i o n s of the obtained blood p r e s s u r e s and 

h e a r t r a t e s fo r eaoh group dur ing both the p re -d rug and pos t -

drug cond i t i ons were a l s o examined according to the formula 

above i n o rde r to a s s e s s the a c t i o n of t h e drugs i n terms of 
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autonomic nervous system arousal. The final chapter will 

present the results of the total analytical process and an 

appropriate discussion in the light of implications toward 

current concepts of reactive cortical inhibition. 



CHAPTER III 

RESULTS AND DISCUSSION 

The presentation of this chapter will again be 

facilitated by division into sections. Section One includes 

a discussion of the combined screening procedure and the 

resulting groups on the basis of the drug administration. 

Section Two presents the results of the correlation techni­

que applied to the inhibition sums and the subsequent resul­

ting comparisons. Section Three discusses the physiological 

changes whieh were manifested following the administration of 

the pharmacological agents, and the final section proposes a 

synthesis of the results. 

1. The fie suits of the Screening and Drug 
Administration. 

The ooabined soreening procedure described In Chapter 

Two resulted in the elimination of sixteen volunteers from 

the original sample population. Two persons were excluded 

because of falling below the age limit, ten persons were 

automatically excluded because no medical records were 

available for them, two persons were excluded because of hyper­

tension, one person because of color blindness and one person 

because of a past history of aoute anxiety attacks. The ex­

perimental population then, on the basis of the combined 

screening criteria, was sixty volunteers. 
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following the administration of the drugs and placebo 

the t o t a l group was d i f ferent ia ted into three groups of nine­

teen subjects on the basis of what agent each had received. 

The descr ip t ive data pertaining to the three groups appears 
p in Tables 1 and I I on pages twenty-four and twenty-five. 

2 . The Inhibi t ion Sum. 

As was s ta ted previously, the a lgebra ica l ly de te r ­

mined inh ib i t ion sum consti tuted the measure of react ive 

co r t i ca l i nh ib i t i on . If i t could be established tha t the 

group mean differences between Sessions I and I I for a l l t e s ­

t ings were not s t a t i s t i c a l l y s ign i f i can t , then these values 

could be combined in some manner with j u s t i f i c a t i o n . Follow­

ing the appl icat ion of the s t a t i s t i c a l techniques to obtain 

f i r s t , a corre la t ion between the two values and second, the 

significance of the differences between the correlated means, 

the necessary conditions were not met. 

A s igni f icant mean difference for the placebo group 

was found on the seventy-minute t e s t i ng . For both the amphe­

tamine and d-amphetamine groups s igni f icant mean differences 

were sscertained on the for ty- f ive minute and seventy-minute 

1 Three subjects fa i led to report for the experisient. 

2 Coding of the groups w i l l appear in the tab les 
throughout t h i s chapter as follows: I -Placebo, II-Amphetamine, 
and III-d-Afliphetamine. 
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Table I.-

Data for the t Tests of Significance of the Mean Ages 
"~ the Three Groups. 

oroupa Means s »m Diff. "d 
(N=l§) 

I 
II 

I 
III 

II 
III 

25.10 
24.97 

25.10 
26.16 

24.97 
£6.16 

3.22 
3.10 

5.22 
5.70 

3.10 
5.70 

1.277 

o.eoo 
1.277 
1.376 

0.800 
1.376 

0.13 

1.06 

1.19 

1.506 

1.877 

1 .592 

t Slg. 

.0863 

.5647 

.7475 

a Expressed in years. 
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Table II.-

Data for the t Tests of Significance of the Mean Body Weights 
of the Three Croups 

Croups 
(N=19) 

I 
II 

I 
III 

II 
III 

Means 

145.58 
142.75 

145.58 
132.90 

142.75 
132.90 

6" 

21.95 
23.70 

21.95 
13.02 

23.70 
13.02 

©m 

5.136 
5.199 

5.136 
2,773 

5.199 
2.773 

Dlff. 

2.85 

12.68 

9.85 

«d 

7.308 

5.831 

5.892 

t, 

0.3872 

2.1743 

1.6717 

Sig. 

— 

.05 

--
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t e s t i n g s . The data for these comparisons appear in summary 

in Table I I I on the following page. 

Because of the s igni f icant mean differences which 

were found, i t was necessary to compare the pre-drug and post-

drug inhib i t ion sums independently for Session I and 

Session I I on a l l three occasions. From the data presented 

in Tables IV and V, pages twenty-eight and twenty-nine, i t 

may be seen tha t there were no s igni f icant changes in the 

inh ib i t ion sums from the pre-drug level of any group. This 

r e l a t i v e constancy of the Inhibi t ion sum throughout the 

experimental conditions wi l l be 0I2r i f led in view of the data 

summarising the arousal effects of the drugs which i s d i s ­

cussed in the next sect ion. 

3 . The Systemic Changes. 

The f luctuat ions in blood pressure and hear t r a t e 

following the ingest ion of sympathomimetic drugs are under­

stood to be re f lec t ing the degree of arousal due to the action 

of the drugs. Beoause of the s t imulat ing action of the drugs 

used, i t would be expected that the above indices would mani­

f e s t a s t a t e of increased a c t i v i t y of the autonomic nervous 

system. Contrary to expectat ions, the trend observed was 

toward a s t a t e of decreased a c t i v i t y . The s igni f icant drop 

in s y s t l o l i c blood pressure measurements which occurred v.ith 

the placebo group at the seventy-minute t e s t i ng , and with the 

d-amphetamlne group a t both the for ty- f ive and seventy-minute 
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Table I I I . -

Data fo r the .t Tests of S ign i f i cance of the Corre la ted Mean 
I n h i b i t i o n Sums of the Three Croups. 

Croups Test ing Mean c" Mean o" r/Jt t S ig . 
(N»19) I I I 

Pre-Drug 
43-minute 
70-minute 

Pra-Drug 
45-minute 
70-minute 

Pre-Drug 
45-minute 
70-minute 

4.37 
6.10 
4.63 

7.36 
8.74 
7.79 

1.53 
1.11 
3.53 

6.58 
20.79 
0.07 

32.99 
16.39 
15.82 

5.32 
3.28 
4.32 

3.47 
2.47 
1.74 

4.26 
2.47 
1.26 

1.21 
-.47 
1.53 

9.28 
4.39 
0.49 

13.16 
7.82 
7.89 

5.20 
4.34 
3.05 

.804 

.689 

.251 

.902 

.112 

.053 

.719 

.340 

.145 

5.586 
3.919 
1.069 

8.601 
0.490 
0.219 

4.263 
1.491 
0.620 

.01 

.01 

.01 

.01 
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Table IV.-

Data for the t Testa of Significance of the Mean Inhibition 
Sums of the Three Croups on Session I. 

Croups Testings Mean 
(N-19) 

6- <% Diff. <*a t Sig. 

I Pre-Drug 4.37 
45-minute 6.10 

Pre-Drug 4.37 
70-minute 4.63 

II Pre-Drug 7.36 
45-minute 8.74 

Pre-Drug 7.36 
70-minute 7.79 

III Pre-Drug 1.S3 
45-minute 1.11 

Pre-Drug 1.53 
70-minute 3.53 

8.58 
80.79 

8.58 
0.07 

32.99 
16.39 

32.99 
15.82 

5.52 
3.28 

5.52 
4.32 

2.023 
4.900 

£.023 
0.017 

7.778 
3.864 

7.778 
3.729 

1.301 
0.772 

1.301 
1.019 

1.73 

0.26 

1.66 

0.43 

0.42 

2.00 

5.301 

2.023 

8.864 

8.643 

1.512 

1.653 

0.3264 

0.1285 

0.1895 

0.0498 

0.2778 

1.2099 
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Table ?.-

Data for the t Testa of Significance of the Mean Inhibition 
Sums of the Three Croups on Session II. 

Croups 
(H-19) 

1 

II 

III 

Testings 

Pre-Drug 
45-minute 

Pre-Drug 
70-minute 

Pra-Drug 
45-minute 

Pre-Drag 
70-minute 

Pre-Drug 
45-minute 

Pre-Drug 
70-minute 

Mean 

3.47 
2.47 

3.47 
1.74 

4.26 
£.47 

4.26 
1.26 

1.21 
-.47 

1.21 
1.53 

6* 

9.28 
4.39 

9.28 
0.49 

13.16 
7.82 

13.15 
7.89 

5.20 
4.34 

5.20 
3.05 

^m 

2.187 
1.035 

2.187 
0.115 

3.102 
1.844 

3.102 
1.861 

1.225 
1.024 

1.225 
0.719 

Diff. 

1.00 

1.73 

1.79 

3.00 

1.68 

0.32 

<5"d 

2.419 

2.191 

2.414 

3.617 

1.596 

1.420 

t Sig. 

0.4134 — 

0.7896 — 

0.7415 — 

0.8294 — 

1.0526 — 

0.2254 — 
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testings, is not completely supported by the fluctuations of 

diastolic blood pressure and heart rate. Briefly stated, the 

drugs were ineffective in producing arousal and an unex-

plainable reaction occurred in the placebo group. The summary 

data for the systemic changes appears in Tables VI, VII, and 

VIII on the following pages. Appropriately, however, other 

considerations will be discussed In the following section. 

4. Synthesis of the Results. 

A complete explanation of the obtained results must 

also take Into account factors of paramount importance — the 

validity and reliability of the KAIT apparatus as a tool for 

the assessment of reactive cortical inhibition. In view of 

the studies of Barry and Kovatoh,* this writer is prepared 

to accept the inhibition sum obtained from the NAIT apparatus 

as a measure of reactive cortical inhibition. Furthermore, 

the reliability of the inhibition sum in this experiment has 

been seen in the pre-drug measurements for the three groups. 

The significant differences in the inhibition sums which 

were found at the forty-five and seventy-minute testings 

were common to the three groups and cannot, therefore, be 

rightfully attributed to the action of the drugs exclusively. 

3 Barry, Op. ult. 

4 Kovatoh, Op. Cit. 
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Table VI . -

Data for the £ Testa of Significance of the Pra-Drug and Post -
Drug Mean Systol ic Blood Pressures for the Three Croups.8 

Groups Headings 
(N=19) 

Means e~ 'm Diff. *d Sig. 

Pre-Drug 123.10 10.47 
45-minute 113.04 12.42 

2.586 10.06 3.918 2.5684 .02 
2.926 

Pra-Drug 123,10 10.47 
70-mlnut e 109.26 12.24 

2.586 13.84 3.561 3.8865 .01 
2.446 

II 

III 

Pre-Drug 
45-minute 

Pre-Drug 
70-minute 

Pre-Drug 
45-minute 

Pre-Drug 
70-minute 

117.80 
111.53 

117.80 
112.95 

121.88 
108.58 

121.86 
108.47 

14 .13 
11.94 

14.13 
10.77 

10.29 
9.93 

10.29 
8 .73 

3.424 
2.892 

3.424 
2.672 

2.582 
2.503 

2.582 
2.035 

6.27 

4.85 

13.50 

13.41 

4.446 

4.344 

3.596 

3.287 

1.4102 

1.1165 

3.6985 

4.0797 

""•*•• 

— 

. 0 1 

. 0 1 

a Values expressed in millimeters of mercury. 
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Table V I I . -

Data fo r t h e t Tes ts of S ign i f i cance of t h e Pre-Drug and Post-
Drug Mean DTasto l ic Blood P re s su re s f o r t h e Three Croups . a 

Croup* Readings Means o" ^m Diff. ffd t Sig . 
(N=19) *" 

I Pre-Drug 77.95 5.61 1.426 0.05 2.306 0.0217 
45-minute 77.00 7.47 1.815 

Pre-Drug 77.95 5.61 1.426 4.27 2.196 1.1944 
70-minute 73-68 6.66 1.652 

II Pre-Drug 71.31 6.84 1.986 0.94 2.752 0.3416 
45-minute 70.37 8.01 1.892 

Pre-Drug 71.31 8.e4 1.986 0.27 2.682 0.1007 
70-minute 71.58 7.44 1.788 

III Pre-Drug 75.42 7.62 1.599 3.84 2.350 1.6340 
45-minute 71.56 6.84 1.721 

Pre-Drug 75.42 7.62 1.599 3.84 2.312 1.6609 
70-minute 71.58 6.84 1.787 

a Values expressed in millimeters of mercury. 
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Table VIII.-

Data for the t lasts of Significance of the ̂ re-Drug and Post-
Drug Mean Heart Rates for the Three Groups.a 

Croups Readings Means 
(N«19) 

<% Diff. °d Sig. 

I Pre-Drug 78.15 9.75 2.355 2.70 3.088 0.8743 
45-minute 75.45 8.49 1,997 

Pre-Drug 78.15 9.75 2.355 4.89 3.006 1.6267 
70-minute 73.26 7.44 1.868 

II Pra-Drug 76.95 9.03 2.164 4.42 2.841 1.5558 
45-minute 74.53 7.65 1.841 

Pra-Drug 78.95 9.03 2.164 6.30 2,944 2.1399 
70-minute 72.65 8.61 1.909 

III Pre-Drug 81.95 10.32 2.401 6.84 3.167 2.1598 
45-minute 75.11 8.91 2.065 

Pre-Drug 81.95 10.32 2.401 9.30 3.431 2.7106 
70-minute 72.65 9.57 2.449 

.05 

.05 

.02 

a Based on one-minute readings. 
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An analysis of the individual response curves of the 

three groups revealed that learning was not operative, the 

slope of the curves being in an upward direction. The 

effects of learning are discernible in a declining curve. 

Another factor considered was the 'set' of the subjects as 

they performed the experimental task. This was discounted 

because the basal level of Session II remained at that of 

Session I. 

The hypothesis advanced by the writer to account for 

the significant mean differences between the inhibition sums 

of Session I and Sesalon II is erratic performance of the 

subjects upon retestlng as a function of fatigue. Previous 

reliability coefficients obtained for the Inhibition sum were 

based on a single testing period of a shorter duration. 

Testing in this experiment extended over a period of ninety 

minutes during which time each subject was required to per­

form a total of thirty-six trials on the NAIT apparatus. A 

perusal of the comments of the subjects collected over the 

ninety-minute period provided verification of this inasmuch as 

they reflected fatigue, boredom ana, at times, irritation 

with the experimental task. It may be reasoned therefore, 

that the subjects' attitudes during the latter part of the 

experiment Influenced and contaminated performance. 

Pertinent to this contention is the fact that the 

drugs failed to produce an offsetting condition of a 
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• feel ing-of-weH-being' which generally accompanies the 

st imulating aotlon. Paradoxically, the drugs produced 

* fee l ings ' of re laxat ion which might be considered as prepara­

tory or preceding actual s t imulat ion. An analysis of the 

data which wae collected regarding possible extraneous stimu­

la t ion r e su l t ing from coffee, tea or tobacoo indicated tha t 

the i r possible influence was neg l ig ib le . 

The Interplay of the factors which have been d i s ­

cussed in th i s section undoubtedly must be Interpreted In 

combination with the ineffectiveness of the pharmacological 

agents . The resul tant of such an In terpre ta t ion c l a r i f i e s 

the fac t that no s t a t i s t i c a l l y s ignif icant differences between 

the pre-drug and post-drug mean inh ib i t ion sums were found. 

On the basis of the obtained r e s u l t s , the nul l hypothesis 

that ' t h . r e wi l l be no s igni f icant differences between the pre-

drug and post-drug Inhibi t ion sums of groups of subjeots a f t e r 

receiving a stimulant drug or a placebo' cannot be r e j ec ted . 



SUMMARY AND CONCLUSIONS 

This paper reported on an Investigation of the 

effects of two stimulant drugs on the negative after-image 

threshold whieh was interpreted as being a measure of reactive 

cortical inhibition. The relatedness of the problem of pre­

vious research efforts was confirmed with a pertinent review 

of studies conducted to date. Various statements regarding 

the phenomenon of reactive cortical inhibition were presented 

with both acknowledgement and criticism. 

Following this review of previous researoh, the prob­

lem was defined in terms of an experimental hypothesis that 

'there will be no significant differences between the pre-

drug and post-drug inhibition sums of groups of subjects after 

receiving either a stimulant drug or a placebo'. An explicit 

statement of the method followed to test the hypothesis as 

well as a description of the population and statistical evalua­

tion were presented in the context of the experimental design, 

an attempt being made to utilize to a maximum the contributions 

of other authors. 

The results of the experl&ent were then reported and 

discussed, an attempt being made to account for the unexpected 

findings. These findings cannot be legitimately evaluated 

within the perspective of contemporary theories and hypotheses. 
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The possibilities for future researoh studies con­

cerning the reactive inhibition phenomenon remain many and 

varied. Before proceeding further with the method of inves­

tigation offered by the NAIT apparatus, however, an endeavour 

must be made to determine the influence of the subjects' 

attitudes with regard to the experimental task. Other studies 

should investigate again the effects of stimulant drugs on 

the negative after-image threshold. Different types of 

physiological imbalances may also be approached via the nega­

tive after-image phenomenon. 
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APPFUD1X 1 

ABSTRACT OF 

The Kffeet of St ls tu lant Drugs on the Negative 
After-image Threshold^ 

Severa l t h e o r i e s and hypotheses r ega rd ing the na tu re 

and mechanisms of r e a c t i v e c o r t i c a l i n h i b i t i o n have been ad­

vanced and subsequent ly i n v e s t i g a t e d v i a a f te r - image phenomena. 

The d e f i n i t i v e d e s c r i p t i o n has ye t t o be w r i t t e n . 

t h i s s tudy i n v e s t i g a t e d r e a c t i v e c o r t i c a l i n h i b i t i o n 

by eva lua t ing t h e e f f e c t s of t en mi l l ig rams of amphetamine 

and f i v e mi l l ig rams of d-amphetamine on the nega t ive a f t e r ­

image t h r e s h o l d . A new appara tus designed to produce the 

nega t ive a f te r - image was employed as the p r i n c i p a l t o o l . The 

r e sea rch was conducted with a popula t ion of g radua te s t u d e n t s 

and gradua te n u r s e s . 

The mean i n h i b i t i o n sums determined from the th resho ld 

va lues fo r eaoh group permi t t ed the p re -d ru? and pos t -drug 

comparisons using £ t e s t s . On tho b a s i s of t h i s method, the 

n u l l hypothes i s was not r e j e c t e d . The i n t e r p r e t a t i o n of the 

f i nd ings considered two r e l e v a n t f a c t o r s , the i n e f f e c t i v e n e s s 

of the drugs in producing a rousa l and the s u b j e c t s ' a t t i t u d e s . 
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