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In reviewing the experimental literature concerned with

drug effects on copitive nerformance of normal buma adults,

one observes a such greater freeuency of deeradation tham of

enhancement.

And yet en.cemnt -of performance vould appear to be the

more £nterestinp aspect of druq effects, from both theoretical

and practical viewpoints. It does not appear remarkable "hat

the Introduction of some foreitu molecule into the body uiht

distufb its functioninf, but it i,-ould seem renearkable that a

simple chemical compound could .improve, even tevorariZly,upon

the effects of myriad geuerations of natural selection. It

would arpear particularly surprising when the performance in-

volves co itive ahenomena.

Less mystifying would be a demonstration that cornitive

enhancement miust be deffte, situationally. A drup nay exert

its "enhancing" influence through antatonism of some basic

lrepared under Contract Nonr 4423 (00) for the Physplo.o ieal
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bodily survival echanism such as fear, fatipue, react.ve'lhJbition,

etc. Thus. an effect vhich should be considered as "behavioral

toxicity" in some situations inight be beneficial in certain other

situations. It rould seem likely that the modern world is quite

full of situations in which such criteria apply: namely, that a

"basic survival mechanism" may be riaadnptive.

Since biological man can be described as the result of the

years of natural selection be.un, in Pre-mamnalian tivies, the

influence of the lpst few centuries, or indeed mil.lrdna, should

be slight. Yet the worl]', o d its requirements iFor human behavior,

have chanoed a great de:.J during thin tiy fractio.i of man's

tenure. Figh susceptibility to bo-edor or reactive inhibition

was probably of much value to the primitive huntin, and hunted

creature, for whom variability of behavior v'as at a premitun. It

is frecuentlv of nepati.ve value to the age-of-specializntJl.n ,an.

The acute stress syndrome was li!,ely of vlup ,hen te €-. tressor

was a bungry carnivore, and the arrronrinte resport,. vas fiaht

or flight, Yet it could be of neFat.ve va3ue w:len the ,tre;ssor

is a final examination or an air rttacl-, and thc neod,1 respon'3e

involves complex perceptual-iotor or cognitive perforrw1.. The

Verkes-Dodson Princi.ple imp ies that stress reoctions mitht often

be too severe in modern---?.or1d .situntions.

The drug, effects involved in there exan.rles cmn be retarded

as temporary, selective hilterfererce v:f:t one or more suc.,

.. . . i IIII. _,.L ' J' . . _ , .. ... F -3-
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mechanisms. Thus, a "tranquilizer" interferes with the stress

mechanism. A " stimulant," regarded frova this viewpoint, does

not "hop up" the mental machinery' rather, it interferes with

fatigue or boredom mechanisms. There seems to be a widespread

oninion that stimulants such as d.-mphetamine operate in a manner

analogous to making a comuter worl: faster by increasing the input

voltape--inspired, in part, from. analogy with these drues' peripheral

syrnathomimetic effects. Yet the pbrmacolo-ical m.echanisms for

these two classes of effects, central aud peripheral, cannot be

profitably correlated. Essentially, we 4ust don't know how these

drugs exert their "c..S-st.iulatory" properties.

The selective interference vi(eioint is concerned with cognitive

effects, and not witl' effector nhenomena such as physical strength,

endurance, manual steadiness, etc. where the mediating mechanisms

may well be qui.te Mlfferent. It represents something of a broaden-

ing of Barmack's (P.31) cnvlier view that enhancement cin be ex-

pected from stimulants such as the apbetamines only when nerformance

has been depraded by fati-,ue or boredom. The selective interference

viewpoint includes other potertol] sources of de*rcdation, such as

stress or anxiety, which may be antnonftel by certain "stiulants"

as well as by the "ataractic" CPS depre,.snts.

Toward Oper.tionally-Def.ned lypotheses

To test the value of the selective interference viewpoint, it

is necessary to derive to:st.ble nred.ctions, or the formn "Performsnce

may be enhanced by drues in Situation X, but ,All not be enhanced
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in Situation X2," The differences betveen the two situations

would be the presence versus absence of some "survival nechanism"

Inappropriate to the general situation, Xi. In the case of

fatiue from sleep deprivation, tie dWfining pronertles are easily

derived. Then reaetive Inhibition or stimulus satiatlon is tbouprht

to be involved, the defininq properties can be nenipulated in

terms of Inter-trial spacin, variabilltv of sti.uli and/or

response require ents, etc. .hen erotional stress is involved,

defining Properties could involve the vresence versus Absence of

some extrinsiic stressor such as electric shock, e.-o stressee In-

duced by the exnerimentcr, etc.

More difficulty is encomutered with, tle definino properties

when the stress is believed to be intrinsic to the task. This

problem wIll be discussed in more detail later, when a fr.mework

is suggested for mniulatin, the defining, pronerties in "task-

induced" stress situations.

E.vidence

Consider, first, the situations in which cognitive performance

enhancement has been observed with the various "cOS sti.ulants:"

caffeine, aumhetamines, ;n1d other druns whose effects include

osychoanaleptic components.

Shortly after discovery of the "stinulatory" pronerties of

the amphetamines, some investipetors (e.e., Sar'ent & Bla.ckburn,

1936: Molitch & E.ccles, 1.1937; 'ol .tch & Sulivan, P 37) reported

-"wp "r, i



that these drugs Increase test Intelligence. These results were not

confirmed, hovever, In subsequent studies (e.?,., Paruackv 1940; Cutler,

Little, G Strauss, l940; "orris, flaceillivray, & Mathieson, 1955).

Other Investigators (Andrews, 1940-. Colla, Blackburn, & Crisham, 1940:,

Becht & Sarg~ent, 1941; Flory & Cilbert, 1943;. Duker & Duker, 1960;

Nash, 1962: and Evans & Smith, 1963) have tested the effects of

amphetamines on a vide variety of higher mental fnton, Includin

numerous meiisurep of Intellit~ence an,, reasoning ability, with results

ranging In eaeral froms no observed effect to a modest facilitation.

In general, it would seem that short-term Intellectual performance,

where boredom Is not a factor, is 'either marktedly nor consistently

enhanced by amphetamines. The occumulated evidence stgeste one of

two conclusions: 1Fitber (1) The :Positive" findinsts of some Investi-

gators are artifactual, due to absence of critical controls (allowance

for repression and serial effects, use of double-blInd techniques,

etc.), as is Implied by tleiss f. Laties in reviewina intellectual

performance effects of caffeine and amphetemines (1962, pa. 18-21), or

(2) Amphetamines do exert a facilitt-tive influence, but of such utv~11

magnitude tha't statistical significance Is often not obtained, being

a function of test reliabillty, number of subjects, end the working

of chanc~e. Any real effect of this size could well be due to motiva-

tiona: rather thntn cogi'itive mechanisms, as im~plied by Evans & Smith

(1963) in consideration of mood effects of these drugs. (To be dis-

cussed subsequently). In either case, the irtrlication is that very



little gain Is to be exmected in the way of Intellectual capaoty

by the use of caffeine or amphetamines as opposed to Inproved per-

sonnel selection.

A strikingly diffezent picture is obtained when we view the

effects of stimulants In situations in which cognitive performance

might ordinarily suffer from boredom effects. For example,

flollarwvorth (1912) found Improvements in typin, ndt co.or-naming

with caffeine, and both he and Lehi',tnn & Ccank (1957) reported

ir.rovements in cancellation tests. Vith amnhetanine, Improvements

In adding and multiplication ,ere observed by Kleemeier & leeqeler

(1947), and in cancellation by Ty!er (1947) and by Lehm'ann & Csank

(1957). !'ith methyinhenidate, Vondracek & !'artanova (1959) obtained

improvement at subtraction and repeating of figures. Perhaps the

most striking mitigption of boredom effects has been observed in

tasks of a vigilance nature, Ohere strong positive effects have

been obtained with amphetemines by 'fackw7orth (1950), "ayne & Hauty

(1954), Payne, Hauty, & ?Yoore (1957), arnd Nornetsky, f'trsky, Kessler,

and Dorff (1959), and with mephentermine and pipraorol by rayne &

Foore (1955).

With some exceptions, the foreoing data seem to support a

"selective interference" viewpoint. ".qhon motivation Is normally

at a level appropriate to task demands, as it nresurnably is in the

usual mental test situation, drurs elicit scant improvement in

performance. !hen it is deRraded, substantial. ains can he made.
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If m~ can attribute the de!eradrtion to mechanisms such as boredom-~ an#

fatF'ue, the Interference viewnoint Is upheld.

Conqider, not;, the evidence vith repard to "01!S depressents:"

sedatives, trrnouilizers, op~iates, alcohol, or other drugs with

varying~ psycholeptic components. There is n very larre body of

evidence, 'vhich will not be rcvielwee here, that deprecssents usually

Impair task performance in nepi-disturbed subjects. These results

are, in general, unrm--arkr'ble. 1 ver "tranqiuilizers," which are

sometimes not classed asI,-esat, oenerally e.:-crt siae depressing

effect if the dosag~e is laroe enouf1' or the iroisurement sufficiently

sensitive. Of preater thenretic.-il Interest Is the occasional finding,

in particular situations, of perforra!nce e,:kincer~ent.

Of the relatively few instances In !Y'hicb enhancertent bas been

reported for such agents, the innaority seent to Involve use of the

drug to allay interferin? emiotional responses due to some "stress-

ful" aspect of the tasi: or situation. Thus. TIMl, Yornetshty, Planary

& "'thier (1952) found that rtornbine tends to restore reaiction ti'tes

tow-ard normal levels when tbey have beer 1enr~thened by fear of shock.

Holliday & Dille (1958) found, w'ithx a pointer-pursit tak, that

800 mv,. of meprobanate terided to a.bolish the disruntive effects of

anxiety induced by an rutomobiJlc horn,, air blasts, and electric

shock (used as puniishment for time off tnr,*et). Interestinqly,

fiprovement fror ,nerrobamate over the nleco1bo bnse T-Yn rioted only

on the intersperse6 "non-numnishienit" triaiis, %'hicb were presumably

more stressful than tho!,,e on .lich punishriont actually occurre~d.



Hatlin (1964) found that chronic adinistration of chiordiazepoxide

(10 tg. twice daily for two weeks In the g~uise of vicanl'as) improved

productivity In 64 "retarded" workers who were believed to have been

suffering from tensions, Instabilities, and neuroses. Unfortunately

no placebo controlx were used. Granting that the strvgest ion effect

was reduced by administration in the guise of vit&,mins, there is

still the problem of reareseion ohenomena.

Uhr, Platt, Fox & MTiller (1964) observed that oi sinle 1600 mg.

dose of meprobamiate si!'nificantly Improved performance on the

M~ichigan Continuous Attention Task, which was administered under

stressful conditions (shi~z trials intersnersed with non-shock

trials). The interpretation la obscured, In that Improvement

occurred under non-shock as welt as shock conditions, with the

shock x, drug interaction beinpi nonsignificant. The autbors suqpest

that a punishment-anticipation effect wrny have been respousible for

the drurt's effect on the non-shock trials. (Compare vit Hlolliday

& Dille, above.) This conclusion is stren ,tbeved by previous findings

by Thwnsend (1957) and by Celly ct alZ (195F) of no significant effects

for meprobamate on somewhat similar monitoring tankcs performed in the

absence of shock stress.

While such perceptual-notor enhancement by CIMS depressants is of

significance, it Is even more notew7orthy that enhancement of cognitive

performance has occosionally been elicited by such drugs.

Ritter, Sells, & Ifebane (11958) studied 'the effects of 400 rnp.

meprobatuate, as orposed to 2 m(,. riinrnnrol, 10 mr!. mcthylpb'enidate,,
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placebo, or no capsule, u on a variety of anxiety and performance

indices. They obtained an F-ratio significant at p<.Cl on the

Wechsler digIt-symbol substitution test, with all three drug groups

markedly excellinp. the placebo group. They remark, however, that

interpretation is Impossible because the no capsule group also

markedly excelled the placebo group. Interpretation of the results of

this powerful (1*225) study is subject to the further findinq

that reported comfort was sicnificntly loier in the no capsule group

than in any other. Tht. ., the nlncebo effect was nei.atIve for per-

formance but positive for comfort. One mit'ht infer accordinrly that

increased anxiety facilitated performance, but this couclusion is at

variance with the facilitative effoert reported for meprobamate.

Burnstein & Dorfman (1959) obtaied a reliable 17% reduction in

learning time In a complex memory task with 1200 mug. meprobamate.

The authors indicate that a relatively high level of aw.:icty or

emotionality wos involved in this situation, due to the high degree

of inter-item competition.

Korman, Knopf & Austin (196l) found that serial learning under

shock stress conditions was slilitly but sionificantly enhanced by

a mild (30 ml.) dose of ethyl glcobol. The results are interpreted

as forming on exception to "the dictum of Jellinel, & .cFarland (1940)

that alcohol has a depressing effect on all psycbological functions

yet measured." Of additionrl signficance, and In accord with the

authors' hypothesis, the control (non-atregs) Proups shoted poorer

performance under alcohol. Pimascio (1963) also investigated competitive

____ ___ ___ ____ ___ ___ _ - ~.- - -- ~ Y - - a.- ...- ~



paired-asbociate learningt (CPAL) under various C-19 depressants:

phenyltoloxamine, 100 and 200 mg..* secobarbital, 50 and 100 nil,

'7 and meprobamate, 200 and 400 up. The college student subjects,

,who served as their own controls (placebo), required sF'z'ificantly

fewer learning trials to rev'ch criterion under the hi:?her doses of

seprobmnte and phenyltoloxamine, and tended (pa.10) to make fever

errors In the process. Paradoxically, the lover dose of phetsyl-

toloxamine significantly increased the numiber of trials to criterion.

The "anxiety" or "stress" factor again enters the picture in the

form of Taylor PIAS scores. These appeared to have no bearing on

CPAL under placebo, wherea's unidir E00 rig. seprobama.te the stibJects

with the higher flAS scores sic-nifien'ntly (p<.05) excelled those

with lower M!AS scores, both in rapidity of learning and In freedom from

errors during~ the learning process. There was a similar tendency

(pa.lO) under 50 mr~ secobarbital or 200 mR. phenyltoloxamine for

subjects with the hifiher W~AS scores to leirn the lists with fewer

errors than were made by those with lot!er TVAS score~s.

IRughes, Forniey, & Cates (1963) used delayed auditory feedback as

a stressor in evaluating effects on a variety of performance tests

of alcohol, benzquinamide, or a mixture of the two. They found that

the tranquilizer s~ignificantly fiproved pej ormance at reverse read-

ing and "subtraction plus seven." Alcohol eiiite ',enerally depressed

performance. Synerglism bettieen the two aents was not evident. Their

tranquilizer dato support the viewpoInt of enhancement tbrough selective

interference: their alcoliol dnta do not, and also ten'd to contradict
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Korman et at (1960). The difference bore may have resulted because

(1) different types of stressors were Involved, or (2) Huhes et at

used 45 ml. alcohol per 150 lb. of body welht, whereas Korean et at

used a standard 30 ml. dosage. Certainly, if alcohol is ever to en-

hance performance, one would expect the dosage level to be critical.

Evans & Smith (1963) measured performance in normal subjects, at

a variety of mental tasks, with either 10 iv.. d-amnbetamine sulfate,

or 16 ug. morphine sulfate, or both, versus lactose placebo. Tho

tasks, derived from Guilford's "structure of Intellect" model, com-

prised various tests classified according to the type of mental op-

eration demanded, i.e., Ivaluation, Convergent Production, Divergent

Production, Metory, and Cognition. Among the many drug effects

found, it is most Interesting that morphine enhanced the scores of all

three tests in the Evaluation category. The authors interpret this

finding as follows:

"uilford has stated that tests in the 1Fvaluation
category measure the ability of subjects to mo!,e a judg-
ment as to which is the correct response of a limited
number of possible alternatives. It mny be that tasks of
this type require a 'focusing' or the concentration of
attention on task relevaut cues will be benefited by the
decrease in excitmont and distractibility produced by
morphine. (Calloway & Stone, 1960)"

It would appear from these findings that the "depressant"

gioup operates in a manner quite analoroiin to the "stimulant"

group: performance may at times be enbanced, but only when it would

otherwise be degraded below some "normal optimum." In the case of

"stimulants," such deogradation would prL-sumably have resulted from

fatugue or boredom; in the case of the -derissants," the degradation
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Would have resulted from emotional stress. Note that all of the

"depressants" cited above have ataractic, as vell as psycholeptic,

properties.

In the studies cited, the "stress" involved vas presumably due

to the Introduction of some extraneous "stressor" into the task

situation: electric shock or delayed auditory feedback. The

Evans & Smith data cannot, however, be interpreted in this nanner.

The only possibility for a "selective interference" interpretation is

to assume that the stress yes inherent In the tasks themselves.

This introduces a whole net class of phenomena which might fruitfully

be explored for drug enhancement via "stimulants" and/or "depressants."

Certain task narameters--e.q., high input pacing in the presence of

certain perceptual and/or decision-making demands--appear to induce

a type of stress in the human operator. Many operational tasks

Involve these parameters. The occurrence of a "droooff" phenomenon,

a sharp performance decrement when input rate exceeds a critical

value, has been demonstrated in the laboratory by various investigta-

tors, e.g., Alluisi, Puller, & Fitts (1957), and Jeantheau (1959).

Results such as the foregoing are susceptible to at least two

alternative interpretations:

(1) The decrement is caused by "emotional" factors whidli inter-

fere with the optimal functioning of the human data-processing

machine, or,

(2) The decrement is merely a function of input queuing, due to

channel-capacity limitationn in the ori'an,,sm, !,,bch results in the

loss of inputs during short-term storage while awaiting processing.
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The latter Interpre; ation, which is derived from the slile-

channel hypotheses set forth by Rick & Velford (1956), Broadhent

(1957), and Velford (1960), does not exclude the former possibility

as a contributing factor.

To the extent that the first (emotional) factor operates to produce

a decrement, performance can be restored by any agent hich reduces

the undesirable emotional response to the task, but does not inter-

fere with the operator's normal ability to verforn the storage and

processing functions involved. Consequently, those stimulants pos-

sessing mood-active components miniht improve performance in such

situations, and the deorce of Improvement mi-ht in sone cases be

greater than with the "ateracti;" depressants.

One class of stimulants witb apnarent mood effects is the

amphetmine proup. There is some reason to believe that this

mood effect is of a nature that might block, selectively, the

emotional component of task-induced stress. If ve consider the

emotional stze-s factor to be something akin to fenr, then a

mood effect in the onposite direction is to be souaht. In this

respect, the effects of these druos are ambi.uous, but the bulk

of findinps with the amphetamines does Five some support to an

anti-fear postulate:

Voluntary expressions of increased confidence, such as the

feelin. "that it is relatively easy to nerform a task," were ob-

tained by Bahnsen, Jacobsen & Thesleff (193P). Decreases in

clinical reoorts of anxiety were obtained by Schilder (1938) nnd
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by Roe (1944). A decrease In rated anxiety of a "threatened"

group was reported by Lanxetta, Wendt, Lngham, & Haefuer (1956).

Uurst (1962) reported that A-asaphetemise produces increased risk-

taking in an experimental, uncertafo-outcom situation, where high

stresses of a monetary nature are involved. Smith & Beecher (1964)

found that mphetamine increases self-ratings of performance by

btudents taking calculus tests.

,On the negative side, Smith & Beecher (1960b) found that amphet-

mine induces pessimism with regard to swimming speed in a standard

course traversed by trained athletes. This may have been due to a di-

rect effect on time estimation, uhich tends to be increased by

amphetamines (cf. Frankenhauser, 105P: o.tistone, Boardman &

Lhamon, 1958). Hauty & Payne (1957) found Po sinificant effect

upon level of aspiration scores on the Air Force SAY task. The

dosages, however, were rather small (5 mR. d-amphetamine).

In apparent contradiction to the "jnti-stress" notion are

the studies of self-ratinps on mood factors, which have often

revealed increases in anxiety from amphetarines (Nowlis & Nowlis,

1956; Smith & Beecher, 1960ai Ross, Kruman, Lyerly & Clyde, 1962).

This may, however, be a semantic problei.: Increases in "Jitteri-

ness," etc., caused by direct or indirect M!S activation may

parallel cerebral effects involving increases In boldness and self-

confidence, as inferred from other adiectives checked by these same

subjects.
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To the extent that the second factor (sinnle queutng effect)

contributes to the observel1 decrement, no substantial drue enbance-

ments would be predicted from the selective interference viewvoint. To

offset this "aueuing" loss would require something like a lowering

of disiective reaction time, or an increase in short-term storage

capacity. Of the two fmilies of stltwlants most studied, the

amphetamines and the xanthine derivatives, little prof.d.se has been

shown either for reducing dis.junctive nT under normal conditions

(cf. Adler, Burkhardt, Ivy, & Atkirson, 1950; i.ornetsi-y, 1958), or

for increasing short-term storage car.city (cf. Brengelma-nn, 1958a,

1958b).

A study directly relevant to ts-Is auestion.,is that of Kenyon

& Pronko (1960), Oho observed tie effects of a capsule containing

10 mp,. d-amphetamine sulfate (versus placebo capsule, versus no

capsule) upon performance in a task containin-, both intrinsic and

extrinsic stressor elements. The task reouired the subjects to

read aloud and follm a series of sinlne statements that directed

them to make dial and switth ediustments on a panel before them. A

readino pacer provided the intrinsic stressor: extrinsic stressors

were delayed auditory feedback and threat of shock. No significant

differences in task time or number of pane]. operations were observed

amonn the three treatment conditions. .ote.orthy, nlso, is that a

similar study by Pronko & Kenyon (1.V59) fniled to show any consistent

differences in performance at this tasl: as a function of POO mR.



Sepo to versus placebo versus no capsule. Yet "stress" was

evidently present, since pulse rates avera in over 120 per minute

were obtained under all treatment conditions, and performance at

this task is normally degraded by the extrinsic stressor (id.).

It is Important to note, hoveer, that the performance measures were

C obtained at time intervals averagirsi. 15 to 25 inutes after ingestion

of the d-amphetaine or placebO carsules (oersonal. communication

from C. Y. Kenyon). This may not hove been a sufficiently lona

Interval to register maximum effects from the drugs.

In order to avoid conttm:ination of stress effects with vi!i lance

phenomena it might be deslrable to em'loy.a task of very short

duration, as was done by Kenyon & Pronko. An alternative would be

to sample behavior at various points in time, in a task of moderate

duration. Separate analyses over various time intervals should

permit separate assessment of druq effects upon phases of the

experiment in which fatigue/boredom decrements occur in control

groups. A factorial desi.n, permitting orthopona]. manipulation

of drug and stress variables, should permit clear interoretation,

in terms of the stress variable, of any drug effects upon perform-

ance. In terms of the druR variable it w.ould be desirable to employ

at least three drugs:

1. A "pure" psychoanalentic, stich as ninradrol or methyl-

phenidate, which exerts an alertin, function but has little effect

on mood.

-n n n -m •-m
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2. A "pure" ataractic such as cilorditepoxide (Librium),

which apparently has an anuiety-redting property at dosaaes

which have little vsycholeptic or amleptic effect.

3. D-auphetamnie, which has been postulated to have an ataractic

as well as a psychoanaleptic componeat.

These three drugs, when compared vith a no-drug condition, should

yield telling comparisons as the stressfulness of the task is mant-

pulated. This research strategy should yield evidence concerninp

the relative roles of Input queuin, and emotionality in the various

"dropoff" phenomena observeA in tasks havin.g high levels of Innut

pacing.

Such an eaveriment has just beeS cowleted by rurst G "Teldner

(1964), Involvine the administration of d-wmpletavnine sulfate (10

ug.), methylphenidate M!Cl (10 mg.), chlordiazepoxide (1 , and

no drug to separate treatment grouns. All drugs were administered

in disguised form, and separate "placebo effects" were obtained

by comparing the effects of the drugs with and tithout prior ad-

ministration of blank capsules. The task involved was the paced

sequential memory task of Lloyd, Reid & Fealloc!t (1960), and

extrinsic stress was manipulated by varyine the payoff condition:

fixed pay ($10.00), vs. payment based upon performance ($5.00 to

$15.00, graduated). This incentive variation seems to h~'ve effective-

ly increased the stressfulness of the situation, since the variable

payoff groups rated themselves 467 more anxious (p.'0O) than the

fixed payoff grouns on a !'klis ACT. adminintered lr mac!ately pre-

ceding the "payoff session."

___ ___ ___ __ _ ' - , -• n aism-
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The paced sequential memory test was iven twice. The first form,

under no payoff, was given 40 to 65 minutes after drug Inrestion, ,nd

the second, for fixed vs. variable eayolf, 95 to 145 minutes after

ingestion. The results were analysed by 12-minute Intervals. Superior

verfonmauce was manifested by the d-aenhetamine proups relative to the

other drug groups throughout all periods of both sessions. The other

two drug conditions varied fnconseauentially fro. no drug. The

superiorlty of d-ouphetanine declined as the testing progressed.

It was reliably superior to no drug at p<.02 durin, the first half

of the first session, and at p<.05 during the second half of the first

session. This superiority faded into Insinificance during the

second session except for the second 12-minute quarter. Placebo

effects were generally Insirnificant except during the first ouarter

of the second session, when a significant (p<.05) negative placebo

effect appeared. There w:as no significant main effect for the in-

centive ("stress") variable, nor did this interact significantly

with drug condition. There vas, however, a non-sif'nificent trend

for d-anhetamine and chlordiozepoxde scores to be hit,her (by 97,

and 10') under "hiph stress" as opposed to "low stress," whereas

the no dru, scores were 72 lower under high stress."

The appearance of a sionificant enhancement effect from d-

amphetamine during the first 12 minutes of testing supports the

vostulate of an "anti-stress" component. This improvement can

scarcely be attributed to fatigue or boredom atittation since it

tended to fade out during the later sta*-es of testinol. The tendency
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for d-amphetamine and cblordiatepoxide groups to perform relatively

better under greater stress also supports this viewpoint: virtually

all of d-aMphetamine's overall margin of superiority derives from the

data taken under "hioh stress."

One interesting aspect of these findInms is the unusually short

latency (40-52 rinutes) relvistered for the maximum enbancement effect

of .- amphetamine. Althouih this may have been due to the "stress"

effect being greatest enrly in the test session, an su..Pested, it

makes an interesting contrast ,-yith the results of Eysenck et al (1957)

and Smith & Beecher (1959), who obtained maximum increases In pursuit

performance an athletic performance, respectively, at considerably

greater latencies after administration of ar'.hetamines. Franks &

Trouton (1958) obtained significaut effects of d-amphetamlne on eye-

blink conditioning at a two-hour latency, but not at a 45-minute

latency. A possible interpretation is, in accord with the "two

component" hypothesis, that the earlier-peakin? mood-related effect

is responsible for the anti-stress results, end thpt the later-

peaking psychoanaleptic effect is responsible for enhancement of

motor performance. This interpretation gains some support from the

results of Frankenhaeuser & Post (1963), .ho measured objective and

subjective effects of d-amphetamine (15 rig.) or pentobarbital

(200 mg.) at successive 30-minute intervals over a two-hour period

followinR ingestion. PsychoanaleDtic effects would, ,resumably, be

reflected by self-ratinms on "sleepy," "tired," and "alert," nnd also

by objectively measured reaction speed. The anti-stress component
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aiht be expected to appear In self-ratings of "relaxed," "tense," and

"happy," and also In the discrepancy between "objective reaction speed"

and "subjective reaction speed" (the "optimism" effect).

"xainstion of these effects reveals that the "psychoanaleptic"

measures, "sleepy," "tired," and "alert," showed prooressave changes in

the expected directions until 90 minutes after inpestion of the d-amphet-

amine, with virtually no changes between 90 rinutes and 120 minutes

after Ingestion. "jectively measured reaction speed continued to

increase up to the termination of the experiment, 120 minutes post-

ingestion. Of the (here presumed) antl-stress measures, "tense"

decreased and "happy" increased durino the first 90 minutes, and

showed little change thereafter. H!owever, ratinp.s of "relaxed,"

while increasing markedly up to 60 rinutes post-ingestion, showyed a

marked decrease between 90 minutes and 121 minutes. "Subiective

reaction speed" reached a vronounced peak nt 90 minttes, ,.here it

reached 139% of the corresponding rlacebo value, but decreased to

about 1177 of the placebo value at 120 minutes. STnce objectively

measured speed was still increasin' during this last Intervail, this

comparison shows a marked decline In the "optimis.i" effect between

90 minutes and 120 minutes oost-ineettIon.

Thus, one is left with alternative possible interpretations

for the greater superiority of the .d-arphetamine proups during the

earlier stapes of testinp. If this was not a measuremient artifact,

then either (1) it was due to an early peakinp of stres;s effects and

therefore of corresponding drug nnti-stress effects, (2) it was due to an

-1•:- u m uum•• a
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unexvectedly early peaking of the relevant drug effects, or (3) som

combination of these causes may have been operating.

Currently, further research is underway vhich should help resolve

this issue. It involves the same basic design, but incor'iorates

additional incentive effect introduced upon initial exposure to the

task, and further drun variations Includinq a combination of 10 mg.

d-amnhetamine with either 1Q i:i-. of chlordiazenoxide or 50 u. of

secobarbital, a mood-active barbiturate. This should yield further

evidence concernino the role of "anti-stress' comonents in the

situational enhancenent of cognitive performance.
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