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A Viewpoint en "Drug Enhancement"

' "7 Paul M. Rurst)

K3 kel L Institute For Research

In reviewing the experimental literature concerned with
drug effects on covnitive nerformance of normal humsn adults,
one observes a8 much greater frecuency of degradation thm of
enhancement.

And yet enhamement of ‘pgtfoqpa}_t_ce would appear to be the
more interesting aspect of drug effects, «fto- both theoretical
and practical viewpoints. It does not appear renarkable “hat
the introduction of some foreipn molecule into the body might
disturd 1{ts functioning, but it vould seem remarkable that a
simple chemical compound could improve, even temporarilu,upon
the effects of myriad penerations of natural selection. It
would appear particularly éutptising when the performance in-
volves cogaitive phenomena,

Less mystifying would be a demonstration that cornitive
enhancenent rust be defined situationally. A drur mav exert

its "enhancing”" influence through antaconism of some basic

1"re;:»at:ecl under Contract Nonr 4423 (00) for the Physicloeical
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bodily survival mechanism such as fear, faticue, reactive_ i=tibition,
etc. Thus., an effect vhich should be considered as "behavioral
toxicity" in some situations misht be beneficial in certain other
situations. It would seen likely that the modern world is quite
full of situations in which such criteria apply: namely, that a
"basic survival mechanism” may be maiadaptive.

Since biological man can be described as the result of the
yeare of natural selection beecun in ore-mammalian times, the
influence of the last feu centuries, or indced milleria, should
be slight. Yet the world, omd its rcquircements for human Lehavior,
have chanred a great denl during this tiny fraction of man's
tenure. Yigh susceptibility to horedom or reictive inhibition
was probably of much value to the primjitive huntine and hunted
creature, for vhom variability of behavior wvas at a premium. It
i8 freouentlv of nceative value to the age-of-specialization man.
The acute ztress svndrowme was likelyv of value when the cotressor
was a bunery carnivore, and the arrrooriate resnoncz: vas fioht
or flight, Yet it could be of nerative value when the stressor
is a final exasnination or zn air attack, and the neaded resmonse
involves complex perceptual-wotor or cognitive perforaciize. The
Yerkes-Dodson Princinle implies that stress reoctions misht often
be too severe in modern-world eituations.

The drug cffects invelved in there examples can be reparded

as temporary, selective interference with one or more such
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mechanisns. Thus, a "tranquilizexr" interferes with the stress
mechanism. A “stimulant,” regarded from this viewpoint, does

not "hop up” the mental machinery: rather, it interferes with
faticue or boredom mechanisms. There seems to be a widespread
onpinion that stimulants such as d-amphetamine operate in a manner
analogous to making a comnuter worl’ faster by increasine the input
voltape~-inspired, in part, from analogy with these drues’ peripheral
symnathomimetic effects. VYet the pharmacolorical rmechanisms for
these two classes of effects, central and veripheral, cannot be
profitably correlated. Fssentially, we fust don't know how these
drugs exert their "C¥S-stimulatorv" properties.

The selective interference viewpoint is concerned with coenitive
effects, and not witt effector ohenomena such as physical strength,
endurance, manual steadiness, etc. where the mediating uechonisms
may well be quite Jifferent. It renresents something of a broaden~
ing of Barmack's (1937) carlier view that enhancement con be ex-
pected from stimulants such as the amphetamines only when nerformance
has been degraded by fatiouve or boredom. The selective interference
viewpoint inciudes other potential sources of dearadation, such as
stress or anxiety, which may be aniaconized by certsin "stimulants"

as well as by the "ataractic" CNS depressconts.
Toward Orerstionally-Defined Wypotheses

To test the value of the selective interference viewpoint, it
is necessary to derive testable nredlctions, of the form "Performance

may be enhanced by drurs in Situation Xl’ hut will not be enhanced
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in Situation xz.“ The differences between the two situations
would be the presence versus absence of some "survival nechanism”
inappropriate to the peneral situation, Xi. In the case of
fatirue from sleep deprivation, the defining pronertics are easily
derived. Vthen reaetive inhibition or stimulus sztiation is thoupht
to be involved, the definine pronerties can be manipulated in
terms of inter-trial spocinn, variabilitv of stimuli and/or
response requirements, ete. Vhen enotional stress is involved,
defining nroperties could involve the presence versus absence of
some extrinsic stressor such as electric shock, ero stresses in-
duced by the exverimenter, etc.

More difficulty is encountered uith the definine properties
when the stress is believed to be intrinsic to the task. This
problem will be discussed in more detail later, when a framework
{s suppested for maninuleting the defining proverties in "task-

induced” stress situations.
Evidence

Coneider, first, the situations in vhich cognitive performance
enhancement has been observed with the various “(N3 stimulants:"
caffeine, amohetamines, id other drups vhose effects include
nsychoanaleptic components.

Shortly after discovery of the "stimulatory" pronerties of
the amphetamines, some investipators (e.e., Sareent & Blackburn,

1936: Molitch & Tecles, 1937; Volitch & Sullivan, 1937) reported




that these drugs increase test intelligence. These results were not
confirmed, however, in subseauent studies (e.g., Rarmack, 1940: Cutler,
Little, & Strauss, 1940; Morris, Macgillivray, & Mathieson, 1955).
Other investigators (Andrews, 1940: Golla, Blackburn, & Craham, 1940:
Hecht & Sargent, 1941; Flory & Gilbert, 1943: Duker & Duker, 1960;
Nash, 1962: and Evans & Smith, 1963) have tested the effects of
amphetamines on a wide vsricty of hisher mental functions, including
numerous measures of intelliecnce and reasonins ability, with results
ranging in seaeral from no observed effect to a modest facilitation.
In general, {t would seem that short-term intellectusl performance,
vhere boredom is not a factor, is rcither markedly nor consistently
enhanced by amphetamines. The accumulated cvidence suyrgests one of
two conclusions: Fither (1) The ‘‘positive" findings of some investi-
gatcrs are artifactual, due to absence of eritical controls (allowance
for repression and serial effects, use of double-blind techniques,
etc.), as is implied by Yeiss & Laties in reviewins intellectual
verformance effects of caffcine and amphetamines (1962, pp. 18-21), or
(2) Amphetanines do exert a facilitetive influence, but of such amnall
nagnitude that statistical significance is often not obtained, being
a function of test reliability, number of subjects, and the working
of chance. Any real effect of this size could well be due to motiva~
tioral rather than cognitive mechonisms, as implied by Evans & Smith
(1963) in consideration of mood effects of these drugs. (To be dis-

cussed subsequently). 1In either case, the irmlication is that very
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little gain is to be expected in the way of intellectual capacity
by the use of caffeine nr amphetamines as opposed to improved per-
sonnel selection.

A strikingly diffevent picture is obtained when we view the
effects of stimulants in situations in which cosnitive performance
might ordinarily suffer from horedom effects. For cxample,
Holltagworth (1912) found improvements in typine nnd color-naming
with caffeine, and both he and Letmann & Csank (1957) reported
improvements in cancellation tests. '/ith ampbetanmine, improvements
in adding and aultipliggtion were observed by Kleemeier & Klcemeier
(1947), and in cancellation by Tyler (1947) and by Lehmann & Csank
(1957). 'ith methylnhenidate, Vondracek & artanova (1959) obtained
improvement at subtraction and repveating of figures. Perhaps the
most striking mitigation of boredom effccts has been observed in
tasks of a vigilance nature, where strong positive effects have
been obtained with amphetemines by Mackworth (1950), Payne & Hauty
(1954) , Payne, Heuty, & Moore (1957), and Kornetsky, Mirsky, Kessler,
and Dorff (1959), and with mephentermine and pinracrol by Payne &
Moore (1955).

7ith some exceptions, the fcresolng data seem to support a
"selective interference" viewpoint. "hen motivation is normally
at a level appropriate to task dewands, as it nresumablv is in the
usual mental test situation, drups elicit scont improvement in

performance., ‘'hen it is depraded, substanti{al rains can be made,




If we can attribute the derrad-tion to mechanisms such as boredom and
fatieye, the interfcrence viewnoint is upnheld.

Consicer, now,lfhe evidence with repard to "CNS depressente:”
sedatives, trzacuilizers, oniates, alcohol, or other druss with
varying psycholeptic componenta. There is » very larce body of
evicence, vhich will not be reviewe® hrere, that depressants usually
impair task performance in ncn-éisturbed subjects. These results
are, in scneral, unrerarkeble. “ver "treaquilizers," which are
sometimes not classed asdenressants,” cenerally erert some cdepressing
effect if the dosape is larce enourh or the mensurement sufficiently
sensitive. Of greater theoretical interest is the occasional finding,
in partic&lat gituations, of performonce erhancement.

0f the relatively faw instances in vhich evhancement hae been
reported for such agents, the malority seem to involve use of the
drug to allay interferine emotional responses due to some "stress-
ful” aspect of the taosk or situation. Thus, Vill, Fornetsky, Flanary
& ""ixler (1952) found that morshine tends to restore reaction times
tovard normal levels when they have beecrn lencthened by fear of shock.
Hollidav & Dille (1958) found, with a pointer-pursuit tasgk, that
800 mr. of meprobamate tended to abolish the disruntive cffects of
anxiety induced by sn automobile horn, air blasts, and electric
shock (ugsed as punishment for time of € tnrpet). Interestinely,
improvement from meprobamate over the nlacebo hase was noted only
on the interspersed '"non-npunisbment” trials, vhich were presumably

more stressful than those on which punishrient actually occurred,
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Matlin (1964) found that chronic administration of chlordiazepoxide
(10 mg. twice daily for two weeks in the suise of vitanius) improved
productivity in 64 ";etarded" workers who were believed tc¢ have becn
suffering from tensions, instabilities, and neuroses. Unfortunately
no placebo controls were used. Granting that the surpestion effect
vas reduced by administration in the suise of vitamins, there is
still the problem ;f rerression ohenomena.

Uhr, Platz, Fox & Miller (1964) observed that » sinrle 1600 mg.
dose of meprobamate sisnificantly improved performance on the
HMichigan Continupus Attention Task, which was administered under
stressful conditions (shuck trials interspersed with non-shock
trials). The interpretation {is obhscured, in that improvement
occurred under non-shock as well as shock conditions, with the
shock x drug interaction beins nonsignificant. The authors suepest
that a punishment-anticipation effect may have been respousiblie for
the drug's effect on the non-shock trials., (Compare vith Holliday
& Dille, above.) This conclusion is strengthened by previous findines
by Townsend (1957) and by lelly et al (1958) of no sisnificant effects
for meprobamate on somewhat similar monitoring tasks performed in the
absence of shock stress.

t'hile such perceptual-motor enhancement by CMS depressants is of
significance, it is even more noteworthy that enhancement of copnitive
performance has occasionallv been elicited by such drugs.

Ritter, Sells, & Mebane (1958) studied rhe effects of 400 me,

meprobamate, as opposed to 2 me. oipradrol, 19 me. methylphenidate,
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placebo, or no capsule, upon a variety of anxiety and performance
indices. They obtained an F-ratio sisnificant at p<.C1 on the
Pechsler disit-symbol substitution test, with all three drug groups
parkedly excelling the placebo group. They remark, however, that
interpretation is impossible because the no capsule nroup also
markedly excelled the placebo sroup. Interpretation of the results of
this powerful (N=225) study is subject to the further finding
that reported comfort was sienificantly lower in the no capsule gsroup
than in amy other. Thi;, the placebo effect was ne~ative for per-
formance but positive for comfort. One micht infer accordinrly that
increased anxiety facilitatcd performance, but this conclusion is at
variance with the facilitative cffert reported for meprobamate.

Burnstein & Dorfman (1059) obtained a reliable 177 reduction in
Jearning time in 2 complex memorv task with 1200 mg. meprobamate,
The authors indicate that a relatively high level of an:icty or
emotionality was involved in this situation, due to the high degree
of inter-item competition.

Korman, Knopf & Austin (i960) found that serial learning under
shock stress conditicns was slishtly but sienificantly enhanced by
a mild (30 ml.) dose of ethyl alcobol. The results are interpreted
as forming an exception to "the dictum of Jellinek & McFarlond (1940)
that alcohol has a depressing effect on all psychological functions
yet measured.” Of additionrl significance, and fn accord with the
authors' hypothesis, the control (non-stress) nroups shouved poorer

performance under alcohol. Dimascio (1263) also investigated competitive
/
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paired-agsociate learning (CPAL) under various CNS deporessants:
phenyltoloxamine, 100 and 200 mg., secobarbital, 50 and 100 me.,

and meprobanmate, 290 and 400 mp. The college student subjects,

who served as their ovm controls (placebo), required sinnificantly
fewer learning trials to recch criterion under the hicher doses of
meprobamate and phenyltoloxamine, and tended (p=.10) to make fewer
errors in the process. Paradoxically, the lower dose of phenyl-
toloxamine sienificantly increased the number of trials to criterion.
The "anxiety" or “stress” factor agein enters the picture in the
form of Taylor MAS scores. These appeared to have no bearing on
CPAL under placebo, whercas under €00 mg. meprobamate the subjects
with the higher MAS scorcs sianificantly (p<.05) excelled those

with lower MAS scores, both in rapidity of learning and in frecedom from
errors during the learning process. There was a similar tendency
(p=.10) under 50 mp. secobarbital or 200 mp. phenyltoloxamine for
subjects with the hisher TVMAS scores to learn the lists with fewer

errors than were made by those with lower T!'AS scores.

Rughes, TForney, & Cates (1963) used deloyed auditory feedback as
a8 stressor in evaluating effects on a variety of performence tests
of alcohol, benzquinamide, or a mixture of the two. They found that
the tranquilizer significantly improved pc, Formance at reverse read-
ing and "subtraction plus seven." Alcohol cuite cenerally depressed

performance, Synergism betveen the two aeents was not evident. Their

tranquilizer data support the viewpoint of cnhancement throuch selective
‘ interference: their alcohold doata do not, and also tend to contradict
SRR R
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Korman et al (1960). The difference here may have resulted because
(1) different types of stressors were involved, or (2) Hushes et al
used 45 ml. slcohol per 150 1b, of body weipht, wheress Korman et al
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 mg, d-amplictamine sulfate,
or 16 mg. morphine sulfate, or both, versus lactose placebo. The
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., Tvaluation, Convergent Production, Divergent
Production, Memory, and Sogrition. 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:

"Guilford has stated that tests in the Fvaluation

catepory measure the ability of subjects to mote a judg-

ment as to which i3 the correct response of a limited

number of possible alternatives. It may be that tasks of

this type reauire a 'focusing' or the concentration of

attention on task relevaut cues will be benefited by the

decrease in excitment and distractibility produced by

morphine, (Calloway & Stone, 1960)"

1t would appear from these findinps that the "depressant”
gloup operates in a manner quite analopons to the "stimulant"
group: performance may at times be enhanced, but only when it would
otherwise be degraded below some 'normal optimum." In the case of

"gtimulants," such desradation would prosumalhily have resulted from

fatupue or boredom; in the case of the Adeprnssants," the degradation
£
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would have resulted from emotfonal stress. Note that all of the
"depreasants” cited above have ataractic, as well as psycholeptic,
properties.

In the studies cited, the "stress" involved yas presumably due
to the introduction of some extraneous "stressor" into the task
situation: electric shock or delayed auditory feedback. The
Evans & Saith data cannot, however, be interpreted in this manner.
The only possibility for a “selective interference” interpretation is
to assume that the stress was inherent in the tasks themselves.

This introduces a whole nev class of phenomena which might fruitfully

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

Certain task narameters--e.g., hich input pacing in the presence of
certain perceptual and/or decision-making demands--appear to induce
a ¢ype of stress in the human operator. Many operational tasks
involve these paremeters. The occurrence of a "drovsff" phenomenon,
a sharp performance decrement when input rate exceeds a critical
value, has been demonstrated in the lahoratory by various investipa~
tors, e.p., Alluisi, Muller, & Fitts (1957), and Jeantheau (1959).

Results such as the forepoing are suscentible to at least two
alternative interpretations:

(1) The decrement is caused by "emotional" factors which intere
fere with the optimal functioning of the human data-processing
machine, or,

(2) The decrement is merecly a function of input queuing, due to
channel-capacity limitations in the orean’sm, which results in the

loss of inputs during short-term storape while awaiting processing.

Rt SED R AR Sr SRy, iy
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The latter interpre’ation, which is derived from the single-
channel hypotheses set forth by Hick & Velford (1956), Broadhent
(1957), and Yelford (1560), does not exclude the former poesibility
as a contributing factor.

To the extent that the first (emotional) factor onerates to produce
a decrement, performance can be restorcd by any agent which reduces
the undesirable emotional response to the task, but does not inter-
fere with the operator's normal ability to verforn the storape and
processing functions involved. Consequently, those stimulants pos-
sessing mood-active components micht improve performance in such
situations, aad the decrce of improvement micht in some cases be
greater than with the "ateracti¢" depressants,

One class of stimulants with apparent mood effects is the
amphetamine group. There is some reason to helieve tha; this
mood effect is of a nature that might block, selectivelv, the
emotional component of task-induced stress., If we consider the
emotional stze:s factor to be somethime akin to fear, then a
=ood eff'ect in the onposite direction is to be sounht, In this
respect, the effects of these drues are ambisuous, but the bulk
of findinps with the amphetamines does give some support to an
anti-fear postulate:

Voluntary exnressions of increased confidence, such as the
feeline "that it is relatively easy to nerform a task," were ob-
tained by Bahnsen, Jacobsen & Thesleff (193%). Decreases in

clinical reports of anxiety were obtained hy Schilder (1938%) and
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by Korey (1944). A decrease in rated anxiety of a “threatened”
group vas reported by Lanzetts, Wendt, Langham, & Haefner (1956).
Hurst (1962) reported that d-amphetsmine pzoduces increased risk-
taking in an experimental, uncertafu-cutcome sizuation, where high
stresses of a mocnetary nature are involved. Smith & Beecher (1964)
found that amphetamine increnses self-ratings of performance by
students taking calculus tests.

'On the negative side, Smith & Beecher (1960b) found that amphet-
amine induces pessimism with repard to swimming speed in a standard
course traversed by trained athletes. This may have been due to a di-~
rect effect on time estimation, vhich tends to be increased by
amphetamines (cf. Frankenhauser, 1958: Coldstone, Boardman &
Lhamon, 1958). Hauty & Payne (1957) found ro sirnificant effect
upon level of aspiration scores on the Afir Force SAM task. The
dosages, however, were rather small (5 mg. d-amphetamine).

In apparent contradiction to the "onti-stress” notion are
the studies of self-ratines «n mood factors, which have often
revealed increases in anxiety from amphetamines (Nowlis & Nowlis,
1956; Smith & Beecher, 1960a: Ross, Krupman, Lyerly & Clyde, 1962).
This may, however, be a semantic problemn: Increases in "jitteri-
ness," etc., caused by direct or indircct CNS activation may
parallel cerebral effects inrvolving incrcases in boldness and self-
confidence, as inferred from other adjcctives -checked by these same

subjects.

ARREIEY A 12
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To the extent that the second factor (simnle queuing effect)
contributes to the observel decrement, no substantial drug enhance-
merts would be predicted from the selective interference viewvoint, To
offset this "cueuing” loss would require somethine like a lowering
of disimnctive reaction time, or an increase in short-term storage
capacity. Of the two fanilies of stimulants most studied, the
arphetamines and the xanthine derivatives, little promise has been
shown either for reducing disjunctive T under normal conditions
(cf. Adler, Burkhardt, Ivy, & Atkinson, 195); Xornetsly, 1958), or
for increasing short-term storagze carzcity (cf. Prengelmznn, 1958a,
1958b).

A study directly relevant to ti:ig aquestion-is that of Kenyon
& Pronko (1260), vho ohcerved tic effects of a capsule containing
10 mp, d-amphetamine sulfate (versus placebo capsule, versus no
capsule) upon performance in a task containine both intrinsic and
extringic stressor elements. The task reauired the subjects to
read aloud and follow a series of simnle statements that directed
them to make dial and switch adiustments on a panel before them. A
readine pacer provided the intrinsic stressor: extrinsic stressors
were delaved auditory feedback and threat of shock. No significant
differences in task time or number of panel onerations were observed
amonp the three treatment conditions. Moteworthy, 2lso, is that a
similar study by Pronko & Kenyon (1059) failed to show any consistent

differences in performance at this tasl as a function of 10 wg,
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e meprobanate versus placebo versus no capsule. Yet "stress" was
éé evidently present, since pulse rates averaping over 120 per minute .
3 .
”gg “were obtained under all treatment conditions, and performance at
& this task is normally degraded by the extrinsic stressor (ilid.).
It is ixportant to note, however, that the verformance measures were
i
i .
é obtained at time intervals averaging 15 to 25 minutes after insestion
% : of the d-amphetamine or placebo carsules (versonal communication
{ % .
: Z from G. Y. Kenyon). This may not hove been a sufficiently long
2

interval to register maximum effects from the drups.

In order to avoid contamination of stress effects with vigilance
phenomena it micht be desirable to emnloy.-a task of very short
duration, as was done by Kenven & 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 drue effects upon phases of the

experiment in which fatigue/boredom decrements occur in control

T
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groups. A factorial desion, permitting orthoronal manipulation
of drug and stress variables, should permit clear internretation,
in terms of the stress variable, of any drug effects upon perform=-
ance, In terms of the drug variable it would be desirable to employ
at least three drugs:

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

phenidate, which exerts an alertines function but has little effect

!!' on mood.

—pop—— v =

e S e




17

2. A "pure” atsractic such as cjlordiazepoxide (Librium),
which apparently has an anxiety-redwing property at dosages
which have little nsycholeptic or anmaleptic effect.

3. D-amphetamine, wvhich has beem postulated to have an ataractic
as well as a psychoanalepotic component.

These three druss, when compared uith a2 no-drug condition, should
yield telling comparisons as the stressfulness of the task is mani-
pulated. This research stratesy should yield evidence concerning
the relative roles of input queuiny and emotionality in the various
"dropoff" phenomens observed in tasks having high levels of iwvput
pacing,

Such an exveriment has just beek comvleted by l'urst & “eidner
(1964) , involving the administration of d-amphetamine sulfate (10
mg.), methylphenidate ¥C1 (10 mg.), chlordiazenoxide (19 mp.), and
no drug to separ@te treatment grouns. All drugs were administered
in diszuised form, and separate "placebo effects” were ohtained
by comparing the effects of the drugs with and without -prior ad-
ninistration of blank capsules. The task involved was the paced
sequential memory task of Lloyd, Reid & Feallock (1960), and
extrinsic stress was manipulated by varying the payoff condition:
fixed pay ($10.00), vs. payment based upon performance ($5.00 to
$15,00, praduated). This incentive variation seems to hove effective-
ly increased the stressfulness of the situation, since the variable
payoff groups rated themselves 46" more anxious (p<.001) than the
fixed payoff grouns on a “oulis ACL administercd irmeciately pre-

ceding the "payoff session.”
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The paced sequential memory test was eiven twice. The first form,
under no payoff, was ¢iven 40 to 65 minutes after druz inpestion, &nd
the second, for fixed vs. varfable vayoff, 95 to 145 minutes after
ingestion. The results were analyzed by 12-pinute intervals. Superior
verformence wvas manifested by the d-amnhetamine proups relative to the
other drug groups throuzhout all perfods of both sessions. The other
two drug conditions varied inconsequentially from no drug. The
superiority of d-amphetamine declined ss the testing progressed.

It wvas reliably superior to no drug at p<.02 durine the first half
of the first session, and at n<.05 during the second half of the first
session. This superiority faded into insienificance during the
second session except for the second 12-minute quarter, Placeho
effects were generally insirnificant except during the first auarter
of the second session, vhen a significant (p<.05) nepative placebo
effect apveared. There was no sirnificant main effect for the in-
centive ("stress') variable, nor did this interact significantly
with drug condition. There was, however, a non-sirnificent trend
for d-amnhetamine and chlordiazepoxide scores to be hisher (by 92
and 107) under "hich stress" as opnrosed to "low stress," vhereas

the no drup scores were 77 lower under “’high stress."

The appearance of a siecnificant enhancement effect from d-
amphetamine during the first 12 minutes of testing supports the
pogtulate of an "anti-stress" component. This improvement can
scarcely be attributed to fatigue or boredom mitiration since it

tended to fade out during the later stares of testina., The tendency
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for d-smphetamine and chlordiazepoxide groups to perform relatively
better under greater stress also supperts this viewpoint: virtually
all of d-amphetamine's overall margin of superiority derives from the
data taken under "hish stress.”

One interesting aspect of these findines is the unusually short
latency (40-52 minutes) repistered for the maximum ephancement effect
of d-amphetamine. Althourh this may have been due to the "stress"
effect being sreatest early in the test session, as sussested, it
makes an interesting contrast with the results of Eysenck et ql (1957)
and Smith & Beecher (1955), who obtained maximum fncreases in nursuit
performance and athletic performance, respectively, at considerably
preater latencies ofter adainistration of amnhetamines. Framks &
Trouton (1958) obtained sienificant effects of d-amphetamine 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 eerlier-peakine mood-related effect
is responsible for the anti-stress results, and that the later-
peaking psychoanaleptic effect is responsible for cnhancement of
motor performance. This interpretation pains some support from the
results of Frankenhaeuseir & Post (1963), vho measured objective and
subjective effects of d-amphetamine (15 mg.) or pentobarhital
(200 mg.) at successive 30-minute intervals over a two~hour period
following ingestion. Psychoanalentic effects would, presumably, be

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

by objectively measured reaction speed, The anti-stress component
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might 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).

Examination of these effects reveals that the "psychoanaleptic"
measures, "sleeny,” "tired,” and "alert,” showed progressive changes in
the expected directions until 90 minutes after inrestion of the d-amphet-
anine, with virtually no changes between 90 minutes 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) anti-stress measures, ''tense”
decreased and "happy” increased -during the first 90 minutes, and
chawe& 1little change thereafter. Nowever, ratinps of "relaxed,"
wvhile increasing markedly up to 60 minutes post-ingestion, showed a
marked decrease between 90 minutes and 129 minutes. "Subiective
reaction speed" reached a oronounced peak at 90 minutes, where it
reached 1397 of the corresponding rlacebo value, but decreased to
about 1177 of the placebo value at 120 minutes. Since obiectively
measured speed was still increasine during this last interval, tais
comparison shows a marked decline in the "optimism" effect between
90 minutes and 120 minutes nost-incestion.

Thus, one is left with alternative possible interpretations
for the greater superiority of the d-amphetamine proups during the
earlier stages of testinp, If this was not a measurement artifact,
then efther (1) it was due to an carly peaking of stress effects and

therefore of corresponding drue anti-stress effects, (2) it was due to an
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unexvectedly early peaking of the relevant drug effects, or (3) some
combination of these causes may have been operatine.

Currently, further research is underway vhich should help resolve
this issue. It involves the seme basic desisn, but incornorates
additional incentive effect introduced unon initial exposure to the
task, and further drue variations including a combination of 10 ng.
d~amphetamine with either 10 =2, of chlordiazepoxide or 50 mp. of
secobarbital, a mood-active barbiturate. This should yield further
evidence concernin? the role of "anti-stress™ components in the

situational enhancement of cognitive performance.
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