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Abatract 

A «ynopala of reault« obtained in four pravioua exparlaanta with 

the paced aequential tnemory taak (PSMT) vaa given to clarify the purpoae 

of the preaent experiment. Each of theae atudiea included ¿-amphetamine 

aulfate among varioua different condition« of drug treatment. Theae 

different treatment« were impoaed to etudy performance variation« with 

respect to various task parameters, e.g., data rate and atorage load, 

in addition to extra-task features such as incentive conditions. 

Throughout these four prior experiments, ¿-amphetamine was 

consistently the most active drug of the various paychoactive compounds 

employed. It yielded results ranging from significant enhancement to 

the significant impairment observed in one study. These results were 

discussed in relation to variations in task parameters and experimental 

conditions, in the attempt to isolate the crucial moderators that determine 

whether amphetamines enhance performance or tepair it. Three alternative 

tjt non-exclusive hypotheses were advanced. A fifth experiment was 

designed to discriminate among them. In this study, the drug conditions 

were (1) ¿-amphetamine sulfate (15 mg/77 kg), (2) sodium amobarbltal 

(96 mg/77 kg), (3) a combination of both drugs in the same dosages, end 

(*) placebo. Task variations were Imposed upon storage load, Hat length, 

and method of transcribing answers (varying motor requirements). Results 

were analysed both with and without statistical corrections for guessing. 

Results showed significant enhancement by ¿-amphetamine in total 

performance across conditions, with no indications of dependency upon 

load, list length, or taethod of transcribing answers. The margin 



of superiority ovsr placebo showed little variation across thasa conditionsf 

nor was It appreciably changad by correction for guessing. Anobarbltal 

giver, separately was elosaly comparable to placebo. When combined with 

d-anphetaaine. It produced a non-slgnlflcant weakening of the enhancement 

effect. Contrary to expectation, It also weakened the mood effects. 

These results indicated that amohetamlne enhancement does not 

crucially depend upon task difficulty within the ranges employed, nor 

upon length of exposure to task or the motor requirements of answer¬ 

writing, nor does It depend upon the premium placed on willingness to 

guess. Reversal of d-omphetam 1n* enhancement, obtained In the preceding 

study, was tentatively attributed to Increases in requirements for Input 

!•••» the need to reject usable data when processing capacity 

Is overtaxed: Amphetamines make people reluctant to accept the need to 

'filter". This was the only hypothesis that was not overthrown by the 
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Paul M. Hurst, Robert Radlov and 

Sallyann K. Baglay 

Introduction 

Synopsis of Previous Results 

Amphetamines have frequently been reported to improve cognitive 

performance under conditions of fatigue or presumed low motivation (due 

to task length and repetitiousness). It has been pointed out that 

amphetamine enhancement tends to vary directly with length of task 

(Uelss and Latías, 1962; Latles and Weiss, 1966). That cognitive 

tfu..úuccs>ent by these drugs may depend upon prior motivational deficiencies 

is suggested by their general failure to enhance performance at intellectlally 

complex tasks, which are presumably more ''challenging": Weiss and Latles 

(1962), Smith and Beecher (1964), and Huret and Weidner (1966). Seldom, 

Indeed, has it been suggested that amphetamines may enhance cognitive 

performance in situations of supra-optimal motivation, i.e., "stress." 

This research was performed on Contract Nonr 4423(00) with the 
Physiological Psychology Branch of the Office of Naval Research. 
Dr. Nicholas Chubb of the Pennsylvania State University Health Center 
was the medical supervisor. The authors wish to thank Dr. Albert L. 
Ingram Jr. and his staff at the University Health Center for their valuable 
cooperation in subject screening operations. Drugs were donated by Smith, 
Kline and French Laboratories. 
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Sine« the«« drug* appear to Incraaa* ■otlvafetoa, tha Tatkaa-Oodtoa 

principia iapliaa that lapalrnant rathar than anhancaaant would raault. 

r-*i3 #0 ■«»-•vidant that tactical nllltary uaa of amphatanlna* 

ha* bean condamnad In tho*a situatien* vharo "Investigation* incrlnlnatad 

•tras* and the resultant anxiety, rathar than prolongation of work and 

fatigua, a* tha conditions under which errors ara nada." (Davla, 1947, 

p. «5). 

This same logic saans to underly most of tha research on parfonanca 

enhancement under stress. Almost Invariably, such studies have involved 

depressant drugs such as tha minor tranquilícete, even though sons 

direct cognitive Impairment might be expected from affective dosagee. 

A number of such efforts ware reviewed by Hurst (1966), 

Nevertheless, there is reason to question whether amphetamines are 

prejudicial to perfoimance under emotional "stress" or "anxiety." Some 

prominent mood effects of these drugs are increases in self-rated 

'confidence," "optimism," "boldness," etc. (Smith and Beecher, 1960; 

Hurst end Weidner, 1966). Such effects seem paradoxical in view of 

concommltant findings that the drugs Increased "anxiety," even in the 

same experimental populations. However, a factor analysis of drug-induced 

state changes by Hurst, Radlow and Perchonok (1967) indicated that the 

"anxiety" descriptor may be misleading, at least in the case of one 

frequently-employed Instrument: the Nowlls Mood Adjective Check List 

(Mood ACL). Although Nowlls "anxiety" Is relatively Independent of other 

Mood ACL adjectives when normal subject differences ere fector anelyted, 

the structure of drug-induced changes Is different: "enxlety" emerges in 
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• atat«~f«ctor which alto has strong positiva loadings on "concantratlon," 

"vigor," "egotista," and "confldanca." This pattsrn rasaablas a stata 

factor which Cattail (1960) has labelad "affort straas" and Is quita 

différant fron "simple anxiety." Both of these reaction patterns ara 

evoked by perceived threat, but they differ aa to the anticipated succaas 

In coping with the threat. 

It was in consideration of these affective dimensions that we 

hypothesized amphetamine enhancement under conditions of "task-induced 

***•••• based thla hypothesis upon an Inferred "anti-panic" component, 

rather than any direct cognitive facilitation produced by such drugs. 

Accordingly, we predicted that the observed performance enhancement from 

amphetamines would inoreaa« as motivation ranged upward from the optimal 

level for a given task. 

To test this hypothesis, we conducted a sarles of "stress" experiments 

In which ¿-amphetamine was compared with various dapressant drugs and 

stimulant-depressant combinations. The principal test of performance was 

the paced sequential memory task (PSMT). This task was adapted from that 

of Lloyd, Reid and Feallock (1960) to provide strong demand stresses. 

In the version we employed, the PSKT comprises a number of word sequences, 

presented on audio tape. Each sequence Includes a series of "Item" words, 

with an equal number of recall points Interspersed among them. The recall 

points are Identified by the names of classes to which various items belong. 

Thus, the subject may be given the items, "copper," "Buick," and "overcoat," 

after which the class name "automobile" is presented. He must then recall 

"Buick." After further Item words have been presented, he is given "metal," 

and must recall copper. This continues until all of the stored items have 
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b«#n «xhautttd by corresponding rocsll points. 

A prior sorlss of experiments by Kenneth Lloyd and his colleagues 

had shown that PSMT difficulty varies lawfully as a function of input rate, 

•verage storage load (SL), and association value between items and class 

nemes. A detailed description of the versions we employed is given by 

Hurst and Weidner (1966). 

The PSMT imposes a requirement for time-sharing of registry, storage, 

end retrieval operations. As input rate or storage load Increases, it 

becomes impossible to satisfy these concomitant demands and data are lost, 

often in large blocks. From these structural features and numerous 

unsolicited report, from our subjects, we inferred that the PSMT can be 

"threatening." We confirmed this Inference by observing that Mood ACL 

"anxiety" Increased as test-time anproached, especially in subjects working 

for incentive payment. (Hurst & Weidner, 1966). Regardless of whether 

this "anxiety" represented "simple anxiety" or "effort stress," we could 

reesonably infer that the task was threatening and that it Induced some 

kind of emotional "stress." 

A furch« «dvantag« of thl. tuk 1. th.t «ph.ta.lo. .oh«t«aot mold 

“t b* •»p.ct.d u . ntult of rmumotioml eoaponut«. hooolog_7 

tftL hu bun t.«t«d by Quarton and I.Umd <1962, T.lloid «d Qouton <196J), 

«d Sorvai, tod Hobln «96«). None of th.a. .todUa ahowad inh.tir.oaat 

froo aoph.ta.lnaa. Sine. eh. PSMI al.o Involve, running oaoory, on. «„id 

not «pact aophataolnaa to altar perforoanca on th. baata of direct affûta 

opon th. »dul.lt. cognitiva fonction.. Th«., oburvU p.rfomuc. 

»old non naaondtly b. .ttrlbutcd to .ffutlv. cooponanta, and tha "antl- 

penlc" hypothesis evelueted accordingly. 
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In the first three experiments with the PSMT, dextro-emphetemin# 

sulfate (dex) always produced higher performance means than the other 

drug conditions. In Experiment 1, da* (10 mg) consistently produced 

higher means than did methylphenidate HC1 (10 mg), chlordiazepoxide 

HC1 (10 mg), or placebo, although statistical significance was reached 

only in the earlier of two test administrations. Superiority of dex 

to placebo was limited almost entirely to the groups tested under "high 

stress" (incentive payment, based upon performance) rather than under 

low stress vflxed payment). Theae results support the contention that 

amphetamine enhancement is not limited to conditions of suboptimal . 

motivation. They tentatively supoort the "anti-panic" interpretation. 

Some additional weak support comes from the failure of significant 

enhancemer.*- vüh mr.tl.y!rhenidnte, a stimulant with much milder mood 

properties. However, it la questionable whether the dosages of the two 

drugs were equivalent in other respects. 

Experiment 2 was essentially a replication of the first study but 

with combination drugs substituted for the two conditions, methylphenidate 

•’rcp'îxide, which had failed to produce significant effects. 

Thus, the treatments included dex alone (10 mg), dex (10 mg) + sodlua 

secobarbital (50 mg), and dex (10 mg) + chlordiazepoxide HC1 (10 mg). 

Although all of these dsr-containing tre -tmer.ta were superior to placebo 

at all stages cf testing, none of the conmarisons reached significance. 

This was rather surprising in view of the greater number of subjects 

employed (32 per drug condition, vs 16 in Experiment 1). No significant 

interactions occurred between drug and incentive conditions. 
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Exp.rl«Bt 3 V.. d..l8Md primarily ,. confirm or deny the .„hmc«nt 

trond thu. ,., .u,,..l.d. sine, d« .l».y. pro4uc.d p0,ltlv, 

•ho., .ignlflcuc. V.. aperadle, v. .ought . po„r,ul t,lt. st.tl.ttc.l 

PfCion ... Incr.aa.d by utlllItll(! . r..r-r.t.IC g..^, nd . ^ 

d..«. o, d« ... .dd.d. Ib«., 4S .ubj.ct. «„ ..eh t..t.d one. w«h 

..eh o, th. following awdlctlona, in count.rh.l«,e.d ord.r: d«, (i0 „), 

<*« (15 ^). .odium ..cob.rhlt.1 (100 mg), pl.e.bo, ud no drug. To 

Incro.a. .tr..., th. PSHT ... pr..ent.d In ..,1.. of 30 Input.,mlnut. 

.lt.rn.tlng with ..,1.. o, 20/mlnut., th. r.t. pr.vio«.ly ^,l0y.d. *U 

■ubject« vara paid on a strong incentiva basis. 

In tot.l p.r,onwnc. .cor.., th. pr.»lou.ly-«pUy.d 10 mg do.,,. 0, 

d« «redad pl.c.bo or no drug. .Ithough not «ult. .Ignlflemely 

(.03 < p < .10). Th. l5 o, do.ag., however, produced ovar twlc. thl. 
-oun. o, enhancement, «d ... .up.rlor ,. .„h.r control condition .t 

p < .001, 

Th. parfonunce mergln, .er, „ually .igniflcmt uid o, clowly 

comparabl. «gnltud.. ., both d.t. Input „,... thu., .1 though ,.11.6,. 

imprommant h.d been drenar rated m . .,,...,.1 t..h-.t,„.„on, .. .,,U 

l.ck.d definitive .vid.nc. that ,h. enhuiemaent tnvolwd . .p.cl„c 

"anti-panic" component. U. d.ctd.d to .nplor. furthar tuk p.r«Nt.r. 

for moderating Influence, upon th. drug .„act. 

In Experiment 4, th. 30/m,nut. d.t. r.t. ... comp.r.d Wth ,h. .,,u 

,ut.r rot. o, 60/mlnut., Th. 1.,,., ... ,ra...d „ brlB, M>n 

6.1o. 50* correct, md thru pra.ua.bly Indue, greater ".tre..." 

Although th. 30/mlnut. v. 20/mlnut. contr.,, ,» Experiment 3 had not 

I 
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moderated the drug effects, we believed this might be due to their frequent 

alternation. The tendency to panic might Involve a mood state that required 

some time to build up In response In variations In demand-stress. Consequently, 

we scheduled the two data rates In Experiment 4 as two separate 30-minute 

blocks separated by a half-hour rest Interval. The order of the two rate 

conditions was counterbalanced across sessions to avoid contamination with 

differences in drug latency and warn-up effects. 

Because of the severe limitations Imposed upon response time by the 

high Input rates, the procedure for recording answers was changed. Previously, 

the subject had been required to write the first three letters of the 

correct word. Now, he was given an alphabet block for each answer, with 

Instructions to draw a line through the beginning letter of the answer- 

word. 

As In Experiment 3, a test-retest design was employed. Thus, each 

of 58 subjects was assigned once to each of 4 drug conditions, with order 

counterbalanced across sessions: dex (15 mg), chlordlazepoxlde HC1 (25 mg), 

placebo, and no drug. 

For the first time, total performance means for placebo and for no 

drug exceeded dex, although the differences were not significant. Both 

placebo and no drug significantly exceeded chlordlazepoxlde. Evidently, 

an Important moderator Influence had finally arisen, and subscore 

comparisons would reveal where It ley. 

Orthogonal contrasts of drug latency, as permitted by the counter¬ 

balancing of latency with Input rate, revealed little that was noteworthy. 

Both active drugs were slightly Inferior to placebo or no drug at both 
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latencies (70-100 min. md 130-160 min.), but neither latency produced 

a significant F-ratio when its data were analyzed aeparately. The 

moderator Influence proved to be input rate. Although chlordlaxepoxlde 

produced only slightly lesa impairment at the lower rate, the de* effect 

was reversed. It significantly impaired performance at the 60/minute 

rate and non-significantly enhanced it at 30/mlnute. 

This reversal of the drug's effect at very high input rates was 

countar to the hypothesis of an "anti-panic" component in de*. It 

scarcely need be said that such results also emphasize the need for 

caution in the operational employment of such drugs, at least until 

furthar task parameters are explored for moderator Influences. 

Potential Interpretations 

Tha following are three hypotheses that can be advanced to explain 

the reversal of enhancement observed in Experiment 4. They are neither 

mutually exclusive nor collectively exhaustive: 

Hypothesis l: Enhancement is reversed because dex intensifies 

the emotional response to "failure stress," 

It la possible that, although the drug enhances performance in a 

demonstrably threatening task situation, this effect is reversed when 

task demands appear "impossible." Amphetamines seem to increase tha 

utility of high achievement (Evans & Smith, 1964; Hurst, 1966b.) This 

may raise level of aspiration and thus activate the "need to avoid failure" 

when the subject realizes that he cannot achieve such a level. Threat of 

failure can be removed by refusing to try. 
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Hypothesis 2: The change in the method of recording answers 

may moderate the drug effects. 

The letter-checking technique introduced to cope with the high input 

rate* in Experiment 4 requires more searching but less motor activity 

than the letter-writing techno e previously employed. Failure of 

dex enhancement with letter-checking could suggest that the enhancement 

previously observed, in experiments using the letter-writing technique, 

resulted simply from an increase in the speed with which subjects could 

write down letters (cf. Laties & Weiss, 1966). 

dypoihesie 3: Dex influences data-proceseing strategies in a 

manner which leads to ùnpaiment at very high input rates. 

High input rate imposes filtering demands which increase progressively 

•a the rate goes up. Again assuming that the drug increases utility of 

achievement, this effect may combine with increased self-confidence to 

prevent a realistic degree of filtering at very high input rates. 

Method 

Design of Experiment S 

This study was conducted in an effort to explain the reversal of 

dex enhancement produced under high input rates in Experiment 4. To 

discriminate among the possible interpretations, we decided, first, to 

manipulate difficulty via task parameters other than input rate. If 

the enhancement reversal is associated with threat of failure (HI), then 

we should expect reversal from any manipulation which increases task 

difficulty to the necessary level. However, if it is caused by the drug’s 

opposition to adequate filtering (H3), then enhancement should not be 
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to difficulty except when difficulty y.rl.tlon. tupo., different 

filtering demands. 

V. decided to oenlpulete difficulty through y.rl.tlon. In U.t 

length end .ver.g. etoreg. lo.d (SL). Ll.t lengthening ... not expected 

to .ffect filtering regulrenent, .t coo.tent SL, but ehould lucre... loe... 

froc proactive Inhibition. I„cre..ed .tor.,. lo.d night regulre nor. 

fllt.rlng, hue only to the extent that Improved "recirculation" .avM 

nor. d.t. than .re filtered out (cf Broadbent. 1957). Neither U.t 

length nor SL ehould produce the filtering dem.nd Inpo.ed by excel™ 

input r.te, vhlch «Ith deficient fllt.rlng .111 elnult.neou.ly overload 

registry, recirculation, and retrieval operations. 

Thu., revera.l of enh.ncenent under high load .nd U.t length .ould 

eupport HI. .here.. f.,l„r. of the drug effect to Interact .1th thee, 

parameter, .ould .upport H3. The teet of H2 ... .Inpler: « „..d both 

method, of «..ver recording, LW (letter-.rltlng, flr.t three letter.) 

end LC (letter checking, first letter.) 
To facilitate comparison with 

prevloue re.ulte, »e uaed the 30/nlnut. d.t. r.te .hlch ... comen to 

both Experiment 3 and Experiment 4. 

E.ch teat ..,«ne. included either 9, 12, 15. or 18 Item, pine their 

rec.il stimuli. Aver.g, .tor.ge load ... either 3, 4. or 5 Item,. Each 

25-mlnute teet Included tvo .equence, of each combin.tion of U.t length 

•nd SL. Since there .«re 4 , 3 - 12 euch combination., . te.t therefor. 

confined 24 .equence.. .hlch vete e.p.r.t.d by 8-..cond re.t interv.U. 

Th... .equence. ..re arranged In random „rd.r throughput e.ch te.t. Four 

rudomly-equtvalent te.t form. „er. prep.red. T„o of the.e «re edmlnl.t.r 
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during «ach ••••ion, one with «ach method of answering (LW or LC). The 

order of the two methods was counterbalanced across sessions. Thus, list 

length, SL, and method of answering were Independent of (1) sessions, 

(2) order or drug latency within sessions, and (3) each other. 

Subjects 

Paid volunteers were recruited from a population of university 

students, graduate and undergraduate, over 21 years of age. Of the 

48 who completed the experiment, the raw median age was 21; 35 were male 

and 13 were female. Although they had all participated In one orevlous 

drug experiment, none had been exposed to the PSHT. The volunteer population 

vas screened by the medical supervisor for physical or psychiatric contra¬ 

indications, including any current usage of psychoactive drugs. 

Each of the original volunteers was told the general nature of the 

experiment and given a list of nine drugs, including common stimulants, 

barbiturates, tnd tranquilizers, from which his medications would be 

•elected. He was then allowed a minimum of two weeks to obtain outside 

nedlcal advice concerning his participation. This was done to provide 

Informed consent without revealing what kind of drug to expect. Those 

who passed the medical screening and self-screening were then given the 

Jackson Personality Research Form (PRFJ, the Barratt Personality Pref- 

ftoace No. 2 (BPP), and the Minnesota Multlphasic Personality Inventory 

(MMPI). These tests were not a part of the screening procedure, but 

administered to explore the relationship between subsequent drug effects 

and personality structure. 

I 

k 
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Drug Administration 

Th. drug condition, rapio;.* ».re doxtroraph.train, aulf.tn (dex), 

.odium meetarbltal (urn), do* 0lu, .nd pl.c.bo. It w„ thought tJ 

dex plus m would produce . .trong.r affectiv, component than would 

de* .lone, and thu. tend to promote greater performance enhancement 

through Increased re.l.tance tc panic. However, thl. admixture of the 

barbiturate might alao produce a direct cognitive Impairment that worked 

in oopoaltion to th. affective component, yielding a net effect of 

unpredictable magnitude or direction. Interpretation of th. de* plu. 

" *,,ect “0u:d the“f°" •>* clarified by comparing It with th. effect 

of am given alone. 

The "no drug" condition, employed In four pr.vloua .tudle. of thl. 

•erl.., ... omitted becau.e none of th... experiment. h.d produced a 

reliable difference between placebo rad "no drug." Do..,., ver. adjured 

to th. two-third, power of bod, weight, en ..tímate of body .urf.ee erea. 

The prcportlcmelity con.t.nt. were calculated .0 a. to as.lgn, to a 

77 kg .object, a do., of 15 mg ., der or 96 », ., OT. n„. d0..,.. 

«re th. .rae, whether th. drug. wer. „ven ..p.r.t,ly or together. In 

the latter event, the combined dosage repreaented the .tandard ratio 

supplied In commercial "Dexamyi" (SKF) tablets. 

All medications were given orally in matched #3 bright orange 

capsules. On each ....ion, every .object took tw, capsule., on. at 

6=50 p.m. and th. ..cond at 7:20 p.m. th. flr.t cap.ul. contained either 

de* or placebo, rad th. ..cond contained either m or placebo. Thl. 

procedure was de.lgned to produce approximately coincident peak .ff.ct. 
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froB th« tvo drugs, whtthar taken sanaracely or In eoablnatloo.

Each aubjacw raealuod aach of tha four traatnenta ooca, during a 

total of fjur sccBlouo spacai a waak apart. Order affects were controlled 

by ao!«igr.lag auljacts tsndcal/ to c-.ch of the 24 possible traatMnt 

saquaneas. Tha data vara ar.alyicd occcrdlng to tha saquantlally- 

balancad r.od:l, with t:ia slight Ir.'.nlcnco <fua to siAjact drop-oota 

corrected by lcast*squ'ras astloatos.

Teat Pro93Jur«

During arch of Lhs four sasslont, tha scbadula given In Tabla 1 

wsa rigidly 'CF7 To^t" was a ncasuranent of critical

flicker fvslca thrashclds, alaotcd for group adnlnlstratlon. "Mood dCl" 

rafars to th^ short version of tha Hovlls Kood Adjective Check tlat.

Tha * Tina Pcrc‘3ption Test** requires astinatlng the duratloaa of short 

ssalc pulsaa. as dascrlbci by Hurst and Nkldner (19M).

Tha P~rr was adnlnlstarad In t:se vnrsi-:;t.a f*as—'’'sd la Ta^Ie 1.

As In Ixperlaa-.ts 3 and 4, the subjects were infomad that their entire 

bcauses fer tha esparlcaot wculd depend upon relative parfotcMncea on 

the rsifT. Each suLject would rjCLlve a flaed peynaat of $2.00 per 

session and a tonus based upon total PSfT parfomance if he coaioleted 

all four sjsslcns. 5on-sas would rcaga froa tU.OO, for the s«d>ject 

wlt*i tha lowact t.tal perfcnac-ca, to C:2.00 fer hla who had the highest 

total, with eoaal Incr-wnts bitv^n thesa values based upon rank within 

th. group. Although eccr.s on all trials would be suMsd, the LC scores 

wculf be adjuatad for guasclrg accordlra to the fomula 

IX (C) - LC ('0 ♦ 1/9 onlta
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6: AO 

6:45 

6:50 

7:00 - 7:10 

7:10 - 7:20 

7:20 

7:20 - 7:40 

7:40 - 8:05 

8:20 

8:30 

8:50 - 9:15 

9:25 - 9:50 

10:00 - 10:25 

10:25 

10:30 

Table 1 

Testing Schedule 

Experiment 5 

Names and subject numbers on forms 

Mood ACL #1 

Capsule A 

CFF Test 

Payoff Instructions (first session only) 

Capsule B 

P3MT Instructions (first session only) 

Time Perception Test 

CFF Test 

Mood ACL #2 

First PSMT 

Second PSMT 

Time Perception Test 

Mood ACL #3 

Dismissal 
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where 

LC (R) • total number of right answers In letter-checking 

trials, and 

LC (C) - number of right answers In letter-checking, corrected 

for guessing. 

This Is based upon chance expectancy, since there were 9 Item words in 

each class, all beginning with different letters. The LW scores would 

not be adjusted. 

Although payments were based upon LC (C), we planned to analyse 

results both with LC (C) and with LC (R). This would Indicate whether 

drug enhancement/impairment depends upon the premium placed upon willlngnes 

to guess. 

Results and Discussion 

The mood ACL and the two perceptual measures were primarily Intended 

to assess the consistency of Individual differences in drug response, and 

their predictability from personality measures. This requires data from 

additional experiments. Consequently, systematic presentation of these 

findings will be deferred for a future report, and they will be discussed 

here only to the extent that they reflect upon our present topic. 

Table 2 lists PSMT means for the four drug conditions, corrected by 

least-squares fit for the slight "order" biases created by subject 

dropouts. Results are combined parametrically to show main effects: 

e.g., a drug's mean for "letter writing" (LW) was computed from combined 

data for all LW trials regardless of list length or average storage 

load (SL). Drug means under LC were also computed from combined list 
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Wngtha and SL, but were obtained alternatively aa LC (R) fpercent right 

anawera baaed upon total poaalble correct] and LC (C) [percent right 

anawera corrected for guessing, as described above«] Where not otherwise 

specified, the means in Table 2 were computed from combined LW and 

LC (C) scores. 

Analyses of variance for the sequentially-balanced model were 

performed with each of the 14 dependent variables listed in Table 2, 

according to a program which adjusts suns of squares for unequal subclass 

frequencies due to subject dropouts based upon least-squares estimates 

of farameters. The resulting F-ratios (d.f. - 3, 138) are included in 

Table 2. 

Where significant F-ratlos (p < .OS) were obtained, paired comparisons 

of drug treatments were evaluated by t-tests. Since the different drug 

effects represent separate, prior hypotheses, no adjustments for multiple 

comparisons were made. The results of these paired comparisons are given 

In Table 3. 

Looking first at total scores, one observes that dex was significantly 

superior to am or placebo, and non-signiflcantly superior to dex + am. 

The margins are closely comparable whether the LC scores were corrected 

for guessing, LW + LC (C), or uncorrected, LW + LC (R). Dex + am was 

significantly better than am, and almost significantly better than 

placebo. The differences between placebo and am did not approach 

significance. Thus, the 100 mg dose of amobarbltal seems to have been 

consistently ineffective: it produced little, if any, difference in the 

d-amphetamine effect when combined with dex, and gave essentially a placebo 

effect when administered separately. 
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Drug Means by 

D«x 

Percent Correct: 

9-word lists 58.7 

12-word lists 58.6 

15-word lists 56.4 

18-word lists 56.2 

Si - 3.0 70.0 

SL - 4.0 55.6 

SL - 5.0 46.0 

LW 55.3 

LC (R) 56.9 

LC (C) 59.1 

Total, LW + LC (R) 56.1 

Total, LW + LC (C) 57.2 

First '<%st in session 57.2 

Second test in session 57.2 

Percent omitted: 

LW 18.5 

LC 19.7 

LW + LC 19.1 

* —► .01 < p < .05 

** —.001 < p < .01 

Table 2 

Levels of Task Parameters 

Am Dex f Am Placebo 

57.4 60.2 57.7 

56.3 57.3 56.9 

53.9 54.6 54.2 

54.9 56.5 55.1 

68.0 69.9 68.9 

54.2 54.6 53.8 

43.8 45.9 44.5 

53.6 55.3 53.9 

54.7 55.8 55.0 

57.1 58.3 57.5 

54.1 55.6 54.5 

55.4 56.8 55.7 

55.8 57.2 55.2 

54.9 56.5 56.2 

20.7 17.3 20.1 

21.9 19.1 22.0 

21.3 18.2 21.1 

F 

* 
3.07 

2.37 

* 
3.48 

1.89 

2.94 

1.85 

3.44* 

2.59 

2.62 

2.35 

i 
3.79 

* 
3.77 

* 
3.23 

2.57 

4.03 

3.35 

** 
5.46 
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Tnble 3 

Paired Comparisons of Treatment Means Having 

Significant F-Ratlos 

Percent Correct: 

9-word lists dex + am > plac £ am 

15-word lists dex > dex + am > plats > am 

SL - 3.0 

SL - 5.0 

dex > dex + am > am 

dex > dex + am > am 

Total, LW + LC(R) dex > plao > am, dex * am > an 

Total, LW ♦ LC(C) dex > plao > am, dex + am > an 

Percent Omitted: 

LW 

LC 

LW + LC 

an > plao * dex + am, an > dex, 

plao > dex > dex * am, an > dex + an, 

an > plao > dex ¿ dex + am 

> —*- Significantly greater, at or beyond the .05 level 

> —► Non-signlficantly greater 
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Analysis of the drug effects by separate task oarameters reveals 

little suggestion of oiderator Influences. Although the F-atlos ranged 

from 1.85 to 3.79, this must be attributed largely to differences In 

error variances resulting fron different numbers of observations, 

superiority of dex over placebo vas maintained, throughout, by about 

the same small margin. The only moderating Influence worth discussing 

Is the latency" effect. The enhancement margin of dex over placebo 

In the first test per session was over twice as great as In the second 

test, and so was that of dex + am. Although the differential Is not 

statistically significant, It is In the same direction as the results 

of Experiments 1 and A — the only previous experiments In which two 

separate FSMT tests were given per session. This may represent a drug 

latency effect, or It may be that the enhancement Influence is weakened 

with test repetition. This would be consistent with the "anti-panic" 

hypothesis, since anxiety should tend to diminish with adaptation. It 

certainly does not support the contention that dex enhancement Is entirely 

due to mitigation of fatigue or boredom. The antl-fatlgue component, by 

Itself, would yield least enhancement In the first test — a result 

opposite to that observed. 

Inspection of the "omit" frecuencias reveals that dex, and especially 

dex + am, caused subjects to omit fewer answers than when given placebos. 

(As usual, am alone had no effect.) This suggests that dex and dex + am 

made the subjects more willing tc guess. However, this suggestion Is 

denied by the comparison of drug effects upon LC (R) and LC (C) scores. 

The margin of dex over placebo was only 0.28% greater with LC (R) than 

with LC (C), and the margin of dex + am over placebo was 0.10% less with 
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LC (R) . The margin of placebo over am was identical under both 

methods of scoring. This shows that guessing caused virtually no 

change In the observed drug effects, indicating that essentially the 

same number of wrong answers were made under each treatment condition. 

The reduction In number of omits under dex or dex + an is now readily 

explained: Fewer answers were emitted because more answers were known. 

Finally, we must consider the Implications of the dex + am results. 

It was hypothesized that this combination, by producing stronger affective 

changes than dex alone, would lead to greater enhancement under the "anti- 

panic" hypothesis — provided that the direct cognitive impairment produced 

by cm was not excessive. Results for am given separately show that this 

Impairment was Indeed not excessive, or even measurable. Thus, the 

hypothesized mood elevation from addition of am to dex did not lead to 

batter performance. Unfortunately, this Increased mood elevation proved 

to be purely hypothetical. Dex produced significant (p < .01) increases 

In "vigor," "confidence," "elation," "social affection," and "surgency;" 

It significantly reduced "fatigue" and "sadness." But Instead of heightening 

the dex effect, dex + am produced weaker effects upon all seven of these 

mood variables. Similar results were found with CFF. Since dex am 

failed to exert the desired mood effect, the performance data from this 

drug combination are of no help in evaluating the role of affective change 

In performance enhancement under "stress." The reduced enhancement could 

be attributed either to cognitive impairment or to weaker need effects. 

However, the task-parametric annlvsis provides some relevant information, 

which we shall use to evaluate the three hypotheses advanced to account 

for the reversal of dex enhancement In Experiment 4. 
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Hypothesis I - that dex enhancement will reverse whenever task 

demands reach a given range of difficulty - Is not supported by the 

present data. Of the parameters that were manipulated, storage load 

had the greatest effect upen difficulty. The highest level CX - 5) 

produced 44.5% correct responses under placebo, which Is comparable to 

the 40.3% correct produced by the hlch Input rate of Experiment 4. Yet 

varying the storage load had little effect upon the dex enhancement 

margin, which was greatest at SL - 4, only slightly less at SL « 5, 

and least at SL ■ 3. Enhancement was significant at both of the higher 

levels. List length also made no consistent difference, with slightly 

less apparent enhancement at both the highest and the lowest lengths. 

Hypothesis 2 - that dex enhancement Is dependent upon how answers 

are recorded - was also dlsccnflrmed. The margin of dex over placebo 

differed very little with recording technique, and was actually lowest 

with LW. Thus, the Improvement under dex cannot be attributed to being 

able to write down letters faster. 

Hypothesis S - that dex enhancement Is reversed by Input-filtering 

requitements Imposed only by high data rates — cannot be directly evaluated 

from the present data. It is indirectly supported by the dlsconflrmatlon 

of the other hypotheses, which seems to exhaust the most plausible 

alternatives. A more direct test of H3 is difficult, since It deals with 

intervening variables not directly observable. 

Ccnclusions 

After five experiments In the same task framework. Involving eight 

psychoactive drugs and drug-combinations, we may conclude as follows: 
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when normal young adults are rested and well motivated, their performance 

In concomitant registry, storage, and retrieval operations Is remarkably 

stable. 

"Well-motivated" refers tc the restriction of task length to less 

than forty minutes, and further Insurance by strong monetary incentives. 

"Remarkably stable" refers to the fact that no medication yet tried has 

either Impaired or Improved perfomnce to any narked degree, although 

ell dosages have been within clinlcally-effectlve ranges. 

Of the various compounds thus far Studie'’,, (¿-amphetamine continues 

to be the best candidate for performance enhancement. The margin of 

Improvement Is small, usually three to four per cent above placebo levels, 

but has repeatedly reached statistical significance. Within certain limits, 

It does not seem to matter much hew the conditions are varied: drug dlsgulsal, 

placebo vs no-drug controls, practice effects, methods of answer recording, 

penalization for guessing, storage load, item list length, or data Input 

rate. The enhancement Is still there, small but reliable in the mean. 

The sole exception occurred when extremely high data rates were employed. 

How the enhancement is accomplished remains In question. Our results 

seer, to contradict the notion that amphetamine enhancement depends upon 

the prior existence of boredom or fatigue. Neither, in the present context, 

does it seem, attributable to direct cognitive stimulation: the evidence 

cited on page 4 implies that amphetamines do not improve running memory 

span per se. 

The "anti-panic" interpretation has been confirmed by some of the 

findings and opposed by others. It has not been ruled out, but remains 
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an unconfirmed conjecture. 

When task parameters are manipulated, affective responses to 

threatening" task demands are interwoven with changes in strategic 

requirements to an extent which defies interpretation of just what it is 

the drugs are doing. Consequently, it seems necessary that affective 

components be manipulated via narameters extrinsic to the task structure. 

Thus far, such manipulations - involving the reward-punishment structure 

have yielded only suggestive trends. This implies the need for more 

powerful and potentially disruptive manipulations. Further clarification 

may be afforded by analysis of individual differences in the drug response 

do they involve differences in susceptibility to "threat"? 
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Abstract (continuad) 

Results shoved significant enhancement by ¿-amphetamine in total performance 

across conditions, with no indications of dependency upon storage load, list 

length, or method of transcribing answers. The margin of superiority over 

placebo shoved little variation across these conditions, nor was it appreciably 

changed by correction for guessing. Amobarbltal given separately was cloaely 

comparable to placebo. When combined with ¿-amphetamine, it produced a non¬ 

significant weakening of the enhancement effect. Contrary to expectation, it 

also weakenad the mood effects. 
These results indicated that amphetamine enhancement does not crucially 

depend upon task difficulty within the ranges employed, nor upon length of 

exposure to task or the motor requirements of answer-writing, nor does it 

depend upon the premium placed on willingness to guess. Reversal of d- 
amphetamine enhancement, obtained in the preceding study, was tentatively 

attributed to Increases in requirements for input "filtering/1 l.e., the 

need to reject usable data when processing capacity is overtaxed: Amphetamines 

make people reluctant to accept the need to "filter". This was the only 

hypothesis that was not overthrown by the data. 




