T AP L TRE Y - e aea . R
4."":'?'*1'":\»1‘.». ".‘-,‘:":',,:'

.- M‘w&n Besn Appﬁvﬂl
- - for Public Ralaase And Sals;
" ifs Distribution - Untimited.

.

S0

b

. i
Y

,‘f“:‘v‘

w

Reproduced From
Best Available Copy L

4
- N
i
3
$
&
~ e
:
t
i
i
2
i

Reproduced by

NATIONAL TECHNICAL
INFORMATION SERVICE

Springtield, Va. 22151

INSTITUTE FOR RESEARCH
257 SOUTH PUGH STREET
.STATE COLLEGE, PENNSYLVANIA 16801




This document has been approved for public
releesse and sale: its distribution is
unlimited

Performance Enhancement under
Task Induced Stress

Paul . Hurst

Report Mo. ONR-H-71-1

Final R eport

Period Covered: 1 March 1964 - 28 February 1971

March 1971

The research reported herein was supported through Contract Nonr 4423(00)
Project Ho. NR 144-189/12-7-64 betveen the Institute For Research snd the
Physiological Psychology Branch of the Office of Maval Research

Reproduction in whole or in part is permitted for any purpose of
the United States Government

DIVISION OF PSYCHOBIOLOGY
INSTITUTE FOR RESEARCH
STATE COLLEGE, PCNNSYLVANIA 16801




UNCLASSIFIED

Securtty Classification

DOCUMENT CONTROL DATA-R&D

Security clas <ilication of ritle, bodv of abstract and indexing wannotation must be entered when the overall report is classilied)
1 OXIuIiNA TING ACTIVITY ¢Courporare author) 28, REFORT SCCUFITY CLASSIFICATION
I F ;
nstitute For Research Unclassified
257 South Pugh Street 7h. crour
State College, Penna. 16801

Y Ot tet1

Performance Enhancement under Task Induced Stress

4 DESCHIFIIVE NOTES (Type of report and inclusive dates)

Final Report

2
5
.|:;‘
2
%
3
I
3
x
5
3
g
5

»

AU T~ORS) (First name, middie initial, last name)

Paul M. Hurst

6 REPORT DATE 78. TOTAL NO. OF PAGES 7b. NO. OF REFS

March 1971
.

6a. CONTRACT OR GRANT NO. 98. ORIGINATOR'S REPORT NUMBERI(S}
Nonr 4423 (00)

b. PROJECT NO. ONR-H-71-1
NR 144-189/12-7-65

<. 9b. OTHER REPORT NQIS) (Any other numbers that may be assigned

this report)
d.

10. DISTRIBUTION STATEMENT N

This document has been approved for public release and sale: its distribution
is unlimited

11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTH/ITY

Office of Naval Research
. Physiological Psychology Branch
E;;y : Washington, D. C. 20360

13. AB'S_T_%’Q:CT ,".- -
f;Zhia—éiaélAreport summarizes published and unpublished research on a project
investigating potentials for acute drug enhancement of performance under stress.
Stressors include various task dimensions such as input pacing, memory storage
requirements and competitive associations. Potentially deleterious influences
from drugs, which could act toc nullify enhancement gains, were also investigated.
These include judgment impairment and rebound as aftermath of medication. Con-
current observations are reported for moderating influences such as individual
differences, incentive motivation, fatigue, suggestion effects, stage of practice,
task complexity, and association and usage frequencies of learned materials.
Results suggest certain crucial task dimensions for performance enhancement or
impairment by stimulant drugs. Task dimensions are also identified that moderate
the impairment effects of commonly used depressant drugs such as alcohol, chlor-
diazepoxide and the barbiturates.

N

\
\

FORM .
DD "%..1473 (PacE D) UNCLASSIFIED
S/M 0101.807-6801 Security Classification




UNCLASSIFIED

Security Classification

KEY WORDS

LINK A

LiNxk B

LiINK C

HOoLC

w1

ROLEFE wT

HOoL ¢t

Stress

Drugs

Input Pacing
Storage Load
Anxiety

Task Demands
Memory

Learning -
Delayed Recall
Drug Rebound
Paried Associates
Driver Impairment
Redundancy

Overload

DD ""..1473 tsack)

(PAGE 2)

UNCLASSIFIED

Security Classification




1. Publications Supported in Whole cr Tart by this Project
Techinical Reports

Hurst, P.M. & Weldner, M.F. Drug cffects upon performance under task-
induced stress. Division of Psychobinlogy, Institute For Research,
1966. Report OHR-H-66-1.

Hurst, P.l. A vieupcint on drug eniazemant., Division of Psychobiology,
Institute For Reszarch, 1.66. Report ONR-H-66-2,

hurst, P.M, & Weidn2r, M.F, Drug ef{fc2ts upon cognitive performance under
stress, Division of Psychobiology, Lnstitute For Research, 1966.
Report ONR-l~66-3.

Hurst, P.M., Perchonok, K, & Lagley, S.K. Drug effects upon performance
as a function of d:ta input rate. Divisina cf Psychobiology, Imstitute
¥Yor Research, 1967, Repo:rt OJR-1i-67-1,

Hurst, P.., Radluw, R, & Bagley, S.K. Drug effects uvpon data processing
as functions of storage and retrieval parameters. Division of Psycho-
biology, Institute For Research, 1968. Repoxrt h-67-2.

hurst, P.M., Radlow, R. & Bagley, S.K. The effects of d-amphetamine
upon acquisition, persistence and recall. Division of Psychoblology,
Institute For Research, 1968. Report ONR-H-68-1.

hurst, P.l., Chubb, ¥.C. & bagley, S.K. Rebound from d-amphetamine.
Division of Psychobiology, Institu*e For Research, 1969. Report
ONR~-k~-69-~1,

Hurst, P,M., Performence e~“ancemeat under task induced stress. Divisin
of Psychobiolcgy, Institute For Vescarch, 1971, Report ONR-h-i1-1,

Journal Articles

Hurst, P.M,, Radlow, K. & Bagley, S.K, Th

urst, P.M,, Radlouw ley, S,K, Th
and chlordiazapoxide on strength and est
1963, 11(1), 47-52.

a ects of d-amphetamine
imated strength, Ergonomics,

Hurst, P.M., Radlow, R. & Perchonok, K. Some dimensions of affective
response to drugs. Psychsl, Rep. (menog. suppl.), 24, 239-261,

«durst, P.M., Radlow, R., Chubb, N.C. & Baglev, S.K. The effects of
d-amphetamine upon acquisition, percistence and recall, Am, J. Psychol.,
1969, 52(3), 307-219,

#liurst, P.M., Radlow, R. & Bagley, S.K. Drug effects upon data processing
as functions of storage and retrieval parameters. Ergonomics, 1970,
13(4), 435-444.




*Mlurst, P.M. & McKendry, J,ii, Effects of redundancy on performance under
overload stress. Percept. & Motor Skills, in press.

Fook Chapter

Hurst, P.M, Judgwent distort{on by amphetamines: some moderating influences.
In Lvang, W.0. & hline, N,5. (eds.), Psychopharmacology of the Nexmal
human. Springfield, 111,: Charles C. Thomas Co,, 1969, pp., 189-1993,

Submitted for Pudblication

McKkendry, J.M. & tlurst, P,M. Adaptation to speed stress in an immediate
meniory task

Hurst, P.M, Relative hazard at lov blood alcohol: a statistical riddle

*tiurst, P.H., Chubb, N.C. & bagley, S.K. Rebound from d-atphetamine

In Preparation

hurst, P.!, & Bagley, S.K. Effects of alcohol and methylphenidate on
complex judgments

*
Revision of earlier technical report




11, Summary of Accomplishments on this Froject

This section summarizes technical findings, theoretical developments,
methodological innovations, and implicatious for utilization. It is
intended to gulde the reader to topics of interest that he may wish to
pursue In Sectfon 111, and cilso for the busy administrator who nceds a
brief overview of the scven-year effort.

A, Major Findings {rom this Rcscarxch

1. It was demonstrated that performance enhancement from
d-amphetamine in a learning situation derives, at least in part, from
enhancement of learning :. - o2, (Previour demonstrations had left some Goubt
of this in that the etfect of the drug during tests given to demonstrate
learning accomplishment had not been scparated from the effects on original
learning acquisition.)

2. It generally confirmed the previously reported wide range of
performance enhancement by amphetamines at tasks of varying complexities and
stages of learning, establishing a new anchor point at the simple end (grip
strength).

3. It demonstrated that learning under these drugs 1s not state
specific: It appears to transfer equally to a subsequent drugged or non-
drugged state.

4, The research explored several possible sources of adverse effect
from such medications. The much-feared impairment of "judgment” was found to
occur, but only in certain situations. Amphetamines appear to induce greater
self-confidence when ago involvement is high, but the effect is small and may
serve only to raise underconfidence to a realistic level., The possibility of
day-after "rebound" was also explored. It was found that it is possible to

administer single acute dosages 1in amounts sufficlent for temporary enhance-




ment fn at least some tasks without a measurable rcbound below the pre-drug
baseline. In general, enhancement influences were stable over a wide range of
tusk parameters, The only significant instance of reversal (impairment)
occurred in a data processing task at an extremely high iunpuc rate. This was
not a function of difficulty per ¢, and was tentatively sttributed to an
ettect on tiltering strategies.

It was also found that the enhancing fnfluence of some stimulants may
be reduced when a task has been very highly practiced, Conversely, the
detrimental effect of a depressant (sccobarbital) appears to le reduced by
increasca proctice even when such practice takes place without the drug.

5. The possibility was explored that such drugs consistently
enhance performance in some persons but have alless positive, or possibly
negative, effect on others. This question has obvious practical as well as
theoretical implications. It was found (by a test-retest design) that there
is some personal consistency in this respect, but it was not possible to
predict such individual differences from any of three comprehensive person-
ality inventorfes. At present, the best predictor of the drug's effect
seems to be a pretest with tne drug on the particular individual.

6, Implications were explored for increased enhancement possibi-
lities. It was found that the facilitative effects of stimulants do not

R R P Y s P S $
depend on the prior exlstence of {atigue, boredom, or low motivation: They

can still occur even when task conditions lead to & moiivation that is "stress-

fully" high, as suggested by self-ratings on the Nowlis "anxiety" scale. In
fact there was soue evidence that the drug-enhancement influence may be
greater under sucih circumstances, i,e., incentive payments or initial exposure
to a highly demanding task., It was previously feared that stimulants, while
useful to tatigued personnel,would have a reversed effect under conditions of

high arousal, Tnis now appears to be considerably less likely.
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B. Theoretical Significance
Several of the {indings discussed above have rather broad theoreticai

ramitfications. Among these is the demonstration of true learning cffccts, and
the development of a measarcement paradigm for such when drug treatment is the
inuependent variable. This rescarch generally disconfirms the notion that drugs
interact with wotivational levels in a simplistic manner, as via the Yerkes-
Dodson principle. There is, iustcad, increased cvidence for a complex performance
role on the part of mood-related, volitional influences. At least one
negative dcmonstration has been macde with respect to the "state dependency'
hypothesis, as it concerns drug effects on human learning. Finally, there
is the negative evidence: the fallure to predict individual diifercnces
in drug cffects on the basis of persouality inveutories, even though the
former are of a potentially-predictable consistency. This suggests that such
popular instruments are missing some aspects of trait organization that may
be crucial at a rundamental level of behavioral chemistry.

C. Methcuolugical Developments

Several procedural innovations were employed in connection with the

findings discussed above. Among these is the delayed~recall paradigm for
learning effects, and a desfin for separating true drug effects from "placebo"
(suggestion) influences. The latter includes the drug-disguised condition
previously employed by others but includes a complete factorial arrangement
for resolution of "placebo'' influence, "true'" drug effect, and thelr inter-
action. A computerizea analytical scheme has been developed for least-squares
parametric estimates in sequentially balanced designs where Imbalances, due
to subject dropouts, occur. This is based on well-known mathematical pria-
ciples but is superior to any appreach currently available in "coolbook" form.

The most significant metlhiodological development (not discussed above)

occurred from this project in conjunction with another program of drug
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experiments. This was the invention of the "modified group mean” (MGM)
technique of generating a correlation matrix for factor analysis, This scheme
allows the resolution of "drug x response" factors as distinguished from the
customary "subject x response" factors. Like Cattell's P-technique, it

focuses on the dimensions of state variation as opposed teo the "trait" dimensions
of the orthodox R-technique. lLovever, it incorporates the stability of group
means ana larpely restricts ac variations being analyzed to those produced by
drugs. Thus, data from several experirents having a common- set of respounse
measures can be used to resolve a set of "drug' dimensions: a respomse space
within whkich any drug treatment can be expressed as a vector determined by

its factor-score projections. This approach has been used to shou that an
amphetawine (either dex or racemic) has three separate, mood-related components,
These are distinguished from one ancther by differential latency peaks

and differenctial dosege/response functions.

D. Utilization ¢f Findings

he question of utilizatiou is a rather sensitive issue due to the drug~

abuse noteriety oi some of these compounds (the amphetamine group). However,
such concern may be exccssive. They: are routinely prescribed for diet, and
there would seem to be considerably less risk (and more of a r-arrant) for their
occasional acute, controlled use in urgent military situations. Appareantly,
they are made available to astrcnauts, on the presumption that such employment
is justified when it is vital to bring a man up to his full potential in a
fatiguing or otherwise stressful situation. Such practices may be warranted,
particularly in view of the demonstration that no measurable "'rebound" occurs

from single acute doses administered under mecical supervision, even though

these same aoses have been shown to ennance performances on a variety of cognitive

and perceptual-motor dimensions. TFor the navy's mission, the type and degree of

. it
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enhancement thus far demonstrated must be evaluated by the cognizaut medical
auvthorities in the light of anticipated task demands from various operations.
in these is need for more research on moderator influences to turnish increasingly

precise guiddlines to such decision makers.
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I1I. Review of the Research Lffort

In this section we shall attenpt to convey our general purpose in
undertaking this program, and to expiaiu the strategic sequences which
arose during the course of the investigations. This will be done in
connection with the sumarized findings of each study in turan. Wth
published studies we shall reproduce the origiral abstracts or summaries
with references to guide the reader who wishes to pursue matters further.

To appreciate the goals of this project, one necds as a point of
departure the state of the art at its inception in 1964. It has been
demonstrated that a wide range of human mental and physical performances
could be enhanced by drugs of the “stimulant" type (Weiss and Laties,
1962; Laties and Weiss, 1966). There have also been numerous separate
reports of enhancement by various "depressant' drugs (Hurst, 1966), but
the latter are tricker due to the strong likelihood of impairment in-
stead of enhancement depending on sensitive considerations of dosage,
latency, task variables, personality, and their many interactions. The
stimulant group (notably amphetamines) seemed therefore the more attrac-
tive choice for a starting point. However, despite the numerous posi-
tive reports, there were also many of "no effect' and a few of actual
impairment. We therefore set our task to try to discover the crucial
parameters that thus differentiate the outcome. So as to vary only a
fev things at a time, controiling other influences, we conducted many of
our experiments within a common task framework, the paced sequential
merory task (PSMT). From time to time, specific questions or problems
arose that initiated excursions into other task frameworks, conceptual

modelling, or methodological rxesearches.
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A. Literature Review
Our first effort was to rcview the published literature for

verifiable instances of drug enhancement, and to dravw there from some
inferences as to what drug enhancement is all about: what behavioral
mechanisms nay be invoived, what task parameters embody them, what
drugs affect these mechanisws and Low such effects may be manifested
in performance indices that are also influenced by other properties of
any particular compound. We were inpressed by the complexity of the
problem, being convinced that rost pesychoactive drugs do more than one
thing at a time and that adequate understanding therefore requires a
large number of observation polnts. The following modified abstract
describes this initial orienting effort:

Hurst, P. M. A viewpoint on drug enhancement. Divi-

stion of Psychobiology, Institute For Research, 1966.

Report ONR-H-66-2.

Abstract: Pertinent experimental literature is re-

viewed concerning drug enhancement of cognitive per-

formance. Results are synthesized into a viewpoint

concerning psychological mechanisms by which perform-

ance can be enhanced, with emphasis upon stressful

situations. Criterla are advanced for operational

distinction of tasks and/or situvatiomns where enhance-

ment effects may be predicted for particular classes

of drugs. Preliminary specifications are devised

for experimental verification of parts of the

theoretical framework. (67 refs.)
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B. The Pacea Sequential Memory Task
The suggestion of an "anti-stress’ component in stimulants of

the amphetamine group imsplred the first series of experiments with the
PSHT. Most descriptions of such cuo.pounds concern dimensions related to
thelr analeptic properties: “'CHS stiwalation,” ~arousal,”’ "energizing
properties,  etc. Hence, once would not expect them to benefit perform-
ance 1n "'stressful” situvations, e.p., those in which subjects may be
hampered by disorganizing emotional influences. A “stimulant’™ might be
expected to huri such performunces rather thuan help them., Consequently,
efforts to improve performance in such situations had customarily em-
ployed depressant’ drugs such as the opiates, barbiturates, or varlous
ataractics, in the hope that emotional normalization would offset any
direct cognitive impalrment produced by such agents.

Mood measures, how:ver, suggest that ''stimulants” of the amphetamine
group do more than is simply predictable from their analeptic properties.

Increases in self-reported 'boldness, confidence,' etc. and in risk-
taking (Hurst, 1962) suggest the presence of a component that might have
anti-stress effecvs. If it exists, this component could render such agents
preferable to the depressants for 'stress’ situations since the former
do not usuvally impair cognition in unstressed subjects: i1if anything, they
usually tend to improve it.

Consequently, we set out to compare two stimulants with a minor
tranquilizer and a no-drug baselin~ condition. For the task framevork,
we chose the paced sequential memory tosk (PSMT) devised by lloyd, Reid
and Feallock {1968). This tan’t was vmploved in five related studiles
with d-amphetamine and various comparison drugs and will be briefly des-

cribed.
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The stimulus materials are presented orally by tape recordings and
the responses are made with paper and pencil. The materials to be re-
called, and their recall points, are intermixed. A word sequence con-
sists of '"member” words (e.g., pine, tin, polo) with 'Class’ words
(e.g., tree, metal, sport) interspersed. When a class word is presented,
the subject must recall the most recently presented item that belongs to
that class (e.g., for "tree' recall “pine,"” etc.). The average storage
load (gf) can be systematically manipulated, and has been found to be a
good predictor of performan;:‘over a range of task variations.

Since this task requires concurrent, mutually-interfering operations
of registry, storage and retrieval, it was presured to have a certain
intrinsic stressfulness. This was subsequently confirmed according to
mood self ratings, which showed a significant peak in the "anxiety”
cluster correlated with test onset. In the first two experiments, stress

was further manipulated via monetary performance incentives.

Hurst, P. M. & Weldner, M. F. Drug effects upon performance under task-
induced stress. Division of Psychobiology, Institute For Research,
1966. Report ONR-66~1.

Summary
An experiment was performe& to test the interaction between drug/
placebo effects and incentive conditions in a "task-induced stress’ frame-
work. Its purpose was to test hypotheses concerning the relative roles

of "psychoanaleptic' and "anti-stress' components in the drugs involved.
Sixty-three student volunteers were administered either d-amphetamine

sulfate (10 mg), methylphenidate HC1l (10 mg), chlordiazepoxide HC1 (10 mg),

or no drug. Half of each group received a capsule (placebo effect) and
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[

Ak St




13

half did not. In all cases, the drug vas disguised in decaffeinated
coffee given under the cover of a "taste perception test."
Self-ratings of mocod were obtained with the Nowlis Adjective
Check List. Performance scores were obtailned from two tests with a
forced-paced scquential memory task (PSMT). Turing the second test,
mot lvation or 'stress' was manlpulated by requiring half of each drug/
placebo group to work for a fixed ("low stress') payoff and half for
an incentive payoff based upon performance (''bigh stress’).
Significant mood effects were generally limited to changes in

“fatipue' and "vigor,' attributable chieily to the mnerglzing effect

of d-amphetamine. In the PS!T, superior performance was obtained

from d-amphetgpine groups relative to the other drug and no drug groups.
This superiority was significant at p < .025 during the first test,

but declined progressively, and failed to reach statistical significance
during most of the second test. The superiority of d-amphetamine over
methylphenidate or no drug was limited almost entirely to the "high
stress' condition. Essentially the same results were obtained regardless
of whcther subjects knew they had taken a drug.

Since the superiority of d-amphetamine was greater (1) under high
stress and (2) during the earlier stages of testing, the results lent
some support to the postulate of an "anti-stress' component for this
drug. They tended to contradict the viewpoint that cognitive performance
enhancement by amphetamines is dependent upon the prior existence of
fatigue or boredom.

The first experiment had produced results suggestive of an anti-

stress effect from d~amphetamine but part of the evidence was based on

ek A A ottt e e | s e b




trends that were short of statistical significance. It was desirable to
replicate part of this study, using an increased number of subjects.
However, we decided to disgard the drug conditions showing little promise
and to add some combination drugs that might helghten the effccts ob-

served with J-amphetamine alone:

twurst, P. . and Weidner, li. F. Drug effects upon cognitive performance
under stress. Division of Psychobiology, Institute For Research,

1966. Report ONR-H-66-3.

Summary
Experiment 2

Experiment 1 had shown some significant improvements of d-amphetamine
over no-drug groups at the PSIT, with some indications that an anti-stress
component was instrumental. Experiment 2 therefore included the previous
dosage (10 mg) of d-amphetamine, taken either alone, combined with 50 mg
sodium secobarbital, or combined with 10 mg chlordiazepoxide HCl. The
additives were predicted to yield increased stress-mitigation. These medi-
cations were compared with 'no drug.

A total of 136 paid student volunteers were randomly assigned to the
four drug groups. Half of each drug group received a placebo capsule
before testine, and half did not. The active drugs were dissolved in de-
caffeinated coffee administered in the puise of a taste perception experi-
ment to increase the procedure's plausibility. The medicatioas were in-
gested 65 minutes before the start ot the 50-minute test session with the
PSMT.

Level of stress was manipulated by randomly assigning half of each

drug x placebo group to a fixed payoff condition, and half to 'incentive
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payoff”' where the subjects' remuneration for the experiment was gtrongly
dependent upon his performance in the PSMT. Thus, a factorial arrange-
ment was achloeved for drup x placebo x incentive conditions, similar to
that cmployed in ECxperiment 1.

No significant trecatment effects were obtained with the PSMT.
Althouph all threc drug treatments produced higher means than ‘no drup,”
the differences were smaller than previously obtained. Performance self
appraisals were gzenerally biased downward, although this bias was signi-
ficantly {p < .05) reduced by the placebo effect. There was no sipgni-
ficant drug or incentive effect upon this bias, althouph d-amphetamine
showed a tendency to produce less favorable self-estimates of perform-
ance than any of the other drug/no-drug conditions, particularly when
the placebo effect was elso present. This finding is contrasted with

;hat of Smith and Beecher (1964).

Coutrary to some published results, no significant treatment effects

were obtained regarding bias in estimated time duration.

A number of significant treatment effects and interactions were
observed with the various mood factors measured by the Nowlis MACL, with
the drug combinations produciuy effecis which were gemerally stronger,
and sometimes opposite from, the effect of d-amphetamine taken alomne.
The Jd-amphetamine + chlordiazepoxide combination yielded a mood profile
that differed strikingly from that of the d-amphetamine + secobarbital
combination.

The next experiment had the following goals:

1. To confirm or deny, with a more powerful experimental design,

the previous trends suggesting that d-zmphetamine enhances non-fatigued

performance in the PSIIT.

o
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2. To explore dosage variations in this drug, including a higher
upper limit.

3. To test the interaction of drug effects with input pacing.

4. To compare, for the various medications, the PSMT results with
those on a supplementary non-paced task.

5. To contrast the d-amphetamine effects on both these tasks with
those of secobarbital, a ‘'depressant” predicted to have anti-stress pro-
perties but which also may-affect direct cognitive impairments.

This experiment is also contained in the reference,

Hurst, P. M. and Weidner, M. F. Drug effects upon cognitive performance
under stress. Division of Psychobiol&gy, Institute For Research,
1966. Report ONR-H-66-3.

Summary
Experiment 3
Forty-eight paid student volunteers were randomly assigned to experi-
mental sequences in a Latin square balanced for subject, periods, and
residual effects. Five medications were administered on five evening
sessions spaced by one-week intervals: (1) no drug, (2) sodium seco-
barbital, 100 mg, (3) d-amphetmmine sulfate, 10 mg, (4) d-amphetamine
sulfate, 15 mg, and (5) placebo. The last four medications were given

in matched capsules. In each session, both the 42-minute PSMT and the

60-minute arithmetic task were performed under strong monetary incentives.

A 30-minute interval between these tasks was occupied by the Nowlis Mood

Adjective Check List (MACL). a time estimation task, and a 10-minute

break. The entire procedure was designed to yeild high task-induced
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"stress" and minimal boredom. Input pacing for the PSMT was varied in
counterbalanced crder within each ftcst session. Measures of mood and
performance level werez obtaincd at regular intervals throughout. Self-
appraisals of perfcriiance vers obLtaiued, and coupared with actual per-
formances to tfust for bias. Tiue juwisneats were also obtained. At the
end of each scosion, subjects were roquired to indicate how their medi-

cations had affeccted them, according to the categories 'stimulant,”

[ 1) ”

traaquilizer,” ané "no efiect.”
T

Significzar (p < .01) eshancuaent of PSHT performance was obtained

""depressant,’

with 15 mg d-auphetanin2 at both input specds. The 10 mg dosage of
this drug yielded a ncu-cignificant positive trend, comparable to the
averaged resnltc from the previous experiments. Significant (p < .001,
p € .01) enhancement of arithzatic perisrmance was obtained for the 15
mg and the 10 cg docages, respectively. Secobarbital significantly de-
pressed PSMI perforronce, and depressaed arithmetic accuracy but not total
corract. Its depressant eflects diminished with repeated exposures to
the tasks.

o significant drug effects were obtained for time estimation bias
or performance self-appraisal bias. Both dosages of d-amphetamine re-
1liably increased MACL ratings on the ‘elation" factor and decreased

ratings on the "fatigue™ factor.

The coefficient of concordcace between actual drug categories and
self-rated effects was .24 {non-significant).

The abscace of significant dvug-induced bilases in time estimation

i
!
!
i
3
4
4

was at variance with puulished data concerning amphetamines and secobar-

bital. This discrepancy did not yield to ready explanation. The absenge
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Best Available Copy
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oi significant effects upon performancce judgments such as shown by Smiti
and Beecher (1964) was also enigmatic. It was sugpgested that certain
task demand parameters may rwoderate any drug-induced tendencies toward
optimistic or pessimistic self-appraisal, an hypothesis subsequently to
be tested (Hurst, 19¢9).

The third experiment had confirmed that d-amphetamine does, indeed,
exert a dose-related enhancement influence on performance in the P3MT
by subjects who are not sleep-deprived and are working under strong mone-
tary incentives. However, the question of stress mitigation was still
in doubt, particularly since the drug also improved performance in a
simple arithmetic test that was presumably far less 'stressful." It
was possible, of course, that a different component was involved in the
latter; we may simply have been observing in the latter the well docu-
mented anti-boredom component of amphetamines (Hurst, kadlow and Weidner,
1968). To elucidare thie mechanism of PSMT enhancement, it w2s desirable

to incorporate further variations in the conditions of the PSMT itself.

Consequently, a fourth experiment was designed which included "input rate"

at a higher level, with greater tempcral separation between rate condi-
tions to allow for the buildup of emotional influences. For comparison
we also administered chlordiazepoxide HCl in a higher dosage, believing

that 10 mg dosage employed in Experiment 1 was probably insufficient:

Hurst, P. M., Perchonok, K. and Bagley, S. K. Drug effects upon perform-
ance as a function of data input rate. Divisicn of Psychobiology,
Institute For Research, 1967. Report H-67-1.

Summary

Four drug treatments were administered to each of 58 collepe student
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velunteers who scrved as their own controls in a replicated Latin square
design. The treatments werc d-amphetamine sulfate (11-17 mg), chlordiaze-
poxide HC1 (25 mg), placeto, and no drug.

Performanca was tested at a 30"minu£e paced sequential memory task
given at 70 minutes after ingestion and again at 130 minutes after in-
gestion. Inpur speed was set at two levels, 30/minute and 60/minute,
counterbalanced with respect to latency. The severe limitations on re-
sponse time imposed by the 60/minute rate necessitated a change in the
proceluyre Lor recording answers. Freviously, the subject had been re-
qulred tc wrice the first thre: letters of the correct word. Now, he was
given (under both rate conditions) an alphabet block for each answer, with
instructions to draw a line turough the beginning letter of the answerz
word.

Chlordiazepoxide significantly depressed performance at the 60/minute
level and non-significantly at the 30/minute level. D-amphetamine signi-
ficantly depressed pertormance at the 60/minute speed, and nonsignificant-
1y enhanced it at the 30/minute speed. No differentiation was obtained
with respect to the drug latency variable.

These results are opposite to what was predicted from che hypothesis
that d-amphetamine enhancement of PSMT performance, as observed previously,
reflected an anti-stress component. In view of the earlier, positive
ouctcomes regarding latency and incentive thenomena, we were not yet ready
to abandon the anti-stress interpretation. The most obvious alternative,
that only boredom-mitigation was involved, had been largely discredited
by these earlier results. However, the anti-stress concept needed to be

reexamined and the possibility of a third mechanism considered. At this
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point, therc appecrel o be threec possibilities:
Eypothesis 1: Enlicreanchn is cversced beeavse d-amphetamine intensi-
fives the emotional vesponse to "Jailure stross. ’

1t is posuible that, n~ithough the drug eancnces perforrance in a

demonstratly t:r;atcu;:g fash cituveticn, thils cefYest 1s reverced when
task deniands cppear "ifmpossible.” lrpheticines seam to increase the
ﬁtility of'high achicyemant (Evans & Julth, 19645 Huvst, 1969)-hv This
may raiSétleveJ of aspiratigz»:nd tLrs wetivate the “need to avoid fail-
ure" when the sudject reniizes that e cannot achievé sqch a level.
Threat of failure cen be remewcd by rciesing to try.

ﬁypothesis 2: The me2thod of recerding ansvers may moderate the

drug effecte. ‘ o

~The lettcr-chécking tectinigue iniroduczed to cope with the high input
rates in Expecinent 4 requires more cearching but less motor activity
than the letter-writing technique pr:viosusly employed. Tailure of en-
hancezent with ie:ter—chvcking could s5:pgest thaﬁ the enhancement pre-
viously observed, in experimentc using the letter-writing technique, re-
sultedlsinply from an increase in the cpecd with which subjects could
write dowm letters (ef. T.atiss & Wéiss, 1966).

Hypothesis 3: D-amphetanine influences data-processing strategies
in a manner w;.ch leads to impairiizii ai very high input rates.

High input raté impcser filterinn dewands which increase progressive-
ly as the rate goes up. Again essuning thar the drug increases utility
of achievemenr, thic effect w2y zouhite with increased self-confidence
to prevent a renlistic dcgrez of fiitering at very high input rates.

These hypothcses are nat fut+1ly eiclusive nor are they exhaustive,

but they seened to repraseni: th2 uure plavsible possibilities. Iypothesis
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2 could be tested very casily by simply alternating methods of recording
answers, glving tests of each type in countcrbalanced order within each
session., 7This, of course, dcwmanded use of input rates below the 60/
minute range. Discrimination between Hypothescs 1 and 2 could be aided
by varying difficulty level over a wide runge without changing input
rate -~ l.c¢., by use of a factorial arvangement of list length and aver-
age storage load, using a wide ranse of each. If difficulty per se is
the crucicl modcrator (as implicd by H1), then reversal of cnhancement
should not be spcecific to very high input rates but should occur with
any combinction of task parameters that results in similar difficulty,
as revealed by percentage of correct responses. 1f coding strategies
are affectad in a manner whose detrimental influence is specific to
high inpur rates, then enhancement reversal would not be expected under
similarly difficult ranges of list length and storage load.

It was also desirable to include another test for the role of
emotional influences. This could be provided by comparing amphetamine
and placebo effects with those of amobarbital and with a d-amphetamine-
amobarbital combination. It was anticipated that the latter would
produce a stronger affcctive response than d-amphetamine alone. However,
the barbiturate component might also produce s direct cognitive impair-
went. Interrretation of the combination drug's effect would be facili-

tated in this respect by comparing it with the effect of amobarbital

given separately:

Hurst, P. M., Radlow, R. and Bagley, S. K. Drug effects upon data pro-
cesaing as functions of storage and retrieval parameters. Division

of Psychoblology, Institute For Research, 1968. Report H-67-2.
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Summary

In this study, the drug conditions were (1) d-amphetamine sulfate
(15 mg/77 kg) (2) sodium amobarbital (96 mg/77 kg), (3) a combination
of both drugs in the same dosages. and (4) placebo. Task variariors
were imposed upon storage load, list length, and method of transcrib-
ing answers (varying motor requirements). Results were analyzed both
with and without statistical corrections for guessing.

Results showed significani enhancement by d-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 showed little variation across these
conditions, nor was it appreciably changed by correction for guessing.
Amcbarbital given separately was closely comparable to placebo. Uthen
combined with d~amphetamine, it showed a non-significant weakening of the
enhancement effect. Contrary to éxpectation, it also weakened the mood
effects, thus precluding the anticipated test of affective components in
the performance results.

These results indicated that amphetamine enhancement does not cruci-
ally depend upon task difficulty within the ranges employed. nor upon
length of exposure to tisk or the motor requirements of answer-writing,
nor does 1t depend upon tae premium placed on willingness to guess.
Reversal of d-amphetamiue enhancement, obtained in the preceding study,
was tentatively attributed to increases in requirements for input ~filter-
iag,' Z.c., the need to reject usable data when processing capacity is
overtaxed: amphetamines make people reluctant to accept the nced to
“filter." This wes the only hypothesis that was not overthrown by the

data.




Due to our perceived inability to penetrate further into the ‘“black
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box,” i.e., to measyre directly which inputs were filtered out and which
were lost by default, this study concluded the PSMT work. The results
of the entire series are summarized in the following reference, which

also includes the detailed description of the final experiment:

Hurst, P. M., Radlow, R. and Bagley, S. K. Drug effects upon data pro-~
cessing as functions of storage and retrieval parameters. Ergonomics
1970, 13(4), 435-444.

C. Learning Emhancement
From the PSMT series and other published data, it has become

established that acute doses of amphetamines can temporarily enhance a

wide variety of performances. A question now arises as to what are the

longer-term effects of such enhancement. Defering till later the questions

of physiological cost, abuse potential, etc., one may wish to consider

whether the performance effect itself represents is strictly a temporary ' f

influence, associated with fatigue mitigation, ‘anti-stress’ components,

or whatever. 1Is there also the possibility that learning may be affected

either favorably or adversely, so that the performance effects of acute

medication may greatly outlast the durétion of the pharmacological state
thus imposed? Previous researches have left chis guestion unanswered.

There have, indeed, been a number of studies in which amphetamines were

found to faclilitate performance during various stages of learning. WNone

of these, however, succeeded in isolating the effects of the (drug) agent

present during learning from those of the agent present during the test of

recall. The problem is a famiiiar one in tests of various motivational

influences. To measure incentive effects on learning, one must compare
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learning-incentive conditions on the basis of recall tested after the in-
centives have been "turned off."

Since drugs cannct be turnsd off as quickly as incentive schedules,
the only curcial test of drug cffccts on learning is furnished by czasuring
delayed recall at soma time aftex tho dovg has worn off. In addition,
it was desirable to test for state-ctccific influences by crossing over
the treatments cuployed during acguisition and delayed recall.

Paired-associates learnin? furnished the desired task {ramework. To

o
enrich the findings, we menipulated vsrge frequencies, association values,

and intralist cozmpetition. Publisued data (Dillascio, 1963; Weitzner,
1965) had shown that intralist coupetition is a moderator of certain

drug influehces during paired-associate learning, although they did

not separate these influznces on the separate functions of acquisition,
persistence and recall. Also, therc was no proof that the “competitive"
influence was from competition per se. DiMascio did not include low-
gompetition lists for ccmparison. Weitzner's high-competition lists were
more difficult than his low-coapetition lists, so the cruclal moderator
may have been difficulty rather thaa competition per se. To remove
ambiguity from our resulte, we varied usage frequency and association
value within the lcu-ccipetiticn sories so that results could be contrasted

either by difficulty leval or by cc—ratitica at constant difficulty:

Aurst, P. M., Radlow, R., Chutb, N. C. and Bagley, S. K. Effects of d-

amphetamine on acquisition, parsistcnce and recall. Amer. J. Psychol,

1969, 82(3), 307-319.

Suvzzary

The experiment was designed to measure four component effects of
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d-amphetamine in a palred-assoclate lecarning task. The drug was compared
with placebo to 1 :.-cal (1) effects upon acquisition of new material, (2)
persistence of material so learned, (3) cifects of drug present during

test of delayed recall, and (4) intcractions between drug present during

learning and drug present during tect of delayed recall. Palied ausociates
of varying degrees of usage frequency, assoclation vzalue, and intralist
competition were employed. Sixty-nine college men were tested in two
sessions, for learning and delayed rcc: 1} respectively. Presence of Qf
amphetamine (14 mg/kg) duriag learuing resulted in significantly greater
delayed recall of the low-competition 1lists and nonsignificantly greater
delayed recall of high-competition lists. The same dosage given for the
recall session had no significant c¢ffect upon delayed recall or relearn-
ing. The persistence effects attributable to drug presence during ac-
quisition were not sipgnificantly influenced by whether or not the drug was
also present during recall. In the 'presistence' data, there was no
suggestion of an interaction between drug effect and usage frequency.
There was a trend toward interaction between drug and competition, in the
dicection vreported by Weltzner as reflected by the significance of drug
effect at low competition but not at high competition. This may, however,
have been due to difficulty as opposed to competition per se, there being
a sipnificant interaction between drug and association value. However,
this in turn may have been a celling-effect artifact due to the ease of
the hipgh-association lists. Consequently, one caunot conclude that the
observed versistence effect was moderated eirher by difficulty or by
competition per se.

D. Complex Data Processing

In a study whose results are still being analyzed, we undertook

»
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to measure complex information-processing and decision-making influcnceo
in the framcwork of bidding problems from contract bridge. We wanted a
task of such complexity so as to study the interactions of drug effects
with such information-thcoretic parameters ss storage load, ambipuity,
and response format (whether the adequate response must be secarched for,
from a stored repertoire, as opposed to sclection among multiple-chioice
alternatives.) Because of the necd for highly extensive pretraining in
such a complex situation, it secmed undersirable to construct a new ex-
perimental task; rather, we sought a task for which reasonably proficient
subjects alrecady cxisted. In addition, we wanted to test the interaction
between expertise and the drug influences. We had previously found that
increased practice tended to reduce susceptibility to amphetamine enhance-
ment or barbiturate impairment. There is also evidence that alcohol has
less effect on highway crash probability in more experienced drivers,
although the driving experience variable is contaminated by a number of
other demographic attributes.

In this experiment, fifty student volunteers served as their owm
controls in a balanced Latin square design including (1) ethyl alcohol,
60 g/70 kg, (2) methylphenidate HC1l, 12 g/70 kg, (3) methylphenidate
I'Cl, 20g/70 kg, and (4) placebo. They were pre-tested without medication
to measure initial proficiency and derive an experimentally-independent

response distribution for the 160 problems subsequently employed. This

was used to derive ambiguity' indices according to the information measure.

During subsequent drug sessions, these same problems were used again (with-
out feedhack of rasults)  each problem heing given once in open response

format and once in closed, multiple-choice format. The format variable
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was counterbalanced with storage load (no. of preceding bids) and the
competitive-non compeiitive bid variavle, and all three of these vari-
ables were counterbalanced for drug latency.

Since analysis is still in progress, no results summary is avail-
able as yet.

This concludes the reporting of those experimental studies that
were directly oriented toward pharmzcological enhancement of performance
under stress. The rest of our effort has been aimed at associated pro-
blems. This will be recou;:;d ir two categories, "Background Studies”
and "Deleterious Influences."

E. Background Studies

In attcopting to predict what effects particular drugs will
have on particular performances, one is hampered by lack of understanding

about (1) the basic behavioral dimensions of drugs, and (2) the dimen-

sions of tasks that make them stressful, or otherwise amenable to pharma-

cological enhancement.
1. Mood Dimensions

In the drug-dimension category, we have been concerned with
drug influences on affectively toned phenomena derived from self-reports:
mood ACL clusters such as fatigue, vigor, anxiety, and confidence. These
have constituted a major source of hypotheses about performance effects.
As expressed in the Viewpoint paper, we do not think any “simple” drug is
likely to enhznce normal performance in the abscnce of prior degrading
influences. If absorption in the bloodstream of a simple molecule could
enhance total performance across all situations, it would probably be
there already. What such a drug can do is help counteract various adapta-

tion mechanisms that become raladaptive in the exigencies of a particular
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situation. Ve have therefore been concerned with anti-boredom cifects,
anti-anxiety or “'confidence” effects, cte. Accordingly, drug influences
on mood descriptors have bcen a major source ol hypotheses.

Although of greet value in this respect, mood ACL categorics are
ambiguous in that they cannot be interpreted at face value. Yor example,
amphetanines have been variously reported to increasc self-reported

ion

"vigor," ‘relaxation,' "anxiety' and "boldness,” sometimes in the same
subject population. Fart of the confusion may stem from semantic vagarices
and part from differeutial latency peaks of various mood dimensions. To
clarify the semantics, factor analysis is applicable, as conducted on
the mood ACL by Nowlis and Green (1957). However, 'trait’ factors de~
rived from R-typc analysis as in their work may not represent the pri-
mary dimensions of "state' change, especlally when the latter represent
effects produced by drugs. Consequently, a new analytical technique
was deveioped and applied to mmod ACL data obtained from six previous

experiments in which a total of 502 subjects were measured under 58 com~

binations of drug x dosapge x latency.

Hurst, P. M., Radlow, R. and T :rchonok, K. Some dimensions of affective

24, 239-261.

Abstract: This study is an attempt to dimensionalize the
affective responses of normal humans to some common psycho-
active drugs. To this end, the methods of factor analysis
were applied to a drug x mood correlation matrix. This
technique differs radically from previous applications of

factor analysis to mood effects, in that the latter char-
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acteristically analyze a mood x subject matrix. Thus,

instcad of reflecting the organization of individual

differences, the resulting factor structure repre-

sentcd a mood-dimension space in which drug effects

were resolved as vectors. Amphetamines were found

to produce strong effects along three mood dimensions,

whose relative strengths depend upon dosage, latency,

and a strong dosage x latency interaction. Suscepti-

bility to independent manipulation by dosage-latency

variations implies that the three dimensions con-

stitute mwore than statistical abstractions and may re-

present 1solable biochemical events.

A subsequent analysis on a new data basc was performed to determine
whether this MGM factor structure was stable in the face of (1) addition
of further mood descriptors and (2) addition of diffcrent types of drugs.
Preliminary results verified (1), but are inconclusive regarding (2).
Although a three-dimensional structure was agaln obtained, the rotated
factor loadings changed considerably. Further analyses arc now underway
to determine how much of the latter change is attributable to differ-
ences 1In scoring procedures.

2. Individual Differences
In the prediction of drug enhancement, it is obvious that
group-mean analyses may be missing the major point and can even result
in the cancellation of oppositely directed influences. Fence, we wished

to employ a wide variety of personality 'trait’' measures in a preliminary

screening effort to see if any of them would predict differences to mood

aatt e e de e e
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response to any given drug treatment. "e also had another question.

If such predictive power were lacking, could the failure of predie-

tion be attributed to deficiences in the predictors (trait indices),

or were the differences to be predictad inhzrently unpredictable?

If an individual response atypicuaily fo Druz X,does this aberztion re-
flect a stable perscnal atcridbute or is it merely a transient occur-
rence? This scemingly obvious quastion has been seldom addressed,

and the teason lies in popular modcis of experiamental design. Cb-
viously, the repeated-:casuregspts model is not sufficient; each

subject must not only receive cach corpariscn treatment, but he must
receive it at least twice on separzte occasions. e therefore con-—
structed a “‘double Latin cquare” in which each subject received each
treatment twice, with order and residual effects counterbalanced. The
treatments weve d-ampheta~ine (15 mz/77 kg) amobarbital (26 mg/77 kg),

a mixture of these two, or placebo. The first, self-contained half of
this experiment constituted a two-person game study under separate
sponsorship; the second was the d~amphetamine-amobarbital PSMT study re-
ported atoze. lood measures from both halves were employed to test (1)
predictability from personality variables and (2) inherent predictability,
as measurad by test-retest correlations within treatment conditions.

We were totally unable to nredict individual differences in mood
response to these medications, eventhough we employed forty personality
attributes derived from three widely vsed instruments (0PI, Barratt
Personal Preference Scales, znd Jaclison PPF) in the attempt to predict
any one of eleven mood dimencions from a modified form of the Howlis Hood
ACL at twvo different latencies, plus a measure of critical flicker

fusion. As was to be expacted with 260 correlation coefficients, a number
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vere ‘'significant’' at conventional levels (just about the number ex-~
pected on a sampling basls). Cross validation of the significant re-
lationships with data from a fusther experiment was a cowplete fallure.

As iIndicated above, we were interested in comparing this pre-
dictive '‘pover’ with an estimatez of the inherent predictability of the
data. Results shoewed that mowod response to a drug on one occasion is
related to the response when the same drug is subsequently administered.
Under d-amphet- ine, the reliability of the response to he nredicted
ranged from zero to 0.70 over the eleven mood indices, wtih a median of
0.51. Under amobarbital the median reliability was 0.14; and under d-
amphetamine plus amobairbital, it was 2.29; under placebo, it was ".30.
Thus, only d~amphetamine showed a consistency above ur beyond the con-
sistency of placebo response. This condition also produced the strong-
est mean effects on most of the mood measures.

Tence, it could be inferred that the mood response to d-amphetamine
is potentially predictable, especially if ocne does not seel. to remove
from it the probable placebo component. Failure of standard perscnality
inventories to achieve prediction is not readily explainzble, but
suggests that one might better look for predictive relationships in
some otlier domain.

These results have not been pulLlished.

3. Speed Stress
These studies deal with the second phase of the "Pack-
ground” problem, namely, tlie nead to
Specifically, we desirced te learn more about the dynamics of sequential

memory tasks to elucidate the role of emotional influences ('panic'™)
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tiiat may normally degrade performance and hence render it sqscepcible
to enhancement by ‘anti-stress agents. Ilesults fror unffgated subjects
could advance_chis understanding. Such data vere availatle from two
earlier studiés conducted ty project pgrsonnel,’but ttey had not ori-
ginally been analyzeé wvith such purposes in mind, nor'héd any of the
results been published. UBoth had been conducted with the same basic
task, which resembles the PSHT in demanding concurrént or intercurrent
operations of perception,szﬁort term storage (recirculati&n), andure—
trieval. This task, however, required synthesis of two or more se-
quential elements to effect the correct response, which was the identi-
fication of a matrix of such elements. The elements themselves con-
sisted of sinrle squares, triangles, or‘circles presented one by one
vith a grid outline via slide ptdjeétion. Two or three such elements
provided enougi: information to ﬁniquely identify the pattern as one
of eisht possibilities or as none of the above. These eight alterna-
tives vere continuously displaved, tut the stimulus elements had to be
stored; vhen the nth element of a sequence was presented, the (n - 1)th
element and prior ones could not longer be seen. Although no mood
self-ratings were ottained, this task vas adjudzed to be stressful on
the basis of subject corments. (One of them quit in the middle of a
session although he had to walk two miles to get home.)
a. Information Transfer Functions and the Tole of

Adaptation

As input rate is increased, one naturally expects
a decline in percentage correct. The question, however, 1s whether this
decline is steep enough: to result in reduced information transfer rate,

as reflected by the number of correct responses per unit time. ‘'Hthout
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such an effect, one could not reasonzbly postulnte the existence of
disorganizing influ=ncas sﬁch as punic. ‘

This speed effect was tested in the first experiment and strongly
. confirmed. Pattern size-complexity, the other variable, also had pover-
ful_pcrfo:mance effects but e ﬁcrfctmcuce nlot for this variable was
differently shared. "hile ctecp ﬁh:aughout, the curve did not show the
accelerated form found for input rate. The major effect of this vari-
able was to change the {hreshowd at which rate effects began to pro-
duce the accelerated decline in ,.ifcumance.

A second question to be addressed concerned the role of practice
under the severe conditions associcted with rapid information-transfer
decline. One would effect Ifairly rapid adapf;tion to any emotional
influence, although practize cffects could also be attributable to
development of better filtering strcotegies, etc. Tesults showed con-
siderable improvement frox practice when the conditions were near the
threshold for the information “ransfar function, but relatively little
improverment under still morc severe conditions. Results were submitted
for ovutlication.

b. Tedundancy and Transfer of Training

I'urst, P. il. and iicRendry, J. M. Effects of redundancy on performance

under overlocd stress. Perceii. ~nd liotor Skills, in press.

Sumrary
This experiment assessed the role of redundancy under the severe
conditions asscciated with decline of information transfer. Stimulus

sequences were constructed co that only two elements weee sufficient
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for an unique identification. 1In the zero tedindancy conditioms, only
two elements were glven per sequciaza. Under ‘mizdium' redundancy, three
were given and "high’' redundancy consisted of four. In either of the
latter conditions, cny two of the elamoats given were sufficient for
unique idzntificotion. Mowaver, thuie vos an added spezd stiess effect
since the elemen:s sequance, whethe: Z, 3, cr 4, wac piesented during

a coastant time iIntei-ral. This was doue to provide 2 tougher test of
redundancy, since a constent ingeival batween clezcats would have re-
sulted in ercaler inter-regponse tinzc with the louger, redundant sequ—

2 slower infoination-transfer rate.

[EN

(2

ences and woulid thus hote iupese

Since the inter-responsce intervai was ccenstant, the information
transfer rate was z linear fuaction ol the pergentage of correct re-
sponses. Resul:s wzrve therefore enclyzzd in terms of the latter, which
revealed a well-definad optimum af ''madiun’ redundancy. Presence of an
optimum suggests the operazion éf two or wore umutually opnosed in-
fluences having different slores. Accordingly, the results were an-~
alyzed accorcing to the assuzption that a given element is either lost
completely or is cmployed to cflzct a positive identification (or, when
only one element reuains, to mnke n~n efficient guess). This permitted
separate calculaticn o the spend stress functicn and the opposed
“insurance’ functfon from the redimdaond elerents. The former was found
to be little cifezxted Ly thz chnonge in elemcat arrival rates from the
zero to mediuva conditions, bul to increase vely steeply from medium to
high.

A posttest involving crossed over conditions for proups trained at

different redundancies showed similar n2in effects from redundancy levels
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used in the posttest but failed to show any interaction between practice
and posttest conditions: transfer of training was essentially uniform.

Taken together, the results of both experiments support the exist-
ence of somc sStrongly disorganizing influence at high input rates:
something that accelerates so fast in the critical regioa as to be al-
most qualitative. The second experiment reveals that this speed-stress
influence 1is not imposed by limitatioms on the enter-response interval,
being manifested from variations in element arrival rate at a constant
response pacing. Thils narrows the range of possibilities. If no emo-
tional influence is crucially involved, then the disorganizing influence
might stem from limitations in the rate at which stimulus elements can
be entered Znco temporary storage, which seems unlikely at the rates
employed.

Another possibility is that the high-redundancy subjects continue
(over thousands of practice trials) in trying to store more elements
than they need, and hence exceed storage capacity. Such a persistently
maladaptive strategy might suggest a role for disorganizing emotions.

F. Tests for Deleterious Influences

Although drugs cnhance certain performances, the improvement
may be outweighted by other effects of a deletericus nature. For the
amphetamine group, two major possibilities have been frequently sug-
gested. TFirst, the drug may engender overconfidence sufficiently to
have disastrous consequences. Secondly, the temporary enhancement effect
may be followed by a rebound {iu the particular functions thus enhanced)
that drops performance below the pre-drug baseline. Chronic effects
from repeated administration are apparently beyond question, but we are

here concerned with single acute doscs administered under supervision.

s s
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Even under this condition, docs the immediate risc in performance incur
a puysivlogical debt that must be subsequently repaid?
1. Judgment Effects: Performance Self Appraisals
In connection with the ¥S5MY series, it was polnted out

that amphetamines do not induce bias in performance self appraisals.
This seems inconsistent with the results reported by Smith and Beecher
(1964), who found that racemic amphetamine (14 mg/70 kg) caused students
to over—appraise their performances at calculus tests. Their result
was confirmed by Hurst, Veidner and Radiow (1967) with a mathematical
reasoning test, d-amphetamine (14 mg/70 kg) having a greater effect
than the racemic compound in the same dosage. They also found that
their subjects would wager real money according to these self appraisals.

Since task structure seemed to be the moderating influence, we
declded to assess the effect on a grossly different test, that of simple

grip strength:

Hurst, P. M., Radlow, R. and Bagley, S. K. The effects of d-amphetamine
and chlordiazepoxide upon strength and estimated strength. Lrgon-

omics., 1968, 11(1), 47-57.

Abstract: Four drug treatments were administered to each
of 58 college studeat volunteers who served as their own
controls in a Latin square design. The treatments were d-
amphetamine sulfate (11-17 mg), chlordiazepoxide HC1 (25
mg), placebo and no drug. Grip strength was measured on a
Stoelting hand dynamoweter 3 ~ 3 1/2 hours after ingestion.
Prior to giving their maximum effort, subjects were re-

quired to estimate their strengths on the basis of perceived




effort required to reach an assigned submaximum value,

determined as a2 percentage of masked pre-test scores.

Objective strength was significantly hish under d-

amphetamine than under any other treatment condition.

The treatments did not differ significantly with re-

spect to cstimared strengih or estiuate bias; indeed,

there wac a teadeacy for subjcctz under d—amphetamine

to be wmore cenuctvative.

These rather surpriei™ rcsvits iuplied that there is something
about mathematicnl rezsoning tecis that is not shared, in the college-
student population, by cithe:r the PSMI or the grip test. The perform-

ance is cbviously ruch more cooplew and a2 nunber of possibilities

~

exist for the crucial divencion. This inspired a critical review of
judgment effects and ralzted pnenomena which implicated ego involve-~
ment as the crucial mederator. This hrpothesis was supported by a
supplementary analvsis of the results obtained in the mathematical
reasoning test which showed that the more proficient subjects tended to

show more bias in self-appraisals mude under the drugs:

Hurst, P. M. Judgment distortion by zmphetamines: some moderating in-

fluences. In Evans, W. O. and Kline, N. S. (eds.), Psychopharmaco-

logy oi the Normal Humcn. Springfield, I1l.: Charles C. Thomas

Co., 1969, pp. 189-196.

Sumaary
Judgmental and decision-meking effects of amphetamines, drawn from

the published literaturc, were examinad for dimensionality. Effects were
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analyzed in terxms of a wodel for predicting choice behavior from sub-
jectively expected utility. 'Yhe 1ssue addressed was vhether the judg-
mental effects of amphetamines represent differential changes in out-
come utilities, or changes in the subjective probabilities attached to
diffecent outcomas.

Results frou threc iecent expariwents Ly the author and his col-
leagues were applied to thls issue. This evidence showed that neither
of the decision-theoretic consttiucts is svfficlent. Drug effects upon
decision making in onc uncertain-ou:zcom: situation wers showm to in-~
volve significant changes in sudjeztive probability. However, the
effecﬁ is not stable when task conditions are changed. This suggests
that the effect upon subjective probability is mediated through
differential changes in outcome utilities.

Tentatively, it was concluded that amphetamines multiply differ-
ential outcome utilities by strengthening 'need for achievement.” Sub-
jective probabilities of performance outcomes are aifected only under
conditions whexre these outcomes are relevant to the achievement motive.

2. Rebound
Although oprimistic judgment effects were shown for
amphetamines, they were mild and usually in the direction of greater
accuracy. There remained the more serious possibility of adverse per-~
formance effects in the form of sub-baseline rebound following the

initially facilitative enhancement influyence. To test for this, we

needed indices that were sensitive to amphetamiues as revesled by inicial

enhancement, but that could be obtained quickly enough to permit re-

peated measures over the crucial time intervals. In addition to the
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mood ACL, wc choce the coding test that Smith et al (1963) found sensi-
tive to aizphetamine cahancement and the letter-checking task employed
by Hurst, Radlow and Weidner (1968) with similar results. We added the
measure of verbal prodvecticn (vord count from an imprompiu “‘editorial’’)
that hnd beca fouad to be highly scusitive to d-amphetamine (Hurst,
Radlow, Chubb zud Dagley, 19G9). Thus, the "rebound" to be assessed

could be defincd as z reaversal of the carlier enhancement:
S

Hurst, P. t., Chubb, N. C. and Zagley, S. Y. Rebtound from d-ampﬁefamine.
Division of Psychobiolegy, Instituie For Research, 1969. Report
ONR-H-69~-1.

Abstract: TForty-three vaivero..y stud;nts, recruited as naid vol-~
unteers, servad as their cwn placebo controls in an experi-
mental test of Zmrmedizte and dcolzayed effects of d~amphetamine
sulfate in separate doses of 10 mg and 15 mg. The question
to be answered was whetlier chort-term performance enhance-
ment, obtainable in sone +osks with amphetamines, is paid
for by a subsequent impairment of performance below the pre-
drug baseline: a rchound effsst that may occur independ-
ently of intervening e:verien:e, sleep deprivation, ete.
In—a>diate and delayed (“'rebound”) effects were assessed
with three tasks in addition to = mood self-check list. The
tasks inciuded letter-~checking, a coding test, and a test
of verbal production (number of words written impromptu
on an assigned topic during 25 minutes). Neither the cod-
ing nor the letter-checking provided a check of the

hypothesis. Coding showed no significant effects during
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either the ifmmediate tescs (1.5 to 3 hrs. after ingestion)

nor during the delayed tests (19.5 - 21 hrs. and 24 -

25.5 hrs. after ingestion;. Letter-checking showed a

significant enhanccment in the Sesi of lwmmediate effects,

but the cnhancement margiu was 50 wuall that the subse-

quent absence of "rebouvnd" wit inconclusive. Both verbal

production aad moud efiecis, hovever, showed strongly

positive effects on the Zmmediate tests, with no indica-

tion of subsequent "rebound." Thisc finding suppests

that acute medication can yicld temporary enhancement

without subsequent impairwment beyond a return to the

pre~drug baseline, This conclusion is, of course, re-

strizted to the use of single dosages in situations

where intervening activity and sleep deprivation are

controlled.

A revised versilon of this repoxt has been submitted for journal
publication.

3. Effects of Alcohol at Low Blood Concentrations
The effects of beverage alcohol on automobile crash inci-

dence ave, in a general way, well know;. Only in recent years, however,
has 1t been possidle to calculate cuposure-adjusted estimates of re-
lative hazard. This required “coutrollad" studies in the sense that
a field study can be controlled by comparing incidences of particuliar
bloed alcohol concentretion (RAC) in erash victims with correspond-
ing incidences among randomly-sampled drivers who happened to be

traversing the crash arca at similar times of the day or week. A

Bayesian procedure was developed for converting these relative incidences,

e anisista 5 R i | e’ Al oo it i I St o I S O R st i Manacne
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which directly yield "probability of BACj giver a crash,” into thol:
inverses (probabllity of a crash given Bqu). This procedure was
applied by Hurst (1970) to four published data sources.

Of particular interest to this project is the suggestion of
performance enhancement at low BAC implicit in the famous Grand Rapids
study (Borkenstein et al, 1964). The reduction in relative crash in-
cidence in the range of 0.01% - 0.047% LAC is obvious on cursory in-
spection of the case/contwcl ratios at these levels, compared to that
observed at zero BAC. This suggests some sort of enhancement influ-
ence. If the phenomenon it acceptavle ct face value, it would in-~
spire laboratory efforts to manipulate the effect and learn how it
is mediated. However, the Grand Rapids\hata also inciude case-control/
BAC tallies that are further broken down by self—reporfed habitual

drinking frequencies. When relative hazard functions were computed

gseparately for these subgroups, a different implication emerged:

Hurst, P. M. Relative hazard at low blood alecohol: a statistical riddle.

Submitted for publication.

Summary
A Bayesian analysis of relative hazard as a function of blood alcohol
concentration (BAC) was applied ¢c¢ crash/control taliies from the Crand
Rapids study subcategorized as to self-reported drinking frequency. Re-
sults suggest that an individwval driver's crash hazard is a monotonically
increasing function of BAC, rather than being reduced within the 0.01%
to 0.04% range as has been widely quoted. More strongly, the data

imply that relative hazard estimates derived from a composite driver
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population glve a strongly distorted impression of alcohol's dose/
response function for crash probability. Relative crash incidence
at varying BAC is a valid basis for estimating loss reduction from
an enforced BAC limit but has very limited bearing on the expected
results of manipulating BAC within an individual or demographic
subgroup. Applicability of these findings is limited by the appar-
ent need to rely on self-reports, but there may exist a warrant
when drinking experience 1s presumed to be low as with under-age

drivers.
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