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FOREWORD 

i Thin report prepared by HRB-Singer, Inc. as a portion of the work 
carried out under Contract No AF33(616)-7892 during the period 1 February 
to 22 Aunust 1961. Dr. Paul M. Hurst was the i .incipal Investigator and 

and Di. ¿ÄVur?,“ Jame‘ ^ R'’bin■• Jam'* M’ McK«nd^. 

This contractual work was performed under Project 1710, "Traininß 
and P»ycholo8ic»l Stress Aspects of Bioastronautics" and Task 

Human Factors in the Design of Devices for Operator Training and 
aluation. Dr. Ross L. Morgan was the Project Scientist and Dr. Theodore 

H,!riCOt ♦I””1" / îïf Ta*^®clenti®t. The contract was initiated and monitored 
I“""*'h'm°’t oi_thl* «■•k period by Mr. Frederick H. Kre.ee of the Operator 

A.ro.Ac* ModUal IiÃo"“1 BranCh' B'hiVÍO,al Scl«"«* Moratory, 
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ABSTRACT 

The purpose oí this report is to review the literature concerning psycholog¬ 
ical stress. Emphasis is placed upon experimental evidence, with particular 
emphasis upon task induced stress. 

An attempt is made to define psychological stress in terms of the published 
material bearing the "stress" label, and thus provide an overview of the field. 
In the subsequent detailed coverage, individual-difference material, such as 
might be used in personnel selection, is treated separately from treatment effects. 
Task induced stress is treated as a separate topic, with an attempt to draw 
relationships between this phenomenon and those of psychological stress in 
general. Implications from the literature for control of stress are presented. In 
summarizing the findings reviewed, a formulation is presented of the relationships 
believed to be involved in the phenomenon of task induced stress. The parameters 
which determine information overload are discussed. A conceptual model is pre¬ 
sented concerning the "emotional" component of psychological stress. A relation¬ 
ship is derived between this emotional component and information overload in the 
production of the performance effects typical of "task induced stress." Implica¬ 
tions for control are derived from the foregoing conceptualization, together with 
suggestions of avenues for future research, much of which remains to be done. 
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I 
SECTION I 

INTRODUCTION 

COVERAGE 

At äs"™ {,hu :’^u:zi::iVihTrnine oi ,h' ----- 
■tood. Once the term hae been deflned IM«* nn.l7ti°r.U,î5* but not w*n under- 
able« which seem to cause it and to H»* jk ^.u identify the major vari- 
Only when euch an effort".. b"í c„m„U, S' n,',TOJ *hl* eff'ct —m. to occur. 
In which .tree, can be r.d“.d or ,3 ..,111. “ bekP°”tb*- determine way. 
mate goal is one of overcoming stre^ K, eliminated;-^V training. Thus, the ulti- 
goal is the specification of the condition^ npeanS ° trajn^n8* ^he intermediate 
tion of stress. If the intermediate. *1”* neceB3ary and aufficient for the produc- 

the ultimate goal is considerably infreas'ed8.04 ^16*1* probability o{ achieving 

studies in a^ effort 'oí sc^r Uin whetheV 0 r "notl? thfr,OUßh Pa8t experimental 
evolved, experimental designs soundlv ri T * byPot,ie8ee have been logically 

"íd”?1!00114 f0r Pr®8ent and future research8 The'nt"*1 y°8ult8 Pr°duced that are 
vided into two major sections: ft) a revUw .Tbe llterature review has been di¬ 
general area of stress, and fz) a mm. ÍCW rJ®Jated to research conducted in the 
lated to task induced stress. "Pecific review of research directly re- 

/< background 

Military science has moved swiftiv tn do. 1 
aircraft systems. With an eye towa^ outet lnlr^ nCW a"d modern ^«aPon and 
requirements have led to the production of P Cif-’ Present and future military 
plex weapon eye,.me. In mo.t ca,el lh° """y ^ extremely cL- ’ 
craft eyatem hingee on the efficient operation of th OÍ * farticular weapon or air- 
plus man. Actually, the role of the h.e var^a «yatem mechanisms 
complex equipment is used routinelv As -»y haS 8biited to ono where more 
creased research emphasis has been nil CwnsetluIenc® of this shift in role, in- 
attend to variou, eourcee of formation ^ man 8 abllltV •” -«ore. proce’e. and 

r*^tirementa"/."elated1 to th of -P«a and load of 
that can be imagined. The opportunity for thi! v/d human in almost any task 
ranges all the way from task? performed L , 1 °f ^1,688 to be grating 
radar traffic director who may have £ dirPrf ¡ a8tronaut to tho«e performed by a 

.everyday tasks as operating a motor vehicle in th many 4arpt8 at once' or **ch 
general, experiments in the area of task ind.ir fpre88 of heavy traffic. In 
information in a manner assumed to exceed the m ar« attempt8 to present 
mation, and then to record the effects on nn f ubJecl 6 ability to process infor- 
of stress have encompassed a wide variet? , ormance* Studies in the general area 

Tyhurs *19 S^/^Even^ cursor y'glance ^t^th a Da ’ 52 ; ^iyl^r .1 ”19 5 3?^ n^ 

. « 8 function of ^ 
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^ ^ The present literature review is organized in such a way that ideas as well as 
results are integrated in order that the reader may gain a perspective which will be 
useful in the future. Bibliographies by themselves, such as Applezweig and Moeller 
(1957). cannot fulfill such a function nor can reviews which have been concerned 
.with only selected aspects of stress, such as Holtzman and Bitterman (1952). Still 
others, such as Katchmar (1954) are in need of being brought up to date. It is to 
fill these omissions, in an integrated conceptual framework, that the present paper 
is Intended. In reading past research literature, it becomes readily apparent that 
the connection between situationally induced and task induced stress is a loose one. 
It is hoped that the chapters in the present text will provide the means for recon* 
ciling the two. 

TOPIC OUTLINE 

** Chapter II. This chapter enumerates some of the basic «approaches to stress. 
An effort is made to illustrate the multidimensionality of stress, as currently con¬ 
ceived. This is done by: (1) presenting a systematic overview to stress research; 
(2) sorting available research into a set of loose methodological categories; (3) 
illustrating the breadth of each category; and (4) specifying the types of measure¬ 
ment employed in each case. 

. 2. Chapter HI. This chapter shifts attention away from a general "treatment 
effect11 of stress across individuals, to examine the role of individual differences. 

3. Cnapter IV. In this chapter a particular type of stress is defined as the effect 
induced by shifts in task demands in the direction of making the task more closely 
approach (or surpass) the limitations of human capacity. From the review of the 
experimental data it can be seen that the primary emphasis has been placed upon 
speed and load demands. The nature of each of these stresses is discussed in 
detail in order to show that it is possible to express stress as a function of demands 
imposed upon such basic functions as perception, coding, translation, and effector 
activities. 

4. Chapter V. The purpose of this chapter is to review what direct implications 
have been found, in the literature review performed, for the control of stress. 
The indirect method (personnel selection) is discussed in addition to direct methods 

• such as pharmacological techniques, environment modification, and training. 

*5. Chapter VI. The chapter represents an attempt to summarize what has been 
learned, Irom the present review, about the nature of psychological stress. The 
relationships among the more basic parameters are summarized in a non- 
quantified but potentially quantifiable model. Implications Of the model for the 
control of stress are discussed separately here, since these represent a higher 
order of derivation than those presented in Chapter V. 

\ 
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SECTION II 

•MM —*-*•*•» 

THE MEANING OF STRESS 

INTRODUCTION 

Psychological stress is en extremely broad concept, end en exceedingly loose 
one. It has evolved from a study of physical, physiological, and psychological 
phenomena, all of which seem to be related when they are examined intuitively. 
Since diverse approaches were employed, conceptual evolution has been slow; and« 
for the most part, it has not progressed beyond a level of loose integration. Just 
a simple review of topices included under "stress" is needed to demonstrate the 
validity of this last statement. In order to correct this deficiency, attempts at 
systematization have been made, especially within the past decade, c.f. Chiles 
(1?57). As a result of diese efforts a certain amount of conceptual closure has 
occurred, but it is not great. Connections between studies are often more a matter 
of "common sense" than empirical fact and systematization seems to be little more 
than an intrapersonal affair. Furthermore, there is still no real agreement on the 
conditions necessary and sufficient for the production of stress. This makes it 
difficult to integrate alternative approaches to the problem. 

This chapter is concerned with enumerating some of the basic approaches to 
stress. The approach taken is as follows: (1) presenting systematic overviews 
to stress research; (2) sorting available research into a set of loose methodo> 
logical categories; (3) briefly illustrating the breadth of each category; and (4) 

• specifying the types of measurements employed in each case. When this is done, 
the multi-dimensionality of the "stress" notion can readily be seen. 

CONCEPTUALIZATIONS OF STRESS 

A physiological interpretation of the concept of stress has been provided by 
Seiye (1950) who developed & concept invoivirg homeostatic functioning of the bodily 
processes. He defined stress as any stimulus which causes the activation of the 
General Adaptation Syndrome, which in turn attempts to restore the organism to its 
normal state of homeostasis. However, as Chiles (1957) has pointed out, this 
approach represents an analysis of interrelated physiological indices which, though 
fruitful within its discipline, does not provide the necessary relationships for 
predicting the behavioral aspects of stress. 

A second viewpoint was set forth by Grinker and Spiegel (1945), who related 
psychological stress to a physical concept which was defined in terms of the 

.restorative forces exerted by an elastic body when external force deforms that body. 
Concepts such as this, though interesting mental exercise, have not produced 
significant psychological research because they have not as yet been bound to meas¬ 
urable consequences. 

A third approach, that of a "neurophysiological hypothesis" (Schaffer, 1954) 
proposed that stress be considered as the "functional decortication" of the organism. 
This concept is similar to the first one presented in that it is based on chr notion 
that stress is related to a disruption of the homeostatic relationships between the 
organism and its environment and suffers (thus far) from the same limitations. 
Another theory that considered stress to be involved in the disruption of homeo¬ 
stasis was provided by J.G. Miller (1953). His working definition of stress, 
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/ff ♦ kfu lfC.r,e^R °J decreaHe In characteristic of the environment 
which affects the individual, "carries on the homeostatic approach but does not 

•differentiate between "psychological" and "physiological" stresses. Though not 
ogically necessary, such a distinction will probably turn out to be convenient. 

Defining stress as it relates to the functioning of the human organism is a 
Îilîüfi6* fan k* Inye"tl8atl0" °f the literature indicates that a major portion of the 
studies of stress have defined it in terms of operations which were assumed, by 
the authors, to be etress provoking; therefore, they might be described as a 

y aPPr,03ch- This revelation is not entirely unique. Holtzman 
and Bitterman (1952) complained that stress had come to represent almost any type 
of environmental stimulus capable of producing a reaction. 

.,. ^ many. studies psychological stressors may be better considered under the 
Lice^e*per™eilta.1 Procedure" for producing stress." Holtzman and Bitterman 

ii? ji cla®8ified fh® methods of producing stress according to seven categories; 
Vi d8/U^\0j.°^ Physiological homeostasis; (2) unpleasant or physically painful 
’»j f’n3 dl®*raction* razzing, and time pressures; (4) real, contrived or antici¬ 
pated failure; (5) social conflict and related procedures; (6) conflicting perceptual 
cues; (7) realistic situations threatening the individual's safety. 

it» Harris, Mackie, and Wilson (1956) in their review of the representative stress 
literature defined stress by the operational or stimulus conditions which charac¬ 
terize each study. They considered the duration of the stress stimuli and the 
emporal relationship of the stress stimuli to the performance measure to be the 

two most important variables of the stimulus conditions. They presented experi- 
^T\ ÍOL the various «^mulus sequences involved. Short-term stress 

£ar u (D failure stress, (2) distraction stress, (3) 
fear s reas, (4) physical discomfort stress, and (5) pacing stress or speed stress. 
liOng-term stress was subdivided into four categories: (1) combat stress, (2) 
hazardous duty stress, ^3/ confinement and isolation stress, and (4) biological 
8 wFG 8 8 • 

Stressors whicn are typical of the short-term stress studies are: failure 
indueec by false no^ma; »insolvable problems; task interruptions; use of bells, 
buzzers, sparks; fear induced by shock; personal threats; discomfort caused by 
high intensity visual, auditory, or tactual stimulation; and finally, the various 
metnods of "pacing.;| 

wH-nSI^r8 which,are typical of the long-term stress studies are: combat stress 
when attacking or under attack; duty in the presence of an objectively real hazard 

{TOnïl c°níinernent and isolation in prison; submarine 
duty, carbon dioxide toxicity; cold, heat, starvation and fatigue caused by long- 

.term performance without sufficient rest. y 8 

f1952) i" a comprehensive review of the stress literature, 
thought of stress in terms of an intervening variable. They stated: 

The additional concept that is necessary is that of motivation. 
Stress, therefore, is really a secondary concept, built upon 
the relationship between a primary concept motivation, and 
the situation in which motivated behavior appears. We would 
then think that stres.i occurs when a particular situation 
threatens the attainment of some goal. The actual responses 
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that the individuals may show will depend partly upon the 
kinds of mechanisms that have been previously established. 

By taking this approach considerable simplification is achieved. The authors 
were able to classify all stressful situations into two groups: (a) stress induced by 
failure or threats of failure and (b) stress induced by working conditions and the 
task itself. In a later paper( Deese and Lazarus (1954) provided further material 
concerning their concept of psychological stress. In this paper stress was con¬ 
ceptualized as involving a number of essential conditions: (l) an ungratified state of 
motivation, (2) a secondary affective state that occurs whenever a powerful motive 
remains ungratified, and (3) the cognitive aspect of the problem, which refers to the 
way an individual perceives a situation as facilitating or obstructing the gratification 
of a motive. They had this to say about their expanded concept: "We will use the term 
'stress' to describe the total event which includes the original motive and the problem 
created by the thwarting of this motive, its cognitive concomitants, and the responses 
that result from both the problem and the affective state. Stress is then defined as a 
complex condition occurring when the thwarting of a powerful motive results in the 
production of a strong affective state. What is measured in any stress experiment is 
some behavioral product of the situation we have just described. " 

In a more recent treatment Deese (19b0) presented a stimulus definition of 
stress which reflects a return to a more simplified approach. He considered stress 
as a class or collection of stimulus events. By way of definition the author said, 
,fIhe properties of stressful stimuli are defined by a set of correlated responses. It 
will be useful, I think, to characterize as stressful those conditions which elicit 
reports of discomfort or which elicit correlates of discomfort. Such a notion, I 

• believe, will make it easier to understand the varieties of social and psychological 
situations in which the term stress lias been used. " 

This new "stimulus definition" of stress appears to closely approximate an 
intervening variable, more so in fact than the original Lazarus et.al. (1952) concept. 
In the original concept stress, for all practical purposes, was considered to be a 
separate state with emotional and motivational properties, giving rise to character•• 
istic stimuli of its own. In such a case it seems that this concept of stress could 
very nearly be termed a hypothetical construct. In Deese's current definition the 
focus is on stimulus (antecedent) conditions and their relationships to response 
(consequent) conditions, without any speculation on the nature of the state which 
mediates this relationship. 

Katchmar \1954) pointed out the difficulties inherent in attempts to define stress 
. in terms of either stimulus or response operations, or as an intervening variable. 

One of the difficulties with stimulus definitions involves the subjective aspects of the 
judgments as to whether or not a stimulus condition is actually stressful. He felt 
that a stimulus definition would only apply if people were perfectly homogeneous 
with respect to background and previous experience. On the other hand, difficulties 
arise in attempting to define stress in terms of response operations when deciding 
what responses are to be considered indicative of stress. In such a case, the 
definition becomes snarled with questions regarding motivation, frustration and 
aggression, etc. 

k 
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(194 9 UndHaa a?^ífoAQWh! rC8Ponse définition espoused by Darrow and Henry 
S8 ud4 i1949^ ° b* extreme* The8« authors defined an individual as 

‘tm- d Whfi hi" re8P°n8e8 were no longer appropriate to the situation at hand. 
♦Til1! ü?8J0n, !d .extreme because it only seemed to apply to situations where 
preservatton1 ^ Phy8lc;il danger, and was motivated toward self- 

variihl^b^tKU thÍ0 t0 aKy ab?u‘definin8 strc8s ^ terms of an intervening 
1 íf eense we can define stress as a condition existing within the 

reïuU. Tí. *er¡¡ltÍn8 fr0m int®r*ially or externally imposed goal frustration which 
resuits in a change in normal integrative behavior. •' This dictates that the inter- 
antí?8/aíiabíie be anchored to directly observable and operationally definable 
antecedent and consequent conditions. An approach such as this entails all the 
vaTiaMea ÍO”8H ^ 8el«cting the proper independent variables and dependent 
variables and in assessing the changes in performance on the dependent variables 

ma/fïr ¡"î7 not.be relat®d to changes produced by the stress-provoking 
aspects of the independent variables. It may, however, be a necessity. 8 

««*1In m08tJatteînPt8 at integration would appear to fall short of the 
goal. Most of the previously mentioned basic questions relevant to stress 

r!mal n ^n8Wered* The criticism 1 eveled by Lazarus, et. al. (1952) 
ditiin1! thãttruei^ There ajreJ8tiU no adequate ways to define psychological con¬ 
ditions that would correspond to a homeostatic steady state. There are still 

• ^ conÎ5°llin8 ior the subjects' motivational state while trying to 
induce stress, ihere is still a problem of introducing realism into the pro- 
thTt tk! 10 ^dUCe DesPite the8e many problems, it would seem 

’ thin 3 7roa^h i8 potentially the most fruitful. Later in 
will ÿ akmodiflcatlon of the Lazarus-Deese-Kat chmar approach 
i j 06 adoPted* Such » atep appears to be necessary for an analysis of "task- 
induced" stress, an area which is very difficult to approach from any other view- 

DESIGNS EMPLOYED IN "STRESS" INVESTIGATIONS 

i.o address the problem of measuring "stress" most investigators have made 
one of the lollowing sets of assumptions, although the theoretical formulation has 
not always been explicit. These assumptions clearly indicate different foci of 
interest. 

1. The task or task situation is assumed to be stressful, and the experiment is 
designed to determine which dependent variables are manifested as "stress effects. " 
In this case interest is focused on the consequences of particular "stressful" 

. situations. The various dependent variables thus investigated may be numerous 
and many different conceptuaUzations of stress consequences are reflected by 
them; e. g. physiological indices, inventories of subj ect ive experience, scores on 
personality tests, etc. Some studies have been concerned with the identification 

Í* 8tre88 «yndromes." Using this approach, physiological indices have been 
obt ained and compared. 

^8°4° t»« included here, but where overt performance measures have con¬ 
stituted the dependent variables, may be listed the work of a host of investigators. 
Conditions presumed to be stressful were imposed, and effects on performance 
noted, in the following situations: reaction times, color naming, verbal learning, 
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perception of incongruities, voice intelligibility, levels of aepirat ion, psychomotor 
performance, higher intellectual functions (reasoning, concept formation, etc.). 

• and perceptual rigidity. 

o 

2. Certain measures (physiological indices, subjective experience, personality 
test s, or measures of performance decrement) are assumed to measure "stress 
effects, " and the experiment is concerned with determining the extent to which 
certain tasks, task situations, or task variables effect changes in these pre¬ 
sumed measures of stress. The independent variables thus investigated include 
task complexity, speed/load, and task durât ion; physi cal factors such as noise, 
temperature, and humidity; and situational variables such as instructions designed 
to produce ego-involvement, failure stress, etc. 

3. Stress is treated as an intervening variable or hypothetical construct. Such 
a theoretical formulation may or may not be explicitly stated, but in any event the 
aim is to observe relationships between task or task situation variables (ante¬ 
cedent conditions) and potential stress indicators \ consequent conditions). This 
procedure may be used in one of two ways; (l) when the experimenter is concerned 
with studying stress itself or (2) when the experimenter is concerned with the effects 
of stress as a moderator variable, i.e., a variable that interacts with important 
variables in given situations. 

Note that this approach is distinguished from the other two by the fact that 
multiple measures are involved in both the antecedent and consequent conditions. 
The significance of this distinction is that the "intervering variable" approach 
allows, potentially, the isolation of stress dimensions, while the other approaches 
do not. If only one aspect of the situation (for example, data input speed or load) 
is manipulated, one can infer that related changes in behavior are, indeed, caused 
by this manipulation, but not necessarily by "stress." If, however, several 
aspects vas, input speed, load, outcome risk, etc.) are manipulated independently 
and observed to produce similar changes over a variety of behavioral situations, 
some justification is afforded for relating these observations on the basis of some 
notion such as "stress.:r 

In subsequent subsections research performed under each of the foregoing 
categories will be discussed. These discussions are meant to be illustrctive, 
not exhaustive. 

ILLUSTRATIVE STUDIES 

1. Situations Considered "Stressful" 

a# Studies. The terms stress and threat are often assumed to be 
synonymous. When concern is focused upon threat eni ng situations, it is difficult 
to conduct meaningful research in the laboratory; and, as a consequence, studies 
are often made in real - lie situations. Because of the lack of manipulative control 
which is a basic characteristic of field observations, experimenters can remove 
one difficulty, i.e. obtaining a meaningful stress situation, only at the expense 
of adding another. Obtaining a favorable trade-off between these two factors is 
extremely difficult. In most cases, experimenters have little chance even to 
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id®üïft m>¡riad oí factors present in these field situations. When this occurs 

MnTK0ea '< ey "i" ^ VttlC m0re than take a P°8ition oi "«tress by 
sitvStion X isTthria?iC4empl^yed/8 80mfthing of the sort that stress is threatening, 

X \ threatcnfn8; therefore, situation X is stressful. The problem of 
' levehf and 3Í^i}ona X* Y* and Z. and of weighting their various 
ÍkLÍ 4d tyP f th.reat8» i8 oiten overlooked in such studies largely because 
ÍÍ, in ÍS With th* 8Pecific situation being studied. Thus, a study can 
interpretan /h« f°r .yhich U wa8 designed and still be difficult to7 
interpret in the light of other studies aimed at other purposes, e.B. a specification 
of important factors in situation Y instead of X. .. 8P«clilcation 

StutUes included in this section differ in regard to fi) the tvpe of environ- 
diffPlenr^0 tiw 2 ‘ï wit.hin the environment studied. The first of these differences will form the discussion basis. 

■+11,14» u** ^0^8^ f^d Important, stress situation involves men in battle; many 
Korea anH (1954) ^P0^ the reactions of men in combat in 
RotK a ?4 di Tayior ^1953^ edit®d a report which covers much of the same material. 
ohvÎiiï fXZr CO?CierTdiWÍth the nature oi battle 8trc88 and discussed various physiological and psychological measures administered to personnel who had per- 
rrd “dr„MÍ°.u: “"f*0"* (i,56) Pprovid.d .tro», .ä. 

0f 8tre88 by reporting a stati sti cal compari son of the 
eiP off of peych^ric syndromes for the periods immediately before and immedi- 

' ÍÍuiLh^o the ce"aation of hostilities. He found that battle stress was directly 
«♦.d t0 P8yC^tri.c incidence, and evacuation and hospitalization rates. Such 
inHrû increa8cd during and decreased after a combat period. In general, psychiatric 
incidence rates were approximately 25 per cent higher during combat. 7 

Other studies have also been conducted to determine the effects of stress 
ntC?iqis>A'ePfbÏ4e?ended P"10?8 in reiugee or prisoner-or-war camps. Sinha and 
De (1956, studied group reactions to stress in refugee camps in an attempt to assess 
the nature of it. a hey classified the individuals' stress reactions as "adaptive" 
or maladaptive and contended that the maladaptive reactions are comparable to 
Hiose of disassociation, regression, identification, delusions, and hallucinations. 
Their study deluded examples they found in a refugee camp at Bihta. Strassman, 
Thaler, and Sch*ln (1956) reported a study based on 201 psychiatric interviews and 
80 test protocols made on former prisoners-of-war immediately after their release. 
It was found that apathy was one of the most prevalent reactions. 

Basowitz, et,al. (1955) performed an extensive study of a third situation, 
' . Î j P8yuhosomatic and psychiatric processes related to anxiety in paratroop 

training. After reviewing the results of an inter-disciplinary research team's 
í*8^0/0lt??/ÍCial and biochemical studies of personnel, the authors con- 

than » i« "»fu*® of the transactional approach was much more evident 
than was the significance or implication of the findings. 

Very extensi ve clinically oriented literature exists in which stress reactions 
Í?oí?f0nlí °f 8"v®r® ilfo®««« are discussed. Typical of these is a volume by Sparer 
(1956), who intensively studied the manner in which personality variables relate to 
the stress of hospitalization for tuberculosis. Meyer (1956) has also described the 
acute psychological disturbances which occurred in a course of hospitalization by 
patients with certain other chronic illnesses. P y 
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Still other atudles have been made in attempts to isolate the reactions of 
individuals to other less obvious stressful situations: (i) industry, which has been 
studied by Neel (1955); (2) college life which has been studied and reported by 

- unkenstein, King, and Drollette (1957); (3) penal institutions, as observed by Nord 
(1956), who studied the reactions of 500 youthful offenders at Ashland's Federal 
Correction Institution; (4) childhood, as viewed by Clements (1956) who studied the 
physical, psychosomatic, and emotional health of pre-school children; and (5) 
senescence, as studied by Gerty (1957). 

k* Laboratory Studies. Despite the fact that it is difficult to create meaning¬ 
ful stress situations in the laboratory, numerous studies have been concerned with 
this problem. One group has dealt with thermal stress (c.f. Aiken, 1956; Bartlett, 
1950). These studies have shown consistent effects of thermal stress; as tempera¬ 
ture deviates £om optimal conditions[ e.g., critical "stress" regions lie between 
83 F and 87. 5 F, (Bartlett, 1950)1 performance deteriorates significantly. This 
has been found for a number of tasks including both perceptual motor and mental 
activity* Representative findings of studies of different factors are given below, 
ihe following independent variables have been studied as potential causes of stress, 
where the latter is measured by a variety of physiological indices and measures 
of task efficiency: 

(1) Environmental stresses: Aiken (1956) found mechanical dexterity to 
be significantly depressed bv stresses of low temperature, intense sound and low 
illumination. Bartlett (1956) summarized briefly the main important conclusions 
that can be drawn from a large amount of work on the effects of noise, heat and 
humidity, and sleeplessness on human performance. He stated, "...all three 
forms of stress may, unless special precautions are taken, seriously affect human 
behaviour when great accuracy and speed are required. " Blockley and Lyman (1951) 
have found that heat has a detrimental effect on pilots performing a complex 
psychomotor task simulating instrument flying. 

(?) Fatigue and Noise effects: Loeb and Schmidt (i960) asked their subjects 
to respond rapidly to infrequent, randomly presented brief low frequency tones over 
four 50-minute periods on successive days. Subjects responded to 10 db and 60 
db tones during two periods. For one period at each intensity subjects were given 
information supposedly, but not actually, bearing on their performances (simu¬ 
lated feedback). The authors found that reaction time tended to increase as, a 
function of testing time except when simulated feedback was provided at the 60 db 
intensity. Also, simulated feedback appeared to produce an over-all reduction in 
latency and decrease in errors at the 10 db intensity. 

(3) Psychometric procedures: Deese and Lazarus performed an experi¬ 
ment designed to investigate the following questions: Do ordinary psychometric 
procedures produce stress effects? What effect does failure stress have when 
introduced early in learning as opposed to late in learning? What are the person- 

K- ality correlates of the effects of stress upon performance? It appears that failure- 
stress introduced early produces a small decremen: in performance. When 
Introduced late in learning, it produces a small facilitation. Both kinds 
oi stress produce greater performance variability within subject s. They 

^ found no relationship between performance under stress and Rorschach 

q 
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variables or tension ratings. 

(4) Mot i vat ion: Bahrick, Rankin, and Fitts were interested in whether 
or not an increase in motivation would result in increased perceptual selec¬ 
tivity which would favor the part s of the stimulus field which were perceived 
as most relevant to existing motivational conditions. They found that a con¬ 
di t ion of high mot i vat i on facilitates a performance of a central task, but 
generally interferes with the performance of peripheral tasks. 

(5) Fear of shock: This type of stressor appears often as an inde¬ 
pendent variable in psychological stress studies. An experiment which is 
representative of the various studies that treat fear of shock as an independent 
variable was performed by Lazarus, Deese, and Hamilton (1954). They used 
three stress conditions: (l) no threat, (2) shock for incorrect response, (3) 
random shock. The subjects were chosen on the basis of being in the upper and 
lower quartiles of Taylor scale scores. The task was learnings list of 
nonsense syllables. The authors felt that the results of their experiment 
support the hypothesis that task difficulty reverses the usual anxiety - 
avoidance learning relationship. 

(6) Falling hammer: An interesting device was developed to produce 
the threat of actual physical harm to subjects. The device reported by Buel 
(1944) is called the "Falling Hammer" and displays the extent to which experi- 

• ment er s have gone to try to induce stress as real i sti cal 1/as possible. The 
"hammer" was a large block of metal suspended at the Ci-c of an arm. When 
the arm released, the hammer fell until stopped just short of the subject's 
hand. Subjects seemed unable to avoid flinching even when they knew that the 
apparatus could in no way harm them. 

2. Measures Considered as Stress Effects 

a. Physiolog? -al and Subject!ve Indices. A number of studies represent 
attempts to determine under a particular assumed "stresser" condition, the 
relationships among various "stress effects: " (l) by way of physiological indi¬ 
ces, (2) by way of inventories of subjective experience, and (3) by way of scores 

. on personality tests. Ax (1953) performed an experiment falling under the first 
category in which 43 subjects responded to fear of shock, and anger generated by 
a lab as si st ant. Seven physiological reactions were recorded: (1) heart rate 

• (2) ballistocardiogram, (3) respiration rate, (4) face temperature, (5) hand 
temperature, (6) sU n conduct anee and (7) integrated muscle potential. On the 
basi s of "profile, difference scores, " the authors rej ected the hypothesi s that 
there is no differeace in physiological reaction between anger and fear. Other 
representative studies in this category are discussed below. 

Kramar, Peetz, and McCarthy (1954) investigated the capillary response 
to emotion. They studied about 200 human subjects and hundreds of rats and other 
animals under conditions of stress which included restraint, exercise, cold, and 
other environmental stresses. Two effects were noted: (1) an effect of short 
duration immediately upon stimulation and believed neural in origin and (2) an 
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effect of longer duration believed to be hormonal in origin. Both significantly 
affected capillary flow, Newton and Bovard (1957) studied the effect of emotional 
stress on finger temperature. Using two groups of student nurses they found that 
the group placed in an emotionally negative situation showed a mean fall in finger 
temperature significantly greater than that elicited in subjects introduced into a 
positive situation. No appreciable difference in inter group basal temperature 
appeared, however. Since finger temperature is intimately related to capillary 
flow, the results appear to support the findings in the previously mentioned studies. 
Bursh, Lotterman,fnd Shoenfi eld (1957) measured heart-rate changes recorded 
during conditioning^ and compared them with performance measures of a perceptual 
motor task. Thei* data were analyzed for differences during the various prestres», 
stress, and extinction conditions. No conclusive results were obtained. 

Baker and Taylor (1954) investigated changes in skin temperature, electrical 
skin resistance, and pulse rate after their subjects viewed a display of jumping 
electrical sparks in one experimental condition, and were subjected to a per¬ 
formance-optimizing level of induced muscular tension held on a hand dynamometer 
in the other condition. They found that skin temperature changes increased signifi¬ 
cantly over resting states when both spark and tension were involved. Skin resist - 
anee showed significant decrease during the spark stimulus and under tension. 
Pulse change also increased significantly for both conditions. Skin temperature 
increase and skin resistance decrease were significantly greater under spark 
stimulation than under tension. Small but significant relationships were in evidence 
between the various measures. Van der Volk and Goren (1950) studied electrical 
skin resistance during periods of induced emotional stress. They found that 
pat ients with ulcerative colitis, diabetes, essential hypertension, peripheral 

■ vascular disease, and peptic ulcer became tense quite easily while being subj ected 
to the experiment. When these diseases were in evidence, a rise of electrical 
skin resistance was usually observed. The authors thought skin resistance^would 
be a useful method for measuring tension in Hc.*mingly quiet individuals. Glassner 
and Peters (1959» I960) have extensively explored the applicability of bio-electronic 
techniques. Their research emphasized the possible use of bio-electronically 
monitored phenomena as criteria of human performance and well being. They were 
of the opinion that significant differences in physiological response can be bio-elec- 
tronically monitored when the difficulty level of an intellectual task is system¬ 
atically varied. 

Conducting physiological research often necessitates developing new 
. equipment. Johnson (1959), for example, has developed an automatic measuring 

device for detecting and measuring the arterial diastolic and systolic pressures 
to provide physiological information about an individual while he i s being subjected 
to stress. Another improved device has been developed by Custance (i960) for 
continuous measuring and automatic recording of sweating rates. The author felt 

. the technique was equally applicable to mental and emotional sweating. An earlier 
experiment by McCleary (1953) explored the possibility of using a bag of crystals 
which shift color with increasing hydration as a method for measuring palmar 
sweat. McCleary recognized the many sources of error involved in such an 
experiment} yet he still felt that the SAM Manual Perspiration Test was sufficiently 
reliable to detect statistically significant deferences in anxiety as indicated by 
Palmar sweat. 
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In a purely phynioloßical effort Ryan and Cottrell (1952) simultaneously 
recorded muscle potentials from 'two body areas, as well as palmar skin re¬ 
sistance. It was found that skin resistance tended to decrease with increased effort, 
but that changes in muscle potential were more reliable than changes in skin re¬ 
sistance. Hyman (I960) has shown that stationary objects may be perceived as 
containing objects which jump periodically when these displays are viewed with 
periodic intermittent and periodic alternate exposure of the eyes. With a rate 
increase of intermittence or of alternation, it is possible to reach frequencies at 
which the jumping will Just disappear. He suggested the exploration of eye- 
movement latency as a possible indicator of physiological stress. 

Bliss, et. al. (1956) investigated the relationship of adrenocortical function 
to emotional stress. For the most part, anxiety or fear was "judged" as being 
present by the investigators. Under conditions of judged life stress, the level of 
the 17 hydroxycorticosteroid in the peripheral blood and 17 hydroxycorticosteroids 
conjugated as glucuronides in the urine served as adrenocortical function measures. 
The authors found consistent but modest increases in 17 hydroxycorticosteroids in 
the blood and urine. 

Some investigations have been concerned with relating physiological and 
psychological (overt behavioral) indices. For example, Selye and Fortier (1950) 
•uggested that there is a relationship between pituitory-adrenal activity and mental 
processes, although they are not able to state the exact relationship. In an experi¬ 
ment to measure stress in younger and older men, Pincus (1950) asked his subjects 
to undergo a series of four stress tests: (1) glucose tolerance test, (2) a pursuit 
meter test, (3) target ball frustration test, (4) adrenocorticotropin injection test. 
The blood constituents were then measured for a pre-stress, stress, and a post¬ 
stress period. His analysis of the urinary and blood constituents suggests that men 
surviving to old age in good health may preserve relatively intact pituitary-adrenal 
mechanisms involved in response to acute stress. Domanski, et.al. (1951) studied 
esinophil output associated with selected forms of treadmill exercises. They in¬ 
dicated that there was a minimal relationship between the esinophil count obtained 
and any emotional stress arising from the various exercises. In a very subjective 
and clinical experimental treatment Stevenson and Ripley (1952) performed a 
pneumographic study of 22 patients (15 with asthma and 7 with anxiety states). The 
respiratory patterns were found to vary closely with emotional stress. 

In reviewing physiological work, one may acquire the impression that many 
of the experimenters were too "subjective" in their research methods. Subjectivity 
alone, nowever, is not sufficient to negate the results of research which inter¬ 
relates bio-electronic, chemical, physical, and subjective indices of stress, 
assuming that adetjOate measurement pri edures obtain. There is considerable * 
evidence that these will be valuable measures in future stress research and that 
as a consequence of this work, stress might shift from an intervening variable to 
a hypothetical construct. In some cases practical problems arise, e.g. the funds 
available to a particular scientist may restrict the use of adequate devices, since 
some of the equipment is extremely complex, expensive, and often requires the 
services of highly trained technicians. Because of the potential promise to be 
gamed by using physiological indices, especially to help understand individual 
differences, these are discussed in more detail in the next chapter. 

b. Performance Measures. The literature abounds with studies which use 
performance measures as dependent variables. In general, the subjects are intro¬ 
duced to situations which are presumed to be stressful and effects on experimental 

12 



task performance are noted. Some representative examples of studies of this 
nature are as follows: 

(1} Reaction time: Wener (1954) performed an experiment in which the 
stimulus was mild shock, strong shock, or a buzzer. The subjects' task was simply 
to depress a reaction-time key. The subjects were 84 undergraduates from the 
University of Iowa. The independent variables were stimulus intensity and anxiety 
as measured by the Taylor scale. The dependent variable was drive level in the 
Hullian sense as it was related to performance on the reaction time task. The 
results indicate that manliest anxiety and stimulus intensity might be regarded as 
having motivational effects. However, there was no significant decrease in the 
difference in speed of reaction between anxious and non-anxious individuals with 
increased stimulus intensity. This was possibly due to the fact that either both 
groups responded at relatively high anxiety levels, or that the stimulus may not 
only have varied in intensity but may also have affected different modalities. 

(2) Verbal learning: Chiles (1958) reported an experiment which involved 
determining the effects oi shock on learning two types of verbal tasks: (l) a high 
degree of association between the stimulus and response (synonyms), and (2) no 
association or unrelated words. The findings show electric shock produces signifi* 
cantly better performance on both types of tasks. The data tend to support results 
reported by Spence, Färber, and Taylor (1954). The author concludes that mild 
stress can lead to improved performance on a verbal task. 

(3) Voice intelligibility: Harris (1948) presented a study concerned with 
the effect of distracting conditions on the intelligibility of voice communicators. 
The distracting conditions were threat of electric shock, and addition of an unre¬ 
lated task to be performed simultaneously with the experimental task (reading a 
list of words). In analyzing the research results, the author found that in general, 
there is a tendency fo.* the intelligibility of communicators to deteriorate under 
stress. 

(4) Level of aspiration: A stuoy designed to investigate effects of failure 
induced stress upon the aspirations of differentially motivated subjects was re¬ 
ported by Versace (1954). The subjects, who were allowed to interrupt a tracking 
task with periods »f exercise or rest, were chosen according to the levels of 
aspiration they displayed in a group-administered verbal intelligence test. The 
results show that there is a transient lowering of proficiency when stress is intro-4“ 
duced. This is particularly true for subjects who have an initially low level of 
aspiration. These subjects also seem to lower their aspirations the most. 

(5) Perception of incongruities: An experiment was performed by 
Smock (1955) in which the dependent variable was the recognition of incongruous 
stimulus configurations. Stress was defined by the experimenter as threat of 
failure and personal rejection of the subject by the experimenter. The author 
stated, "psychological stress results in: (a) premature closure, and (b) a tendency 
to adhere to expectancies in ambiguous task situations, i. e., stress or anxiety 
results in cognitive and perceptual processes that tend to preserve a 'familiar' 
perceptual and behavioral field for the individual." 
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(6) Perceptual rigidity; In studies related to perceptual rigidity the 
approach is in general, to provide subjects with such tasks as the Luchins water 

• jar test, induce stress, and observe performance. Cowen (1952) in a report of an 
experiment of this nature indicated that increasing stress does in fact elicit in¬ 
creasingly rigid problem-solving behaviors. 

In an experiment using several tests of rigidity [ (1) California (F) 
Scale, (2) Luchin Einstellung problems, (3)Closure Test I (tests ability to shift 
perceptual set), (4)Closure Test II, (5) Changing Figure Test, (6) Design Prefer¬ 
ence Test, (7) Forced Choice Anxiety Scale, (8) Test of Insight, (9) Air Force 
Qualification Test Scores (Intelligence) J, French (1955) reported that ego involved 
conditions did not produce an increase in rigid behavior. Achievement motivation 
did, however, increase under the ego involved condition. Smock (1955) found 
support for his hypothesis that psychological stress would result in decreased 
tolerance for ambiguity. Vince (1950) failed to confirm the hypothesis that an 
"unexpected" response habit may be thoroughly learned, but will be more likely to 
disintegrate under conditions of stress than an "expected" habit. 

3. The Intervening Variable Approach 

The following studies focus upon the compltx relationships between antecedent 
and consequent conditions from which it might be possible to abstract an "interven¬ 
ing variable" or "hypothetical construct:" 

Beam (1955) varied the antecedent conditions and obtained several different 
performance measures, thus treating stress as an intervening variable. The 
author was of the opinion that the effects of stress on a serial learning task were 
in the direction predicted by Hullian theory, in terms of increased "drive." 
Combs and Taylor (1952) allowed their subjects to establish their own perceptions 
of how threatening any stimulus might be. From the results the authors concluded, 
"Threat is what appears to one as threatening, irrespective of what outside 
observers think of the situation." In another study in which several antecedent 
conditions were varied Coppock (1955) reported that suggestion and stress can 
influence the extent of an individual's overreaction to information about his own 
autonomic responses. A study reported by Falk and Bindra (1954) dealt with stress, 
serial position gradient, and their relationship to the judgment of time. The 
subjects were divided equally into experimental and control groups. The product¬ 
ion method of temporal judgment was used. The subjects were tested individually 
and given no clue as to accuracy of their time judgments. G.S. R. electrodes were 
attached to the right hand of the subjects in the experimental group. The left hand 

* was wired to an inductorium. The subject viewed a memory drum which had either 
a red or a blue mark appearing in the window. When a subject heard the memory 
drum click, he was supposed to look at the particular mark in the window and 
estimate when 15 seconds had passed by depressing a chronometer key. A 
statistically significant serial position gradient was found in both groups. The 
anxiety-producing situation led to significantly greater overestimation than a 
comparatively neutral situation. Further, the direction and slope of the serial 
position gradient was not significantly altered by differences in treatment. 

Other examples of studies which treated psychologic“’ stress in terms of 
intervening variables are provided by Färber and Spence (1953) who studied the 
relationship between anxiety and complex learning and conditioning. Also relevant 
is that of Glassneiïfnd Peters (1959) already mentioned, and finally that of , 
Rosenbaum (1953) who was interested in determining the relationship between 
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experimentally induced anxiety and stimulus generalization. The subjects were 
trained to make a motor reaction response to a visual stimulus; they were then 

■tested on other stimuli, differing in height from the training stimulus. The 
frequency amplitude and latency of the responses to these generalized stimuli were 
?2 «aa,8 0{ 8ene'altleatl°n. The subjects were 72 psychiatric patients, and 
72 male introductory psychology students. There were three levels of experimentally 
n uced anxiety effected by different intensities of shock and a buzzer. The shapes 

of the generalization gradients for frequency and amplitude were highly similar in 
tbh^í SihT* Str°£g •hockwrc8ulted significantly higher generalisation gradients 
fî, H Kh»l Weî!i ■h°ck.or to***®' wiih both types of subjects. No differences were 
found between the effects of weak shock and a buzzer. 

SUMMARY 

This chapter has been concerned with the illustrating the breadth and scope of 
stress research via examples. The purpose of the presentation was to point out 
conceptual and methodological difficulties encountered in studying stress. The 
position taken by the writers is discussed in Chapter VI. For the present time, 
however, it seems worthwhile to point out that the original Lazarus and Oeese 

speciflc^event^tô 11 8uccecdH in reducing a vast conglomeration of 
unifying concepts. However, much work remains to be 

“ °'der ^ liak the conceptual structure to the plane of observation. For a 
general discussion of the procedure necessary add the problems involved, see 
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SECTION III 

INDIVIDUAL DIFFERENCES IN STRESS REACTIONS 

* 
, Prior chapters have been concerned with the development of the stress notion 

and its progress toward a scientific concept. In these and in the ensuing chapters 
the primary focus has been upon "stress" as a general effect, across individuals, 
associated with certain environmental changes and/or experimental manipulations. 
The present chapter departs from the "treatment effect" approach in order to 
consider the role of individual differences: Why are some people stressed more 
readily than others? 

PSYCHOLOGICAL INDICES 

A number of researchers have directed their efforts toward deriving measures 
which will permit the^prediction of an individual's reaction when placed in a 
stressful situation. A sizable portion of this research has been aimed at 
determining the effectiveness of projective tests as stress reaction predictors. 
Many experimenters who based heir research on projective tests as stress 
reaction predictors have made the tacit assumption that these tests provide 
reliable and valid measures of the various personality traits, in the absence of 
critical validation data. Thus, the rather tenuous nature of many such instruments 
as measuring devices has not curtailed efforts to establish them as predictors. 

1« The Rorschach Test! Some attempts have been made to predict stress reactions 
from Rorschach scores. Williams (1947) reported a high degree of relationship 
between performance under stress and Rorschach measures of emotional and 
intellectual control. Carlson and Lazarus (1953) repeated Williams* study, however, 
and found no relationship between Rorschach measures and a decrement in perform¬ 
ance ander stress. They concluded that the correlation reported by Williams is 
not representative of the relationship between Rorschach variables and performance 
under stress. Charges (1955) tested a group of 30 students with the Rorschach and 
divided them into three groups: well adjusted, moderately well adjusted, and 
maladjusted. He then placed the subjects in stress situations in which a card 
sorting and a digit-symbol task were performed. Success was made impossible by 
falsifying the subjects* scores. "Unacceptable" responses made by the subjects were 
classified in terms of verbal aggression, physical aggression, and rationalization and 
an analysis of variance was performed to determine whether the different groups had 
essentially different reactions. Significant differences were obtained, being more 
pronounced for the digit symbol task. 

Lofchie (1955) studied the performance of adults under distraction stress. He 
utilized a population of 35 male industrial workers and tested a hypothesis that 
subjects scoring higher on the Rorschach index of perceptual maturity would be 
better performers on a psychomotor task under conditions of distraction stress. 
The results of the experiment supported his hypothesis. 

Miscellaneous Personality Measures: Several other personality correlates 
have been used as a basis for research relative to predicting behavior in emotional 
stress situations. These researches have involved such measures as: the 
Minnesota Multiphasic Personality Inventory (M. M.P.I, ), Bender Motor Visual 
Gestalt, Winne scale, need achievement inventories, and several newly developed 
personality inventories. 



Deese, Lazarus, and Keenan (195 3) studied the relationship between experi¬ 
mentally induced stress and personality factors. They chose 90 subjects usine a 
questionnaire by Winne composed of 30 items from the M. M. P. I. These items 
•supposedly differentiate between normal and neurotic individuals. The subjects 
were divided into three experimental groups of 50 subjects each. In each experi- 
mental group 15 subjects had scored low on the Winne inventory and 15 had scored 
nigh. All of the subjects learned he 12 consonant nonsense syllables for 12 
trials. The control group was tolu that they were serving as the control group, 
and learned the syllables without threat or punishment. The avoidance learning 
group read through the list once, as had the controls; they were thereafter 
shocked for failure to respond or for making an incorrect response. They had 
been told that this was going to happen beforehand. The non-avoidance learning 
group was treated the same as previous conditions except that they were shocked 
irrespective of whether or not they made a correct response. The shock frequency 
was matched to that in the avoidance group. This shock condition was also explained 
to the subjects before the trials. The researchers found that high anxiety groups 
gave consistently more correct responses than the low anxiety groups. This 
difference occurred early in learning and was maintained throughout the experi- 
me j.*. An intefaction between the personality inventory and the experimental 
conditions was such that the largest difference between the high and low ’'anxiety" 
groups occurred in the avoidance learning situation. 

French (1955) studied the relationship between rigidity and behavior under 
stress and non-stress conditions. In her study, 40 male airmen were measured 
with seven tests of rigidity, a test of achievement motivation, and an intelligence 
test. Ego-involvement (stress) was introduced by telling the subjects that the 
results of the test would be important to thei r Air Force careers. She found no 
increase in rigid behavio .- under ego-involved conditions. Ego-involvement did 
hot produce an increase in the degree of relationship among the various measures 
oi rigidity. Achievement motivation increased under ego-involved conditions. 

Bittermananonoltzman (1952) were interested in discovering whether or not 
C°"dl“on-g Pr°cedures might provide them with objective indices of emotional 
stability that could be used as psychiatric screening devices for the military. 
They chose 37 university men at random from a list of volunteers. The subjects 
were rated for susc eptibility to anxiety on the basis of the M. M.P. I. and 
performance in a laboratory stress situation; they were then divided into two groups 
on the basis of this combined criterion. The experimenters discovered that the 
galvanic skin response to shock was more easily conditioned and less easily 
extinguished in the high anxiety group. The authors suggested that the results of 
the study were significant indicators of the need for further research to establish 
the relative worth of conditioning procedures for psychiatric screening of military 
personnel. 

J. G« Miller (1953) was also interested in developing stress sensitive tests 
for predicting military task performance. He reviewed the literature on stress 
reactions and selected twenty testing procedures which he thought might be 
effective in determining the presence of stress reactions: 

(1) Korchin's test, Tachistoscopic presentation of broken circles with 
some complete circles interpolated, the observer being required to 
designate the location of the break, if ¿my. 
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(4) 

(5) 

(6) 

(7) 

(8) ; 

(9) 

(10) 

(ID 
(12) 

(13) 

(14) 

(15} 

(16) 

(17) 

(18) 

(19) 

(20) 

The Wisconsin concept-formation test. 

A level of aspiration test, the ball-and-slot test of Rotter. 
The total achievement score, as well as goal-discrepancy scores, may 
be studied. 
Critical Flicker Fusion, in which both rate of flicker and percentage 
of time the light is visible can be varied. 

The Digit-Symbol subtest of the W-BIS. 

The Digit span subtest of the W-BIS. 

Cancellation of Cs from a page of Os. 

A tapping rate personal tempo test. 

Leg-swinging personal tempo test. v 

Word Fluency subtest of the SRA primary mental abilities test. 

The number subtest of the SRA primary mental abilities test. 

The ergograph, employing a single finger and measuring both 
strength and tempo. 

The myokinetic test, involving two-hand coordination. 

The Luria Technique. 

The pneumograph, 

A sentence-completion test, scoring the total number of fear , 
responses. 

The auditory Flutter Fusion test of Davis. 

The Taylor A scale of the M. M. P.I. 

The trembleometer test, measuring microtremors of a finger. 

The tracking test, in which subject taps at a line or target over a 
moving paper strip. 

These twenty tests were pretested to 48 paratroopers making their first jump 
from a 34-foot mock tower. From the analysis of the data gathered under these 
conditions, four tests were selected as being likely to be the most predictive of 
performance under stress: 

(1) Critical Flicker Fusion 

(2) Cancellation of Cs 

\ 
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(3) The Primary Mental Abilities Word Fluency Test. 

(4) The Trembleometer Test. 

These four tests were administered to 500 pre-inductees under ordinary 
estxng conditions and also under conditions where stress was induced by 

continuously sounding an 8000-cycle, 90-decibel noise. The results were 
inconclusive. The author thought the trembleometer and the Critical Flicker 
t usion tests appeared to warrant further study. 

Er des on, Lazarus, and Strange (1951) in a follow-up study of an experi- 
chlt? investl8ated the effects of failure stress upon performance on the 

git Symbol test, attempted to predict performance under stress from various 
personality measures. No significant relationships were found between the various 
personality measures and performance under stress. Nor was there any 
significant relationship between performance under stress and any Rorschach 

of FÎrîora Were 0n the GuUford-Martin Inventory 
‘act°irsjGA1íINJand 010 Bel1 Adjustment Inventory. From this it was concluded 

that subjects who improve in performance under stress are more ascendant and 
¿rCateÍ 8elí-coníidence. The authors also found that subjects who character- 

ized themselves as calm were more likely to show impaired performance under 
etress than those reporting themselves easily upset under stressful conditions. 

The authors discussed their results as follows: "It was demonstrated that 
su jects who are rated as overtly disturbed in stress situations need not be those 
who show impaired performance. The full impl ication of this fact has not 
previously been recognized by psychologists interested in psychological stress. 
,T«rf«P8yCíÍaitrlC ®5:ree,uî'g of »«üitary personnel has, in the past, greatly depended 
upon such signs of emotK .al upset as tremor, excessive sweating, and other 
anxiety indicators. It is. . jssible that these criteria are inappropriate or less 
important than supposed should further work substantiate the lack of positive 

stres1^ conditions**n °UtWard 8ÍgnS °f dÍ8turbunce *nd impaired performance under 

iAPF/ T*18 f1?5?“1?57,) was active in promoting a study of the relationship of 
t ♦ P8ycI™logica\-t™«». He and others developed the Behavior Interpre- 

ttion Inventory, which at the outset was only meant to be an aid to the study of the 
~-8tre? relationship. However, Applezweig stated, "As the standardization, 
revision, and restandardization of the BII proceeded, we became more and more 
convinced that development of this type of measure was worth the major part of our 
efforts, and that it was yielding results of sufficient promise to warrant its 
continuance.*' 

The Behavior Interpretation Inventory is a 59-item forced-choice scale 
designed to measure the following four dimensions of human motivation: (1) Escape 
from present pain or discomfort, (2) Avoidance of future pain or discomfort, 
^Social approval, or belongingness, and (4) self realization, or self-approval. 
A basic assumption underlying the rationale of the BII is the notion that a person 
will be psychologically stressed when faced with a conflict of motives. By use of 
the criteria of interchangeability and choice in the construction of the BII, motive 
classes which must conflict when aroused simultaneously were automatically 
created. The forced choice format of the scale also forces the subject to employ 
his own criteria of interchangeability in choosing between item alternatives. In 
terms of conflict theory, the greater the absolute strength of opposing tendencies, 
and the longer the person is caught in the conflict situation, the greater will be the 
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te » r,( „„„flirt- i P stress. Apple^weig felt that from knowledge of a par- 
effects of conflict, i. e., str ! PP should be possible to predict typical 
ticular situation ana an individual s LUI me, u *nomu ui. v .. J T. __pma 

ä ÄÄXrÄ«,L*^c.. 

Rarrv Fulkerson, and Sells (1956) undertook an experiment in which they 

th.mÄn.r.f «l notio„ ^ «>. te.« 

was sensitive to the effects of stress. 

Eriks en (1954) performed an experiment designed to investigate %ome 

E£?«=»£Hä£^.-&ä 
SS :S ; :: r ™S;:;ssS 

through use of the Me Me P« !• 

Korobow (1955) was interested in studying the re,lation8hiP ^eC" e 
personality traits, attitudes, and reactions under ®f *Two of these 

reUed'h^üy'orfntrospe^iTm The^caJs were! (1) Introspective rating scale 
A to uncoverprobable responses to stress conditions. This was administered 

one week before the experiment. (2) Inti;os?fCtlVetratTo induced stres^. This 
obtain subjective reports on the subjects fel reac ion Jenkins* "How Well 

,. . aiikiorta reacted to the stress in accordance with the suDjecuve rep«* 

S2“E:r.»s;,:= ^saS^r 
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Brozek and Taylor (1954) investigated the predictive value of strength tests, 
speed tests, and a coordination test in combination with certain physiological 
indices of the ability to do hard work. They found that a combination of the speed, 
strength, and coordination tests with the physiological indices provided a 
meaningful measure for use as a basis for the predicting of behavior in deteriorat¬ 
ing biological stress situations, Voas, Bayer, and Ambler (1955, 1956) studied 
the extent to which behavior in a stress situation could be used to predict failure 
in a highly stressful flight-training situation, where later separation was as¬ 
sociated with an expressed anxiety toward flying. Results for more than 1500 
cadets showed that there is a significant relationship between anxiety reactions 
during simulated high-altitude Hying in a decompression chamber and eventual 
withdrawal from the flight-training program with an expressed anxiety toward 
flying. 

Weybrew and Alves (1959) explored the feasibility of using Electrodermal 
conductance (EDC) measures or other autonomic nervous system indicators as 
predictors of ability to tolerate the stresses of long submarine submergence. 
They obtained EDC measures from ¿3 enlisted submariner candidates during 
forced hyperventilation and breathholding. The subjects were also rated on the 
following trait rating scales: adaptability to change, emotional stability, 
anxiety, muscul:.." tension, talkativeness, acceptance of authority, self-concern, 
excitability, fatigability, maturity, self-confidence, emotional tone, motivation, 
recklessness, likeability, alertness, leadership, industry, problem sharing, 
aggression, mood, frustration tolerance, and an over-all rating scale as a 
potential submariner. They found basal conductance level to be negatively 
correlated with ratings on adaptability to change, motivation, likeability, industry 
and self-confidence. Relative recovery to basal conductance levels was positively 
correlated with the ratings on emotional stability, absence of hypochondriacal 
symptoms, adaptability to change, likeability, and absence of tendency toward 
depression, rurther, the lability of basal conductance level and ratings of the 
trait dimension of excitability were negatively correlated. Rated anxiety as it 
was measured had no correlation with any of the EDC measures. On the basis 
of these findings, the authors felt there was some indication that the EDC-derived 
measures could be used as predictors of ability to tolerate the stresses of long 
suomergence. 

it the environment from which Ekman (i960) drew his subjects can be 
considered stressful, his experiment is worth consideration. He studied the 
disciplinary behavior of stockade prisoners and their adjustment to the stockade 
environment. He examined their behavior before entering the service, their 
military records, and their responses to the M. M. P. I. and the Bender Visual 
Motor Gestalt Test (BG). He found the same type of personality pattern present 
in the most severe disciplinary offenders and the model prisoners. The M. M. P. I. 
did differentiate the various groups of disciplinary offenders or model prisoners, 
while the Bender Gestalt did not. 

Ekman also reviewed the responses of recruits to the M. M.P. I. in the first, 
fourth and eighth weeks of basic training. He found a slight but significant 
movement in the direction of pathology--an increase in aggressive, impulsive 
characteristics--as a result of basic training. If basic training can be viewed 
as a stressful condition, an implication that one might consider is that it may be 
important to study the way performance under stress modifies the individual's 
personality as well as how personality traits determine the reaction to st^^ss. 
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Flaherty et. al. studied the reactions of four subjects to thirty-six hours of 
confinement in the School of Aviation Medicine Space Cabin Simulator. They 
found two of their four subjects unable to continue the simulated flight. In their 
discussion they presented a psychiatric evaluation showing why the two men 
failed to complete the flight. The authors did not indicate whether they made any 
attempt , to predict the future behavior of these or other individuals from their 
psychiatric protocols. 

3. Anxiety as a Measure of Stress Susceptibility: The Taylor Manifest Anxiety 
scale has been the subject of a great deal of controversy and research. The scale 
was originally constructed by asking clinicians to select the items for the 
questionnaire from a pool of M. M. P.I. questionnaire items. These were grouped 

^together into a scale, which was called the Manifest Anxiety Scale. Whether the 
title of the scale is accurate or not, the M.A. S. has been viewed by some 
researchers as a predictor of the way a person will react to stressful situations. 
Studies relating performance on the M. A. S. to performance on a wide variety of 
tasks have produced both positive and negative results. 

Hilgard, Jones, and Kaplan (1951) described an experiment designed to 
examine the relationship of conditioned discrimination to anxiety. The stimulus 
consisted of changes in illumination on adjacent windows of flash glass. During 
the reinforcement trials the increased illumination of the right window was 
followed after 650 m. sec. by an air puff to the right eye. The independent 
variable was anxiety as measured by the M, A. S, The authors reported that simple 
conditioning was obtained in one period. This was followed by discriminatory 
conditioning in a second period. During this second period the air puff always 
followed the illumination of one window; illumination of an adjacent window was 
never followed by an air puff. The authors found a positive, non-significant 
correlation between anxiety and simple conditioning. Correlations that 
approached significance were found between anxiety scores and two measures of 
discrimination. These were taken as evidence that more anxious subjects did 
not discriminate as well as less anxious ones. 

Taylor and Spence (1952) investigated the relationship between serial 
learning performance and anxiety. They used drive strength as indicated by the 
scores of the subjects that fell within the upper and lower 15 percent on the 
M. A. S. They found that the high drive (anxious) subjects required a larger 
number of trials, and made a significantly greater number of errors in reaching 
the learning criterion. Spence, Färber and McFann (1956) found that "anxious" 
subjects required significantly more trials to reach criterion on a paired 
associates learning task. 

Holtzman, Calvin, and Bitterman (1952) considered the Winne scale to be a 
valid index of anxiety. They correlated it with portions of the Taylor scale and, 
due to the high correlation between the two scales, presented their results as 
evidence for the validity of the Taylor Manifest Anxiety Scale. (At least it 
would appear that these two scales are measuring the same thing, whatever 
that is.) Spence and Taylor (1953) reported an experiment in which the inde¬ 
pendent variables were the diagnostic classification of the subjects: i, e., normal, 
neurotic, and psychotic, plus their M. A.S. scores. The subjects were 45 normals 
from an introductory psychology course, and 55 patients, 34 neurotic and ¿1 
psychotic. The dependent variable was eyelid conditioning. The experimenters 
found the psychotic group to be significantly higher in conditioning performance 
than either neurotics or normals. The neurotic group displayed a slight. 
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statistically insignificant superiority over the normals. Patients with high scores 
displayed a higher performance than did the low-scoring patients. Normal 
subjects with extreme anxiety scale scores differed significantly in conditioning 
performance. It appears that as the anxiety scores increased, the level of 
conditioning became greater. 

Wesley (1953) provided some comparatively negative results in relation to the 
M. A.S. She used rigidity as defined by a questionnaire, and anxiety as defined by 
the revised Taylor scale as her independent variables. The dependent variable 
was performance on a concept formation task. The author did not find a signifi¬ 
cant relationship between manifest anxiety and rigidity as defined by the paper- . 
and-pencil questionnaires. Further, there was not a significant difference in the 
number of trials taken by the rigid, anxious, and normal groups to reach criterion 
in the original learning series. 

Meyer, Bahrick, and Fitts (1953) were interested in the relationship of 
incentive and anxiety to the human blink rate. The subjects that performed in their 
experiment completed portions of the Taylor inventory, and also the Potter 
completion test which was scored for maladjustment by an expert clinician. The 
experimenters used monetary incentives throughout the experiment. The in¬ 
dependent variables in this experiment were incentive and personality test scores. 
The dependent variable was the human blink rate. Their results showed 
significant changes in the blink rate when incentives were introduced. However, 
the only significant correlation between blink rates and the personality measures 
was found with scores on a maladjustment index based on the Potter Sentence 
Completion Test. 

Katchmar (1953) reported an experiment in which the subjects were chosen 
on the basis of high and low scores on a modified form of the Taylor Manifest 
Anxiety Index. The experiment examined the effects of three independent 
variables--level of anxiety, ego-involvement, and failure stress--on per¬ 
formance at a highly repetitive task which r equired a shifting between two well- 
practiced acts: the Woodworth-Wells form naming and substitution test. 
Performance was measured by the time to completion, the difference between 
pre and post stress time to completion, number of errors and number of blocks. 
The analysis of variance indicated that subjects who were high in anxiety showed 
significantly poorer performance as measured by time to completion, errors and 
blocks. The difference between pre and post stress performances showed that 
anxiety also has the effect of increasing susceptibility to stress. A test experi¬ 
ence inventory indicated that high anxiety subjects experienced stress to a 
greater degree than the low anxiety subjects. 

Goldstone ^1955) examined the relationship between Flicker Fusion Thresholds 
and anxiety. He plotted the following four measures of FFT on normal 
probability paper: (a) FFT, (b) slope or precision of judgment, (c) difference 
in FFT between the first and last ten runs of the flicker test, (d) the difference 
in slope between the first and last ten runs. His interpretation of the results 
disclosed that the high anxiety subjects had a lower FFT than those with low 
anxiety. They also had a greater decline in FFT associated with continued 
exposure to the flicker test. 

In an experiment relating discrimination apparatus stress to the Taylor 
scaie, Kamin (1955) found manifest anxiety unrelated to discrimination task 
performance. He stated, "The pattern of intercorrelations, and the fact that 
Taylor Scale score is related to mechanical aptitude, suggested the speculation 
that data of studies relating the Taylor scale to eyelid conditioning may be 
attributable to the mechanical aptitude-Taylor scale relation, or 'apparatus 
stress'." 



Kerrick (1956) lound no significant difference between high and low manifest 
anxiety groups in relation to discrimination performance on a form of Osgood’a 
semantic differentia!. The author also found that increased anxiety in high I. Q. 
subjects tended to make them less "discriminating." The reverse was found to 
be true for low I. Q. subjects. 

Burns (i960) compared the scores on the M. A. S. with scores on a time 
diffWlV«« WaS hyPothesized that the high M. A.S. scorers would have 
^ a r«8P°n8e. as revealed by performance on the Time 

7® i*I,The 8ignific^nt correlation obtained between the M. A.S. and 
TE scores for th^( longer time intervals to be estimated substantiated the 
Hypothesis. 

♦u. ? C^n many attemPts to assess psychological stress from 
the standpoint of the Taylor scale, that the scale itself is often accepted at face 

«ÍVíTÍ/ hav® aPPlicabilitY for predicting performance in a task induced 
wíí • H°Wev®r' a«empt8 to use it in such a manner should be viewed 
»5 rfu CÍ?m,in the ab8ence of direct supportive data. The need for careful 

study of the Taylor scale before its incorporation into objective experimentation 
was emphasized by Jenkins and Lykken (1957): P 

The theory underlying the M. A, S. has never been clearly 
enunciated. The test was originally constructed by asking 
clinicians to select from a pool of standard personality 
questionnaire items, those items which would likely be 
endorsed by persons suffering from high manifest anxiety. 
Some of the postulates which would appear to be involved, 
therefore, in the theory of this test include: (a) that there 
is some unitary state (or response) with respect to whose 
intensity people vary, which may reasonably be called 
manifest anxiety; (b) that the clinician-judges had reasonably 
isomorphic notions of the nature of the variable; (c) tha; the 
clinician-judges were able to predict validly the normal 
questionnaire behavior of persons high on this variable 
(which, in turn, implies the assumption that the clinicians 
were able to assess validly the intensity of this variable 
from clinical observation of individuals), and (d) that the 
total number of such items which an individual testee 
endorses approximates to some monotonie increasing 
function of the intensity of the variable in that subject at 
that time, over the full range of such intensity observable 
in the general population. 

Deese (I960) indicated the weakness inherent in current attempts to predict 
skilled behavior from personality measures. He pointed out the fact that 
though numerous investigators have found such correlations which did indeed 
vary as a function of the conditions of stress, "...the obtained correlations 
jirg alrnost without exception small, and in some cases9 contradictory 
evidence concerning both their direction and magnitude is available." Deese 
suggested that possibly a very narrow range of personality measurements has 
been tapped in the studies of correlation of personality and skilled performance. 
This was evidenced by the fact that though a large number jjf personality scales 
have been used (Winne Inventory, Taylor Scale, Psychasthenia Scale), little 
has been learned because these scales are highly correlated. He referred to 
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this when he said( "Even investigators who have used scales not derived from the 
M, M. P• 1« have failed in the attempt to escape personality tests which correlate 
highly with the Psychasthenia Scale." He concluded, therefore, that despite the 
plausibility of the notion that there should be an association between performance 
stability and objective personality dimensions, the evidence in support of such a 
notion has been weak. 

PHYSIOLOGICAL INDICES 

Understanding and control of the effects of psychological stress have been 
much impeded by the absence of techniques for measuring stress itself. As has 
been indicated, this must usually be effec ted on a highly inferential basis. The 
possibility of defining "stress" in terms of some objectively observable process 
has intrigued many investigators. The most obvious possibilities are the various 
physiological changes, which do bear some known interrelationship: i. e,, they 
show correlated changes as an individual is exposed to stressful stimuli, A 
plausible assumption (usually not made explicit) is that because these measures 
co-vary as state changes within subjects, they should also co-vary as trait 
measures descriptive of differences between subjects. For example, if electrical 
skin conductance is known to increase when a particular subject is stressed, then 
those subjects with higher skin conductances (when at rest) must be those who are 
"under more of a stress." But stress or stress-susceptibility, when considered 
as a relatively permanent individual difference feature, may have an entirely 
different dimensionality than the pattern of changes that occur within an individual. 
To defend the use of such measures in personnel selection requires, therefore, 
the same experimental evidence as is required for less objective measures. 

Studies relating physiological variables to the presence of stress may be 
considered under ^he headings of (l) blood, (¿) urine, and (3) miscellaneous 
physiological conditions. In reviewing these studies, emphasis will be placed 
upon individual differences. However, some "treatment effect" material is also 
included, where applicable, to permit comparisons between these two lines of 
evidence. 

Li-Biooa: in general, studies correlating various characteristics of the blood 
supply with stressful behavior either relate to some aspect of the circulation or 
to some aspect of the blood chemistry. 

. a« Circulation: Various investigators have attempted to relate blood 
pressure to distress situations. Stevenson, Duncan, Flynn and Wolf (195¿) 
studied hypertension as a reaction pattern to stress and attempted to correlate 

. circulatory hemodynamics with changes in the attitude and emotional state. 
Seventy-four persons were studied. Among the subjects were 30 hospitalized 
patients with resting blood pressures of 150/90 mm Hg or more, 16 patients 
without hypertension and 28 normal persons. Personality data on each subject 
were obtained and correlated with symptoms and with measurements of 
circulatory function. During overt emotional disturbances the hypertensive 
subjects showed a greater rise in blood pressure in proportion to the increase 
in cardiac output than did the normotensives. The results suggest a greater vaso¬ 
constrictive response in this group. 
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Funkenstein and Meade (1954) studied 100 psychiatric patients with 
elevated systolic blood pressures and ¿5 normotensive students with a response 
ÒÍ elevated systolic blood pressure to a stress-inducing situation. The groups 
were compared after intra-muscular injection of standardized doses of mecholyl 
chloride. In this article and in a later article by Funkenstein (1955) blood pressure 
reactions and their implications were discussed. It was determined that blood 
pressure was raised under stress conditions by secretion of adrenaline and 
noradrenaline. Further analysis suggested that these hormones are differentially 
secreted during "anger" and "fear" situations. 

'“Doust (1956) studied the mean capillary blood-oxygen saturation 
of 45 stutterers while at rest and when in stressful situations involving a series 
of auditory verbal stimuli. He found significantly different oximetric scores 
which enabled him to differentiate between traumatic words and neutral words. 
Anoxemia was greatest when the parent of the same sex or his surrogate was 
given as a stimulus. Stutterers as a group were also extremely sensitive to a 
simple breath-holding procedure. 

Schneider (1951) investigated six patients with recurrent thrombophlebitis. 
He found that they reacted to the major and minor stresses of daily living with 
anxiety, fear, and anger; and that these reactions were commonly accompanied by 
a shortened blood clotting time. Lovett-Doust and Schneider (1955) also made 
oximetric Studie^ of various groups including neurotics, schizophrenics, 
depressives, idivpathic epileptics, senile dements, mental defectives, and ♦ 
healthy controls. They found no significant difference between the groups with 
respect to verbal and aurally presented non-traumatic stimuli. However, 
significant anoxemia accompanied the presentation of potentially stressful stimuli 
in all groups except the psychotics. 

Pulse rate has been extensively investigated since it is an easily obtained 
and very responsive measure. Knobloch (1951) measured automatic and motor 
reactions of persons under emotional stress. Using a group of neurotic patients 
as a comparison group and normals as controls, he measured pulse rates during 
rest, physical exercise, and two situations of emotional stresst electrical 
stimulation and the Hull-Eysenck body-sway test. There was no difference in 
resting pulse rates, but in both physical exer~ise situation and the emotional stress 
situation the neurotic group wao more labile in autonomic and motor reaction. 
¿he small number of cases involved in the study made the results more suggestive 
than conclusive, however. 

Goldsmith (1957) performed an experiment directly related to the 
physiological correlates of stress. She used mirror drawing, a modified Carl 
Hollow Square Test, and delayed speech feedback as stressors, and investigated 
their effects upon the galvanic skin response, respiration rate and pulse rate. 
* he experimenter was a^so interested in determining the relationship between 
individual differences in physiological recovery from stress, expressed in terms 
of Friedman*s recovery quotient, and anxiety proneness measured by a paper 
and pencil test* One further goal of the author was to determine the relationship 
between anxiety proneness and initial psychological reactivity measured by papor 
and pencil inventories. 

One hundred and twenty introductory psychology students volunteered for 
testing and were randomly assigned to experimental and control groups. The 
Saslow Screening Inventory (supposed to measure anxiety proneness) and the 
Inevitable Taylor Scale were administered to the subjects as a group before they 
were individually tested in the experimental situation. Physiological measures 
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were taken during the inicial and final 5-minute rest periods and in two intervening 
periods. The control subjects rested throughout the 19-minute experimental 
period. No significant relationship was found between R.Q. scores and scores on 

' tne M.A.S. or Sallow Screening Inventory. There were no significant correlations 
between scores ot^the M.A.S. or the Saslow Inventory and initial psychological 

. reactivity to sires»'. The galvanic skin response, respiration rate, and pulse rate* 
ail appeared to be significantly increased under stress conditions. 

b. Blood Chemistry: The literature contains many reports relating stress 
to eosinophil count. Results appear to indicate that there is a relationship, but 
the studies reported to date do not permit derivation of the exact nature of the 
relationship. Domanski (1956, 1957) has studied the human stress response in jet 
aircraft operation. Blood and the eosinophil counts were used to estimate the 
stress preceding and following one-hour flights. Subjects were studied prior to and 
following flights in F-86D and F-94 aircraft, and in Bight simulators. Various 
types of personnel were tested including experienced pilots, pilots in different 
stages of transition training, and radar observers. In general, results tended to 
support the conclusion that the eosinophil count could be used to estimate individual 
differences -r. reopor.se to a given stress and the relative severity of a particular 
in-flight stress or stress complex. 

ríe.. 95ó) studied the effect of mental stress on the eosinophil count in 
mar.. .-.<: asea dental students taking dental surgery examinations as subjects and 
maue xour eos.nopftil counts at hourly intervals while they were being examined. 
Resu.ts were rather inconclusive. In two subject groups the eosinophil counts showed 
apparent random fluctuations. In the other group, eosinophil counts in .'our 
subject .opeared to fall steadily while the counts on the fifth subject showed almost 
no chec.ge. -ne first four subjects were judged by observers to be suffering 
«_ons.de.ao.e mental stress, while the fifth was judged to be unworried or very 
conficura. 7 

Dreyfuss (1956) studied coagulation time, eosinophil level and 
th.-u.v.oucyte level under emotional stress. Biochemical measures were mace of 
b.ooci samples taken from 36 students immediately before and 24 hours after 
final medical coi.ege examinations. The blood samples showed a very significant 
dev.rea.se in coagulation time and in eosinophil count during the examination. 
Thromoocyte counts showed no variati«,n under the two conditions. Wheeler, et. 
ai. (1 954) studied the effects ox stress, as measured by a decrease in the number 
ox circulating eosinophils, in c group of normal subjects and in a group of patients 
suffering from atopic dermatitis. Stress conditions included direct physical stress, 

. conscious psychological stress, and hypnotically suggested stress. Results were 
complex, but the general indication was that Doth groups responded to stress with 
eosinophil drops, with larger drops in the normal group than in the dermatitis 
patients. 

Board, Persky, and rxa.nourg (1956) analyzed blood samples from 
acutely disturbed mental patients in order to determine blood levels of 
adrenocortical and thyroid hormones. They found that intense stress, as 
evaluated by interview methoas, and extens.ve personality disintegration such as 
that shown in psychotic depressive reactions, were accompanied by high levels 
of these hormones. Beischer (l55o/ determined the serum cholesterol, phospholipid 
and xipoprotien levels before and after exposure to physical exercise, low and 
high atmospheric pressure, mental stress, ,ind hyperventilation. He used five 
human subjects and found that none of the v... .es measured after stress deviated 

significantly from the values measured before stress or from the mean value of 
the control period. 
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n^eiLSky measured glutathione metabolism in men under psychological 
stress. Biochemical analyses performed on blood samples from four groups of 
subjects indicated that glutathione concentration was significantly reduced five to ten 
nours after psychological stresses which included jumping from a 34-foot tower 
tkIIcV1 hfarness» Parachute jumping, and participation in night infiltration exercises. 
The effect was not observed after hard physical work. 

Van de Water (1954) in summarizing findings of a team of investigators 
*aVe,n-JWrerek8 studyinS soldiers in a combat area, indicated that despite 

ide individua! differences, there were certain reliably predictable reactions. 
Blood studies showed that after extensive exposure to a stress situation, such as 
combat, there was a shortage of white blood cells. They also found that men in 
combat sweat profusely, urinate frequently, and yet, in spit¿ of losing water, do 
not show increased drinking behavior. Consequently, a certain amount of 
involuntary dehydration takes place. The findings also indicate that it takes 5 to 12 
days to recover fi^m these combat strains. 

Halmoslt (1953) also studied the modifications of the blood which occur ♦ 
during emotion. He made studies of blood leucocytes, electrolytes, glucose and 
protein in medical students before, during and immediately after examinations. 
His results indicate that blood leucocytes appear to vary considerably during the 
stress of examinations, varying by as much as 140 percent. During a difficult 
test, the leucocyte count goes up and during a period of relaxation it decreases. 
The data on electrolytes, glucose, and protein are incomplete and inconclusive as 
are data obtained from use of the Rorschach F scale. 

Ai—-ülingl A portion of the research effort in the area of psychological stress 
has been directed toward comparing individual differences in 17 hydroxicorticoid 
output or 17 ketosteroid output. In general, a urinalysis is performed just prior 
to, or afte" thr Individual has been in a stressful situation. In such cases the 
investigators are primarily interested in ascertaining whether or not emotional 
stress influences adrenocortical function. 

Hetzei vorace and Woiff(i956) made determinations of the gaseous exchange 
anc loiai nitrogen excretion made before, during, and after "acute d.stressful 
interviews. ¿¡ucnyroid, hypothyroid, and adrenalectomized subjects were studied, 
fhey lound^a significant rise in oxygen consumption and a fall in respiratory 
quotient. This pattern suggests increases in the urinary nitrogen excretion. 
Hetzex et. ai. (i95ó) studied the changes in urinary nitrogen and electrolyte 
excretion during stressful life experiences and its relation to thyroid function. 

• Their studies on normal and hyperthyroid subjects indicate an increase in nitrogen 
. - - and potassium excretion in normal subjects without any difference in urine flow. 

Schwartz and Shields (1956) correlated the urinary excretion of form- 
aidenydrogenic steroids and creatinine with self-evaluations of stress. Their 
subjects^ were medical students intei viewed and tested after final examinations. 
The students' evaluation of the stress associated with the final examination were 
positively correlated with increases in formaldehydrogenic steroid levels. 
Similar patterns of a rise and fall were noted in creatinine excretion, but the 
correlation with tension estimates was poor. Bliss, et. al. (1956) studied the 
adrenal cortical reaction to a variety of natural and experimental stress situations 
using several classes of Lubjects. The affective disturbances aroused were 
accompanied by consistent but modest increases in 17 hydroxycortico-steroids in 
the blood and urine. They found that the changes were less than the changes 
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following intravenous administration of ACTH or insulin, electro-shock treatment, 
or moderate exerciset Clark, L>ahn and Holmes (1954) found in a study of 109 
hospitalized patients that there was a relationship between 17 ketosteroid 
secretion and emotional states during treatment for tuberculosis. 

A study undertaken by Fox (1959) incorporated many indices in addition to the 
analysis of the urine. His study provides a thoroughgoing example of an attempt to 
link the function of the psychological mechanisms in the human organism to some of 
the seemingly parallel biochemical functions which are in evidence during periods 
of mild stress. The working hypothesis which was the basis of the experiment was 
stated as follows: 

Measurable substances in the blood and urine representing 
activity of the adrenal medulla or of the adrenal cortex provide 
a humoral indication of the homeostatic responses to stress. 
Functional balances in the central nervous system—-for instance, 
hypothalamus and cortex--may reflect the same disturbance. 
The psychological manifestations may include primitivation of 
personal defenses expressed in behavior and thinking with 
corresponding demonstrable alterations in the quality of perception. 
In accordance with this hypothesis the investigation has relied on 
methods for observing the human organism under stress which 
attempt to correlate disturbance in relatively constant biological 
and psychological rhythm, equilibria, and defensive balances. 

The subjects were volunteers over ¿1 years old at Harvard, all of whom were 
anticipating eventual military service. Two weeks was established as an adequate 
control period for urinary collections. These were divided so that one week of 
contro. collections was made prior to the first interview with the psychiatrist,, and 
the second control week after the last interview. This was done with the specu¬ 
lation that some Biochemical change might be reflected in the emotional response to 
discontinuing the relationship with the psychiatrist. Various phenomena were 
studied during the course of the experiment: 3 weeks of psychiatric interviews, 
sleep deprivation with concomitant electroem ephalographic studies, changes i.i the 
Dlood and urine, flicker fusion, time sense, perception tests and the ubiquitous 
Rorschach. Finally, each subject underwent an 8-hour intravenous ACTH test. 

j.he author lound that no subject changed significantly in urinary 17 
hydroxycorticoid or 17 ketosteroid output over a five-week period; however, 
individual differences were very significant. The subjects were separated into 
high and low steroid output groups for correlation with personality structure. 
The highhydroxycorticoid subjects displayed intense but undifferentiated quality 
in personal relationships. Subjects in the low group evidently establish personal 
adaptation through emotional detachment. High 17 hydroxycorticoid subjects 
displayed a large number of color responses on the Rorschach with the answers 
being primarUy determined by color rather than form. The subjects who exercised 
extreme control ov#r their feelings displayed a relatively low steroid output, * 
Finally, Fox ascertained that sleep deprivation produced a decrease in the 8: 00 
a.m. level of circulating blood corticoids. 

Cohen, Silverman, and Shmavonian (I960) placed their subjects in a low 
sensory input experimental environment. The 29 subjects were evaluated and 
categorized for "body" or "field" orientation on the basis of the Rod and Frame 
test and the Draw-a-person test. The experimenters observed the following 
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reactions by the subjects to the low sensory input environment: emotiona. and 
cognitive responses, hormonal secretion rates, hormonal excretion rates following 
the experiment, central nervous system, vascular and respiratory system responses, 
sensory discriminative and perceptual threshold characteristics, and the specific 
personality correlates of the "body" and "field" perceptual modes. 

The subjects were brought to the laboratory without being informed of the 
nature of the experiment; after a one-hour rest urine was collected for catechol 
amine specimens; they were led blindfolded into the testing chamber where they 
were tested by a series of clinical neurological tests for sensory discrimination, 
touch threshold, and pain tolerance. The subjects were then left alone in a dark, 
sound-attenuated room without instructions for a two-hour period. During this 
period records of EEC, skin resistance, peripheral plethysmograph, respiratory 
and cardiac rate were obtained. The authors concluded from the results of the 
study that individual differences reflected in the body-field perceptual dimension 
may be related to the response to an environment which exaggerates these 
differences and which ultimately leads to more arousal in one group (field 
dependent). 

3. Other Indices: A number of miscellaneous physiological variables have been 
investigated in conjunction with stress situations. The literature contains 
numerous research articles in which the investigators have employed bioelectromc 
techniques to study differences in reaction to stress. In the present state of 
psychological stress research, approaches such as these appear to be worthy of 
consideration and study. 

Lewinsohn (1956) studied duodenal ulcer patients, patients with essential 
hypertension, and patients with neuromuscular tension. The subjects were tested 
under stress conditions consisting of exposure to cold and failure stress. Various 
measures were taken including heart rate, skin conductance, salivary secretion, 
and finger tremor. The cold and failure stresses produced significant increases 
in finger tremor and skin conductance. The cold test also increased salivary 
output, and the failure test increased heart rate. Although no differentiation 
between the test groups was secured as a correlate of stress, there were 
differences between the stress and non-stress conditions within the various groups. 
Mitchem and Tuttle (1954) studied the effect of exercise and emotional stress on 
the static neuromuscular tremor. They recorded the static tremor of the index 
finger of the outstretched arm supported by voluntary resistance against gravity. 
Subjects were tested after being exposed to graded bouts of exercise and before 
and after a stress situation induced by written examinations. It was found that 
stress increased neuromuscular tremor to a significant degi^e. They also 

* analyzed tremor aj a function of the age of the subjects and found that there were 
significant differences in ne iromuscular tremor between elderly and young males. 

In a study which investigated the relationship of stress situations to the 
galvanic skin response Piercy et.al. (1955) studied a group of 36 psychiatric 
patients. The subjects were divided into two equal groups termed less anxious and 
more anxious. Pain tolerance and the galvanic skin response to three types of 
stimuli - deep breath, an electric shock, and a warning light - were taken. The 
measures were not significantly different for the two groups. When the 
psychological reeponsiveness was considered in relation to the physiological 
responsiveness, however, it was found that the former was relatively much greater 
in the more anxious group. Under equal conditions of stress the more anxious group 
* as distinguished by ajtendency to form anticipatory sets which were accompanied 

by relatively greater degrees of autonomic disturbance. 
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(IMATZ.ZX0{1' f !van,ic •J'*" ""P“"*- "* stress was that of Williams 
In this study, which involved a group of 18 schizophrenic patients and a 

control group three psychological stress situations designated as non-persona! 
personal, and interpersonal were presented and the galvanic skin response 
continuously recorded. Although significant differences in the galvanfc skin response 

th^rstre!s^intervais ^heTeT^ ^ ^ abn°rmal RrouP both during rest and during 
wJo f i ’ th resP°n8e measured was not adequate for differentiatina 
between stress and non-stress situations or among the various types of stress.8 

, ...McCleary (195¾ studied subjects under both "anxious" and "nonanxious" 
conditions at three ambient temperatures (40°, 70°, and 100°F). He found that 
palmar sweat is sensitive in a systematic way to both thermal and psychological 
influences. He also described a method for using the palmar sweat index whi!^ 
studying infantry troops under simulated combat conditions and concluded that the 
method was practical. Lewinsohn (1956) in the previously c!ted study also 

.mkinSco„'rf,n COníC‘anC'.and a> has b-m indicated, femnd a higher initial 

in .KiCnnctdu^c?r.haa“^doÍn.“::t“yÍn,! b“‘ f<>U"d 

Mundy-Gastie and McKiever studied the galvanic response in order to 

no!mal8!uhiP tP9yCh0iPl7810l°8ÍCal 9Í8nificance- The GSR measures for 109 
bject® in f*1*,110*1 to auditory and visual stimuli were recorded. The 

consiste^VesU^881^ a8 f0lA0W8 ! (a) Stable; GSRs onl>r to Served stimuli, consistent resistance change pattern, no endogenous responses, (b) stable/Labile- 
¿mTnoi^nd08en0U8 re8Pon8es and/or unstable resistance level, (c) Labile; many ’ 
that ftTble! r®8pon8e8* ofte.n accompanied by unstable resistance level. They found 
Id^DtaUon ?lK,tl0n ^ th® 9timuH whereas labiles did not. The 
frequency. Wa8 818mficantly correlated with the EEC alpha 

jlett'. efc*al* (^952) were interested in determining the effect of exoerimentallv 

The^1oàa!rasy I6 the EEG resP°-e phot^ slimuTaflon.1^17 
Stress8 The exoerTmen^an EEG indlcator for Meeting anxiety proneness under 
tress, ine experimental subjects were screened by psychological tests and 

""Z rlted,°n an 8-pOÍnt "nx^ypcÓnen'L! The 
endwi hout the rtrodu«fo„r c,ondlt,°ns,ot ¡■'‘«mittent photic stimulation, both with 
resuTt. “rhl.. w.. Í i ° ,tr.e8s- The aulhors Presented the following results. There was a significant correlation between the criteria of anxietv 

fnte!mft8ten! h1!6 \hc amount of objective dysphoria produced by 
20 m 1 * photlC 8t^mulation; (b) the amount of harmonic EEG response in the 
rL (cnLaTJ,° Btimul,atf'lwith (1-k" frequencies one-half or oT-touith this 
îifwi ' th dl8Placement the centroid driving from the normal ranee- and 
(d) the percentage of abnormal and low alpha records as detected by the electronic 
analyzer and by clinical inspection of the electroencephalogram.«' Y eieCtr0rUC 

simuÄÄ atie8,Vprroe„rer ^ 
However, anxiety proneness was found to correlate 0.48 with a check li st'of 

W uay«ionofa ^cd.HriV'hd fr.°m ba8iC and •'h0“«11'' d— EEG whiÍh mcludcd 

-a8 - 
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and Br0oldhy (1954)mwhot0comÔlr,PHh!íhi.0l°í,,C"1 VaHiblcs to 8lre8B ¡"^lude that of Mahl 

' 0f í'Ín H was 
Thl. suggests that ¿e:.’ f.^co^d 

i^TáHZi:tVT^T.^ 
Äe„rcÄ;t^vli:yndprr-J- 

SUMMARY 

to att«.mn|U,^m,ary* u¿t T°Uld. aPPear “^desirable, at the present state of knowledge 
* Physiological indices as selection devices for performance under 

stress unless operational validation studies are to be conducted--anH th#» lai*. 
rarely done, due to the general unavailability oí cr.ter.on measñre. As wÜh 
Sfe last measures, the correlations with task performance áre low and 
the different indices do not appear to be measuring the sa . eThTng! * 

0 P088ibility» not contradictory to the preceding one is that 
eüscêÂ / '0 8tr'" n<rt a unitary or general trait. Persons highly 
susceptible to one type of stressor may show little susceptibility to another in 

or o,ehV«ernwi.:tte„Th 40 T'?*" ‘"'»vidual-dlfference t^m^sures. phy.'ie/ïgical 
by fear ci shock mav ‘ 8Ctnt 8u^ces8* Changes in eosinophil count caused 
eftw shock may fail to correlate with Taylor Manifest Anxiety not because 
either measure fails to indicate "anxiety" but because individual differences in 

shocK anxiety have little relationship to the degree of anxiety with which a 

:hh: rer.y,dry..ti88iiuHdo8 of ex,ach- 
which'^e^p'rodu'm^rhV.rd’i^e'n'ce::"8 - '»8 »‘-uli 

of bet,t.er understanding is achieved of dimensionality, both of stressors and 
°'08t”8y*naf°n»' “ wo“‘d appear advisable to conduct selection and tra!"ng 
w'°h.tand v^rloú!8? y ta*k.-,Pocvii‘c basi8- The aptitudes and skills needed to 

appear wi.e tò áêek nÕt fór^r.h » 7 ‘ ,8,,r<i88 ma?, be e,,tirely different. It would avv? . . 8e*k not for -igh "stress tolerance," but for the ability to maintain 

encountered oo^'. ñ"" í" *h' face of tho P8«lcular conditions most likely to be 
t P l * ally*, ifter* when the dimensions of stressors and stress- 

"cUsÍes"yandVLne*n “ WÜ1 be P°88Íble to generalize findings oyer 
fW quently effect a great improvement in research efficiency. 
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SECTION IV 

TASK INDUCED STRESS 

definitions and scope 

is an extremely^ evidence for the statement that stress 
contain a common thread, the presence of m°9t U8e8 of the term 
as described by Malmo, I959 P Roth f somRthln8 llk« emotion or "activation" 
tations which, ahhou^’they are ,ro8s in nSlilteS have Penological mamfesr 
It is not of paramount importance to a behaviorll ch8cfrnible to 8°me extent, 
occurs by way of stimulation of the ascending roH .°^ °f 8tr088 if th« activation 
or by means 01 secretions of ACTH from the.fcVvatl.ng system (ARAS) 
It is sufficient to note that therp u ., tenor pituitary (Bovard, 1961) 
to satisfy demands raised bv use of suc^aV^1^1 rnechanisms which seem adéquat« 
future time). ' U8e °f 6Uch d concePt as stress (at least at some 

contain this comp^nent^Vm^Uonllit^0 Mosf mndCr induced 8tress do not 
load and care little about concomitant^m^f maniPulate such factors as speed or 
fear of failure. It seems Zt fTr Z ^ 8UCh Usk asPects a8 
stress is as a state of varying intensité^ u Way to define task induced 

surPa88 huma^ channel capacity! TIiThp^ task demands which approxi- 
the difference between channel caDacitv^i' ri • °f stress is a function of 
is offered, it oecomes apparent that the mfinT demand8‘ When ^ a definition 
of sucn changes in tasK demands, and^he wavsT^wh8 k"® a* determining the effects 
eliminated. * a the waVs in which undesirable effects can be 

can 

ex^mp^e. pre^ • —^res!m^ler T Tr?P* i960^ East¿rb7or*fo7 
recmce the range 01 cues an organism u^s ï ^ emotlün sarves to 
conclusion. Whiie his point is sufficiem * 7 ClteS data tc’ 6uDstantiute this 
th,,. .» coubt as to tneP-o^iüc.„8 no*;™ Itr'ó/íf“0 '° mef“ ««•"«.» 
incentive alone does not seem to be enouon Ik 1 arousai 01 emotion. Mere 
However, the point to be emphasized Xu ÍÍ1 a"d ^app> 1%C; Y 5Ung* ^959) 
utilization is that they may or mav not C!s.e emotional consequences for cue 
the nature of task demands. It would appea \° P^r,io/^nce depending upon 
chances of obtaining a performance der!! - t as task difficulty increases, the 
exception to this rule w^uld be a case wheTe enbanced- The only likely 
organism adopt an effective stra^eev which restricfcion8 helped the 
greatly affecting performance lev-i!^ H >Uld decrease task demands without 

variables were ^nanipiílate^rn^r deV to’d Í s ce r° nf h G 8 ° ar Ch where certain task 
performance. Despite the fact that r, n thcir resultant effects on human 
performed (and thepro^em S'UdieS OÍ this 'W' »ave been 
the present), it 1. „fm diífTcíít aseesÜeIr í'8 been Uid '°r 
a number of sources of confusion. Foremost meani"ß because of the existence of 
(1) It is well known that human oerform! among these are the following: 

a function of (a) characteristics of the phy^ca! anT^6? exp®rimental situation is 
(b) characteristics of the task itself- tr\ Y?1 and soc»al work environment; 
the tasks; and (d) interactions occurring befwee^the^8 °£ individuals Performing -urring between the environment, task, and 
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person. Thus, it can be expected that a ’'.stressful effect" produced by a change in 
task demands will be modified by the particular environmental and human operator 
oharacteristics present at the time an experiment is conducted. Such modifi¬ 
cations which are present in all behavioral studies are likely to produce dis¬ 
crepancies between experiments employing aralogous tasks, and these dis¬ 
crepancies are extremely difficult to interpre1;; e.g., whether they are variations 
caused by subject population differences, or variations caused by pecularities of 
specific environments, etc. Within this chapter such difficulties will be termed 
environmental and human modification effects. 

The second major source of confusion is even more basic in nature. The 
problem of task dimensionality has rarely been attacked systematically and only 
recently have suggestions been made concerning how such a problem might be 
solved eventually (Cotterman, 1959. I960). The upshot of this oversight is that 
it is extremely difficult to compare one task to another or to arrange tasks along 
some meaningful comparison dimension. Thus, nearly everyone agrees that task 
variables are of critical importance in the deviation of quantitative predictions 
but practically no one has outlined a way of taking them into account. 

These two problems provide difficulty which is bothersome but not in¬ 
surmountable. While they are not serious enough to stop conclusions from being 
drawn, they are sufficiently serious to restrict greatly the generality of such 
conclusions. The first one, i. e. environmental and human modification effects, 
can be handled by taking account of population differences in regard to both the 
environment and subjects employed. This may be done on any basis ranging from 
a superficial to an exhaustive level; but, because of the lack of details concerning 
this problem and because of the pressing need for integration of past work, a 
superficial treatment of environmental and human modifiers has been accorded 
here by focusing Attention on studies using normal persons (not neurotics, etc.). 
The second problem being more troublesome is given a more detailed discussion 
below. ''' 

By reviewing the definition proposed earlier, it can be seen that task induced 
stress oears a close relation to a number of topics which can be loosely grouped 
under me heading "intormauon processing in human systems." Thus, task 
induced stress is really a part of this larger question. It differs only in relative 
empnasis, i. e. white information processing studies are concerned with human 
transmission capacity under a wide range of conditions, stress studies focus on 
overload points only. The discussion of information processing given here is not 
meant to be exhaustive and some troublesome factors have been deliberately 
overlooked; the main effort has been expended in providing a generalized overview 
with specific reference being made to the key variables of speed and load. 
However, in order to understand the causes of task induced stress, it is necessary 
to have a reasonable grasp of means by which human data processing is 
accomplished. When this is done, it is possible to identify when overloads can be 
expected to occur; and, even more important, there is an increased possibility to 
discern a way whereby training of subjects might help solve the dilemma met by 
the need to increase task complexity and yet maintain performance. 

TASK DIMENSIONALITY 

While numerous authors have pointed out the urgent need in psychology for the 
development of a task classification scheme (c.f, Duncan, 1959), few systematic 
attempts have been made to satisfy this requirement. Probably the best known 
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approach is concerned with developinf» a single dimension of "task difficulty" along 
which all tasks can be ordered. Twr lifferent classes of methods have been 
employed in this approach: (1) those iich focus upon aspects of the subject®s 
response, and (2) those which focus upon aspects of the stimulus situation. Both 
of these methods agree on a basic point. If one task is more difficult than another, 
it should have manifestations which can be observed in a subjects beha/ior, e.g, 
a decrease in the probability of an appropriate response, an increase in response 
latency. The first approach is more directly empirical. Tasks are given to a 
population of individuals and differences in response probabilities and times are 
noted. For example, it might be found that for a representative population of 
college sophomores, RT (A) (reaction time for task A) > RT^(B) > RT (C) > ... > 
RT (N). The second approach utilizes objectively quantifiable S (stimulus) variables 
which produce varied levels of response probabilities and reaction times. Then, 
since RT (A) ..., RT (N) = f(Si) and all tasks can be measured on S:, all tasks can 
be described in terms of a position on (Si refers to stimulus dimension "i.") 

Spence is probably the outstanding proponent of the first approach. He viev/s 
task difficuUy as being determined by the relative strengths of competing responses 
(R s) elicited by a stimulus, difficult tasks having strong competing responses and 
simple ones having weak ones. The second approach is more "stimulus bound" and 
not as individual bound;" it concentrates on task measures (S measures) which are 
best described in information theory terms, e.g. load, input rate, redundancy, etc. 
Such measures have been used by a number of investigators (c.f. Brush. 1956: 
Noble, 1955; Riley, 1952; French, 1954). 

( R 18 that the latter approach h¿is decided advantages over the former. 
The 'subject" method requires gathering response data to predict other response 
data. It also requires the development of a scale, which is a time-consuming 
operation (c.f, Furneaux, 1961). In order for the data to be accurate, they must 
be gathered on a group of subjects similar to the population used in a later study. 
Use of the same subjects to be tested to derive a scale results in being placed in 
the embarrassing position of being able to pi*edict data only by using portions of 
the very data to be predicted. The disadvantages of such an approach have been 
discussed numerous times (c.f. Estes, 1959; Anderson and Grant, 1957). It is 
difficult to see how such an approach can lead to anything beyond Rj—*R2 type laws. 
These are useful in certain areas where only prediction of behavior is needed but in 
order to v.ontrol and manipulate behavior directly (as opposed to indirect means, 
as through personnel selection^, S R relationships must be established. 

The second technique has the promise of being amenable to an intervening 
variable approach. A set of S variables can be related to a set of I variables (of 
the perceptual and cognitive variety) which in turn are related to R variables. This 
method seems very appropriate since there are many S variables to be usedi and, 
as Miller, N. E., (1959) has pointed out, the power of the intervening variable 
approach increases as the number of S variables increases. 

While the stimulus method seems more promising than the subject method, 
it is necessary to point out that it does not eliminate all problems. In fact, it is 
more a matter of potential promise than present gain. First of all, a great deal 
of knowledge concerning interactions of S variables is required even after they 
have been reliably quantified. Secondly, it is still necessary to consider the 
effects of subject moderator (e.g. past history) variables in order to obtain precise 
predictions. Considering those practical deficiencies, it can readily be seen why 
experimenters tend to use a shorter range view when their concern with task 
difficulty is only ancillary to consideration of other factors, e.g. drive. 
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The first step necessary to use the stimulus approach is to specify a set of 
quantifiable S variables in reasonably rigorous terms. Table I contains a partial 
listing of such S variables along with some I variables; the list obviously is large. 

A number of the variables in Table I are amenable to a cybernetic approach 
(c.f. Ashby, 1959). Here, operator transforms (I variables! e. g. compression of 
information, are specified by which aspects of the stimulus (S variables), e.g. loa 
and rate, are changed to aspects of a response, e.g. P of selecting Ri instead of R2. 
Cotterman (1959, I960) has proposed a similar approach (which can be interpreted in 
cybernetic terms) and has specified the way in which it could be implemented. 

TABLE I 

A PARTIAL LIST OF TASK VARIABLES 

Variables Describing Tasks Potential Measures 

A. Stimulus Variables 

1,. Amount of information per stimulus 

a. Average 

b. Variability 

2. Stimulus dimensionality 

3. Sequential dependency of stimuli 

4. Rate of presentation of stimuli 

a. Average 

o. Variability 

c. Acceleration 

5. Stimulus persistence 

1. Binary bits 

a. Mean 

b. Variance 

2. Mean number of bits per 
stimulus dimension = 

Total No. of bits per symbol 

L°g2 No. of stimulus dimensions 

3. Autocorrelation; alternately. 
Ratio of contingent to prior 

P(Sn/S i ) probability, n Rsi - 

P(Sn) 

4. Bits per second; alternately, 
Stimuli per second 

a. Mean of above measure 

b. Variance of above measure 

c. Second derivative of above 
measure 

5. Time before fade or removal of 
stimulus 

6. Stimulus overlap "O": Occurs when 6. 
the same stimulus element is a member 
of the sets required for the identification 
of two or more mutually independent 

N Nc. 
O = £ 1 where N_ = No. of 

1=1 Ntl Ci 

stimulus elements composing 
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TABLE I (ContM.) 

Variables Describing Tasks 

stimulus patterns in a series. 
(Mutually independent stimulus 
patterns are defined as those 
requiring separate responses). 

7. Stimulus redundancy (C) 

8. Stimulus certainty 

Potential Measures 

stimulus i which are shared with 
one or meye other, independent, 
stimuli, Nt, = total number of 

stimulus elements composing 
stimulus i. 

I°g2r 

r , V 1 
where H = D p(i)l°g2 p^\ 

i = 1 * ' 
"i" representing any possible 
state of the stimulus and "r" 
being the number of such 
possible states 

8. An index, "D", dependent on 
the signal and noise distributions1 

‘Consider a set of M possible stimulus inputs Ij, 1^, ... 1^, ... 1«^, occurring 
with probabilities P(li), P(I2), ... P(Ii), ... PUm)’ eacb of whicil rePresents 
the sum of a discretely variable noise component and a member of the set of 
N signals, S = (sj, s2, ... s. ... sN) which occur with known probabilities 
P(8i)i Pi8?)» ••• p(8i) ••• PVn)* Consider also üie set of contingent probabilities 
Q(li), Q(Ia), 0(¾) ... Q(Im)t defined as 

Q(I.) = Pis./I.) 

where Pisyi.) is the probability of s. given that I. has occurred, and si is defined 
as that member of S for which the value P(s;/l.) is a maximum. It is now possible 
to define ^stimulus certainty" as J 

D l P(Ii) 0(¾). 

with "D,, representing a weighted average, over a series of inputs, of the like¬ 
lihoods that the various perceived signals have indeed occurred. 
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TABLE 

Variablea Describing Taska 

B. Intervening (processing) Variabl 

It Amt« of information compression 

2. Rate of information compression 

3. S R compatibility or 
transformation load 

4. Task repetitiveness 

5t Short-term storage requirements 

a. Temporal 
«.’V 

b. Symbolic \ 

kjh 

c. Informational 

I (Cont’d, ) 

Potential Measures 

11 No, of bits in S minus 
No, of bits in R 

2, Value obtained in above/time 
interval between successive 
stimuli 

3, No, of commou cue references 
on a scale of 0 to 6l 

4, No, of similar cycles required 
per unit time 

5, Measures concerning an interval 
between receipt of first stimulus 

symbol and N4*1 symbol, where 
a sequence of N symbols is 
necessary and sufficient to 
determine the response 

a. Temporal duration of this 
interval 

b. Number of symbols requiring 
storage presented during the * 
interval 

c. Number of binary bits requiring 
storage presented during this 
interval. (Various statistics 
in addition to means and 
variances should be computed 
describing the frequency 
distributions of these three 
measures. There may be a 
critical cut-off region where 
storage demands are exceeded. 

^o. 3 scale includes communality with respect to* size, brightness, color, space, 
position reference, and form. 
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For example, Cotterman (1959) has proposed the following definitions: 

varia^rTnnnnlCTr y-djUBtî?.e “ Concurrently with continual quantitative 
through S i° specified input qualities, continual quantitative variation 

ough infinite degrees in one or a set of specified output qualities occurs such 
as to continually minimize the input vari ition. occurs, such 

. —.„"TuH response) - For each succeeding occurrence of 

îcîûrs such , 8re A U"'* inpUt'/ dU¿rete OUtput drawn ‘'o™ infinite set 
from !» w r?Ul ln a 8®c.ondary inPut event which deviates minimally 
ixom a specified limit expressed in terms of an input quality. X 

inout^:^ imUltli>le c/lterion response) - For any one of a set of discrete 
inputs orderable according to a specified quality, one or several discrete outouts 

sích as tones'1 h / ® 8et °.ccur(8)* the order °f occurrence remaining invariant 
such as to residí in a secondary input event which de bates minimally from a 
specified limit expressed in terms of an input quality. 

set oídUrrÍ/^matfÍOn "F°r°aCh 8ucceeding discrete input drawn from a finite 
set of discrete inputs orderable according to multiple qualities: such that a eiven 

solcmeÎT^8- OC.CUrf When any inPut» member of that subset of inputs, bearfng a 
quaUty ocíuis t0 ^ °ther inpUt8 a3 °rdered ^cording to a specified 

ücitióíTbL^H8 8ub8®Jue"tly developed this approach into a formal task classi- 
fication bàsed upon the characteristics of component stimuli, required resoonaes 

fonrm11nVíh7ba\TseõAnhT.1VÍd re!ationshiP3- A listing of die variables * 
rming the basis of this classification is provided in Table 2 (from Cotterman, 1^60). 

TABLE 2 

TASK CHARACTERISTICS AND THEIR CODES 

STIMULUS 

1* Number 

(a) one (l) 

(b) more than one (X) 

2, Stimulus 

(a) undifferentiated (no special coding) 

(b) continuous (c) 

3. Size of stimulus set 

(a) one (1) 

(b) finite set greater than one (X) 

(c) infinite denumerable set (X) 



TABLE ¿ (Corn'd.) 

RESPONSE 

' 1. Number 
« 

(a) one (1) 

(b) more than one (X) 

2. Response 

(a) undifferentiated (no special coding) 

(b) ordered (o) 

3. Size of response set 

(a) one (1) 

. (b) finite set greater than one (X) 

(c) infinite denumerable set (X) 

INVARIANCE 

1. (a) Nominal (N) 

(b) Ordinal (O) 

2. (a) Exact (no special coding) 

^ (b) Limited ("s" under N or O) 

3. (a) Individual (no special coding) 

(b) Collective ("*" following N or O) 

4. (a) Stimulus (no special coding) 

(b) Cue ("c" following N or O) 

5. (a) Open (no special coding) 

(b) Closed or feedback ("F” following N or O) 

The approach offered in Table I obviously is related to that proposed by 
Cotterman but it is worthwhile to spend time pointing out the nature of the relation¬ 
ship. Table I contains measures of (l) the stimulus situation and (2) measures of 
human generation activities (transform). Table II contains a description of a few 
familiar psychological tasks in terms of operator transforms; these in turn are 
related to the generator measures in Table I. Perhaps it is possible to reduce 
the endless ennumeration of specific tasks to a few basic transforms. A recent 
report by Hostetter and Grant (1961) took this approach to aero-surveillance tasks, 
apparently with some success. 
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However, this chapter is jiotjyi appropri.ite place to consider a question of this 
magnitude in great detail« We do not know the basic human transforms m although it 
is not an insurmountable taskto synthesi/.c these from Cotterman’s work. Even if 
this were done,, it would still be necessary to relate specific transforms and their 
xctions when combined. Therefore, it was decided to use classes of transforms 
concerned with the same general function, e.g., delecting input data, translating 
input data to response data, etc., as one of the discussion bases. The second 
discussion basis develops from the information measures describing the stimulus 
situation. The approach employed was one of identifying the most important S 
variables influencing performance in situations involving operator transforms of 
a class "X" and to specify (where possible) the nature of the influence. When this 
approach is followed, a few interesting generalizations begin to appear in the 
wealth of past data. 

CHANNEL CAPACITY 

1. The Concept* Human beings have been viewed as communication channels in a 
number of studies. In fact, a great many psychological experiments fall into this 
category because the interest of the researcher is focused upon the transform, T, 
that an operator, O (or Subject), makes upon an input, I (or Stimulus), in order to 
produce an output (or Response). Both traditional and information theory type 
studies can, therefore, be expressed in terms of a reasonably adequate common 

4-language of stimulus variables, organism variables, and response variables. If 
’ such an approach is adopted, information measures can be integrated into such a 
scheme to raise the level of quantitative description. In the preceding subsection 
entitled Task Classification this is the approach which was followed. Remaining 
portions of this chapter will continue along this line of analysis. 

Information can be considered as that which removes or reduces uncertainty 
(c. i, Attneave, 1959)» Consider an input situation which has a series of possible 
states. Si, Sj, ..., S • Requirements can be placed upon an operator so that he 
must choose one of a possible set of outputs Ri, R^, ..., Rn on the basis of these 
inputs. Discrimination learning tasks are an excellent example of such a situation. 
If a subject (operator) knows nothing about the situation (maximal uncertainty exists), 
he might select any of these Rs. However, in most cases, some of these Rs are 
more appropriate than others; and over time, he will learn to choose the more 
appropriate ones on the basis of the stimulus cues. This behavioral shift from 
random choices of Rs toa systematic choice represents a gain in information, 

A simple measure of information load can be expressed as log2 N where N 
represents a number of equally possible alternative states of either stimuli or 
responses. By utilizing this and other measures, it is possible to derive some 
estimates oi maximal transmission capacity. Obviously, numerous task variables 
will influence how much information can be transmitted in those cases. Therefore, 
selection of tasks is normally done in such a way that there is a maximal potential 
for information transmission. Quastler (1995) has listed a number of necessary 
conditions for such situations: (1) the stimuli must be easily perceived; (2) the 
response is easily executed; (3) the subject should be competent and thoroughly 
famil iar with his task; (4) the subject must understand what he is to do and be 
properly motivated; (5) the subject must be allowed to organize activities in the 
best fashion; and (6) the task must La chosen such that a large fraction of the 
subjects effort goes into measurable information transmission. Unfortunately, 
studies concerned with maximal channe' -- .y have not always paid heed to 
these restrictions. 
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required the higher the probability of making an inadvertent error. For this reason, 
it is reasonable to expect a close relationship to exist between operator demands and 
task difficulty. 

There also appears to be some reason to expect that the various processing 
steps of tile organism, e.g. detection, filtering, coding, transmitting, etc. (c.f. 
McKendry, 1961), combine to form a dynamic whole. That is, by expending effort 
at one of these points, restrictions are placed elsewhere in the system. By 
examining the factors which make the jobs of transduction, coding, and signal 
detection easier, it will be shown that they also serve to increase channel capacity; 
therefore, this idea seems reasonable. Further credibility can be added by 
examining strategies adopted by subjects in repetitive tasks. 

3. Channel Capacity in Non-Discrete Tasks: In the previous subsection 
discussion centered about tasks where a discrete activity took place. These can be 
grouped together to form repetitive discrete tasks. Also, portions of a task can be 
spread in time to form sequential activities. Finally continuous activities can be 
performed. An example of the first type of task is a semi-skilled job on an 
assembly line; an example of the second is playing a musical instrument; an 
example of the third is a tracking situation. When purely discrete tasks are fused 
into repetitive operations, channel capacity is described in terms of bits/sec 
rather than bits. Obviously this figure wilt be influenced not only be how much 
information is processed in a single operation but also by how long it takes to 
perform a given operation. Closely related to this type of task are those requiring 
sequential activities. Historically much interest has been centered on the question 
of channel capacity, and, as a consequence, studies have been concerned with 
sequential activities having a high degree of repetitiveness. However, it should be 
remembered that this need not be the case. 

Quastler (1955) attacked the question of maximal possible transmission for 
this type of task. He obtained estimates of transmission rates as follows: (1) for 
oral reading of coherent English texts - ¿4 bits/sec; (2) for information yield of 
mental arithmetic done by lightning calculators - 24 bits/sec; and (3) for playing 
tennis - 20 bits/sec. He cited data from Licklider which showed rates of (4) 15 
bits/sec for matrix duplicating activities, and (5) 25 bits/sec for reading random 
sequences of words aloud. By an ingenious combination of these latter two 
activities, i.e. (4) and (5) above, Licklider managed to obtain transmission rates 
of 35 bils/sec. After examining all these data Quastler (1955) concluded that 

. . about 35 bits/sec is all that a man can do in the way of conscious and 
purposeful information transmission - and maybe even conscious information¬ 
processing in general" (p. 346-7). 

Quastler carefully pointed out that his 35 bits/sec limit docs not consider 
all man's environmental interactions, e.g. information processing aspects of 
temperature adjustments and other physiological changes. However, such 
subtleties need not be of concern here since his estimate is considerably higher 
than estimates obtained in tracking tasks described before. Furthermore, most 
practical work tasks will not approach this estimated maximum if only for the 
reason it is not needed. Finally, it must be remembered that a bit is a relative 
measure. It tells nothing about the size or comprehensiveness of the stimulus or 
response categories employed. Thus, the number cf bits/sec may be small but the 
activity requirement (and the significance of it) might be great. 



For continuous activities transmission rates are lower. Herman (1961) 
examined data from Crossman (1960) and Fitts (1954) and provided the values of 
3.8 bits per sample point in a pursuit-tracking task (or 4 bits/scc. in the same 
•task and 10 bits/scc. for hand movements when decisions are not involved). 
Obviously, requiring decisions reduces transmission capacity, a finding which is 
a logical consequence of increased task complexity and is consistent with the 

"notion explained at the end of the preceding subsection. A second finding of major 
importance is that transmission capacity, when expressed in terms of number 
of bits per sample point, falls markedly as speed of presentation is increased. 
However, this reduction in output caused by speed effects can be eliminated 
entirely if the task is one which allows perceptual anticipation to take place 
(Crossman, I960). As a consequence, channel capacity can be increased to better 
than 7 bits/sec. 

PERCEPTUAL ANTICIPATION 

Perceptual anticipation refers to the use of previously acquired experience to 
determine an expectancy of what will occur next. Thus it may be conceived as a 
conditional probability of the occurrence of B at a time t +At given the arrival of 
A ät a time t. Poulton (1950, 1952a, 1952b, 1957) has made an important distinction 

/ between perceptual and response (receptor) anticipation. "Receptor anticipation 
implies only that the subject is shown future stimuli before he has to respond to them, 
i. e* he is allowed to preview the display" (Mackworth and Mackworth, 1959# p» 208). 

' As a consequence, the implications of perceptual anticipation are much greater and 
merit further discussion, 

. Perceptual ari !.< lpat':on has been hypothesised by a number of writers including 
Craik (1947) and 1 Ison ^1949). Empirical demonstrations of its importance have 
been provided by Ge'ih-.¿nker (1952) and Crossman (i960), Welford (i960) has 
discussed an interesting theoretical position showing how perceptual anticipation may 
be used to filter complex stimuli and thereby reduce task difficulty. He has shown 
that it is possible for subjects to raise their level of transmission by focusing 
attention upon the most likely response alternatives and interrogating new stimuli 
only in a rough sense to see that the most probable response, which is being held 
in readiness, need or need not be given. If it is not, the thqpry proposed states that 
a second interrogation takes place, e.g. by selecting the second most probable 
response or by interrogating the stimulus more completely. Thus perceptual 
anticipation can provide a strategy which allows an operator to reduce the stimulus 
load without impairing performance.1 

Leonard (1955) described a study which adds further credibility to Welford’s fiosition. He ran subjects under conditions of (1) a straight six choice situation, 
2) a three choice situation, and (3) another situation where they first received a 

• two choice and then a three choice situation: i. e., progressive narrowing of 
possibilities on sequential interrogation Í stimuli occurred. Leonard reasoned 
that "it should be possible to present the two-choice stage just far enough ahead of 
one of the two three choice stages so that the reaction time to a signal presented in 
the second stage should be comparable to a straightforward three choice time..." 

llt is known that such anticipations do occur, whether or not the process is that 
described above is a matter of conjecture. 
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lie found that n.,. with a separation of about • 30 ser, performance with respect to 
the second stage became comparable to that obtained in the three choice control 
condition, both in terms of reaction time and ,,, rate of gain" (Leonard, 1955, 
p, 310), He also found that near comparable amounts of information could be 
transmitted under conditions 1 and 3 (7.68 and 7,50 bits/sec respectively) when 
appropriate adjustments were made for RT and task difficulty differences. 

In addition to providing increased channel capacity when load requirements and 
speeds are increased, there are data which indicate that perceptual anticipation 
may be particularly beneficial in cases where vague stimuli are presented, 
Goldiamond and Hawkins (1958) performed a study in whichgroup of subjects first 
were taught to recognize an ambiguous stimulus through knowledge of results. 
After this first test phase the researchers duped their subjects into believing that 
new stimuli were being flashed when in fact they were not. The group still 
responded in the same way as they did when actual deteriorated stimuli were 
provided, i, e. they acted on the basis of anticipation. 

Thus, it can be seen that human beings can raise their channel capacities by 
using information concerning sequential dependencies of stimuli, e. g, P(S2/Si), 
P(S3/SZ), etc. Their tendency to try to do this is unmistakable even in situations 
where such activity is maladaptive. One striking example is provided by decision¬ 
making studies involving monetary payoffs (c.f. Siegel and Goldstein, 1958), If 
subjects are asked to predict which of two lights will occur (and if the sequence is 
actually random around a fixed parameter, say P(Ei) = , 80 and P(E2) = ,20), they 
will continue to attempt to outguess the sequence even though it costs them money. 
They rarely adopt a "rational" strategy of playing the more frequent event all the 
time despite the fact that this is a more efficient strategy in this particular 
situation. And, as might be expected, college sophomores are more likely to 
look for sequences than are young children (MeMichael and Siegel, I960). It 
appears that intelligent subjects have considerable difficulty in accepting a random 
sequence (Hake, in Quastler, 1955) and they continue to search for sequential 
dependencies of a highly complex nature when their first hypotheses fail (McKendry, 
1961). That this is not merely an artifact of the experimental situation is 
suggested by the well-known phenomena of the gambling table (attempts to find 
mathematical dependencies in sequences of roulette rolls, etc,) 

It is the occurrence of such phenomena as perceptual anticipation that makes 
it difficult to assess the stressful effects of such task changes as those involving 
cimensions of speed and load. In addition, it appears that the operator "can and 
does trade off speed for accuracy, and vice versa.,," (Howell and Briggs, 1959, 
p. ¿5), The situation is complicated further if one accepts the argument outlined 
at the close of the preceding subsection. This may involve a process where one 
processing activity is restricted in time to allow more time for other activities. 
This can occur because of task demands or as a consequence of a subject's strategy, 

. The way in which this might occur is complex and it is necessary to take account of 
variations in immediate memory span. (A detailed discussion of this factor may be 
found in Broadbent, 1958,) Other factors also influonce transmission rates ; these 
will be discussed after a preliminary examination is made of speed and load effects. 

STAGES OF INFORMATION PROCESSING 

In a paper which has already been cited on several occasions in this chapter, 
Welford (i960) offered a "tentative block diagram of the chain of mechanisms 
involved in sensory-motor performance" (p. 192). This is reproduced below in 
Figure 1, Welford*s description of the mechanism was as follows: 
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"Stimuli from the display impingo upon the sense organs which 
convert them into patterns of nerve impulses. These are 
relayed to a perceptual mechanism in which integration and 
identification take place. At the other end of the chain the 
effector organst such as the hands or feet, are activated by 
impulses from central mechanisms which determine the 
coordination and phasing of muscular action. Connecting 
the two ends is what may be tentatively be called a translation 
mechanism concerned with the choice of action in relation to 
what is perceived. This receives data previously coordinated 
at the perceptual stage and passes orders to the central 
effector stage which then carries out chains of coordinated 
action." (Welford, i960, p. 192) 

Sense Orgons Effector Organs 

Fig. 1 - Welford*» Tentative Block Diagram of the Chain of Mechanisms 
Involved, in Sensory-Motor Performance 

In presenting his diagram Welford pointed out that the way in which signals 
are passed from one stage to the next is not yet known, but it appears that feed¬ 
back from the effectors "controls the passage of data from the perceptual to the 

. translation stages." Other discussions of feedback loops and a further break¬ 
down of decision activation occurring within the translation mechanisnr along 
with possible neurophysiological explanations are discussed elsewhere (McKendry, 
1961) and are too complicated (and speculative) to merit summary here. 

Welford*s diagram can be compared to an earlier one provided by Broadbent 
(1958) in order to discern more aspects of the important perceptual mechanism. 
However, Welford,s presentation includes something not covered by Broadbent, 
i. e. a decision loop concerned with response selection which can fall into Welford*8 
translation mechanism. The fact that physiological mechanisms performing these 
activities have not been identified need not concern us here. Speculative 
neurophysiological papers have shown that properties such as these are not beyond 
the capacity of our nervous tissue (c.f. Von Neuman, 1956; Beurle, 1956) and 
therefore are at least reasonably consistent with our present physiological knowledge. 
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AIbo it is apparent that work can continue without waiting for this conceptual reduction. 
Fof example, Hebb (1949) pointed out a number of years ago that the notion of a 
stimulus trace came from behavioral data. Only recently have physiological studies 
begun to show possible mechanisms for such activities. Thus, Welford^ concepts 
exist for the present at the interveining variable although tentative means have been 
devised to shift them to hypothetical contructs. 

It is the capacity of this type of human information processing channel which 
has been discussed in the preceding subsection. In considering factors influencing 
such activities it is convenient to group the variables found to be important under 
the headings of (1) task factors influencing perception, (2) task factors influencing 
translation, and (3) task factors influencing effectors. This grouping obviously 
follows the lines of thought suggested by Wolford's diagram. All of the variables 
discussed have already been enumerated in Table I; but, because of a lack of data, 
not all of the variables listed in the Table can be included in the discussion. 

The discussion will also consider man's responses in terms of RT (reaction 
time) and response appropriateness (p of a "correct" response). In most instances 
the latter measure is proportional to a measure of transmitted information but this 
need not be the case. If a subject adopts a solution which is exactly opposite to the 
"correct" one, he will transmit a great deal of information but have no correct 
responses. Even in these cases, however, the measures retain a loose pro¬ 
portionality and they are therefore considered together, with more explicit 
comments being added when needed. 

Two factors, speed and load, have consequences which seem to be important 
at all stages of information processing. For that reason they will be discussed 
first. 

- LOAD EFFECTS 

Load is a term having numerous meanings. First of all, it can refer to 
stimulus load which is the total amount of information present in the stimulus. 
This can be determined by a knowledge of (1) the amount of information per 
stimulus dimension, and (2) the number of stimulus dimensions used. The 
stimuli themselves may be configurations containing many bits or only a few bits. 
Either use of the term can be called stimulus load. 

A second type of load refers to responses demanded of an operator. For 
example, he may have a number of response alternatives or only two, e, g. "go- 
no go" decisions. Each of these in turn can contain a single bit of information, 
e. g. press button no. 1, or many bits, e. g. initiate defensive strategies for type 
X conditions. Eitaer of these types will be referred to as response load. 

The third type can be called translation load. It refers to how much 
manipulation of the input data is required to produce an output. Unfortunately, 
this is even more vague than the previously discussed terms, and comparatively 
little experimental investigation has been done with this type of activity. Table I 
suggested some potential ways of examining this load, e.g. measuring the amount 
of and rate of information compression demanded of a subject, or analyzing the 
extent of the transforna tion required by an S R compatibility inde .. 
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Having differentiated between these types of load it is now possible to turn to 
an evaluation of their consequent effects on performance. It should be noted that 
all of these can be manipulated by changing aspects of the task. The experimental 

■literature cited took just that approach. 

Miller (1956), in his review, pointed out that the number of distinct stimuli 
"is a more important influence on channel capacity than is the number of bits/ 
stimulus at least where immediate memory is concerned. Other reviewers have 
come to the same conclusion. This statement should not be interpreted to mean 
that the number of bits/stimulus is unimportant. It is very important in determining 
the potential bits for chunk limit. Also, if this compression of "bits" into "chunks" 
of information has to be done by the subject, it raises the translation load; and, as 
can be expected, it causes a response decrement by at least increasing RT and by 
possibly decreasing the probability of a correct response. 

The degree of stimulus loading on a subject is influenced by many task 
variables. One class of variables determine how readily the subject can reduce 
the load by filtering. These are discussed in the subsection entitled task factors 
influencing perception. In addition to this (1) filtering potential is a (2) simplifying 
strategy potential which is determined by allowing such things as perceptual 
anticipation to take place. To make matters worse, these two potentials seem to 
be related since specific task variables contribute to both. 

The effects of response load seem to be similar to that of stimulus load. 
However, in many practical cases there is not sufficient time to work out strategies 
and the subject is restricted to a choice of already well defined response 
alternatives. When such a situation exists, its implications for response speed 

. are clear. It has been found that as the number N of response alternatives 
increases, RT increases as a function which with time, approaches linearity with N. 
Welford has provided several discussions of the implications of this finding (c. f. 
Welford, 1951; I960) and because of their importance, they are discussed in more 
detail in the subsection entitled OPERATOR PACING. The consequence of interest 
here is what Welford has termed Hick*s Law (Hick, 1952) where the disjunctive RT 
can be expressed as a linear function of the average amount of (response choice) 
information transmitted. Specifically, the (modified) expression was RT = Klog2 
(N + 1) where N is the number of response alternatives available to the subject and 
K is a constant dependent upon the nature (difficulty) of the task, e. g. the amount of 
translation required, etc. As difficulty increases, K increases. However, J. G. 
Miller (in press) has pointed out that Hick*s law does not hold when subjects become 
very familiar with the task. When they perform the same task over a number of 
weeks all RTs become similar despite having varied numbers of response alternatives, 
Midler explained this finding by postulating that subjects adopt simplifying strategies, 
a view consistent with the position taken in this chapter. 

The relationship between number of response alternatives and the probability 
of a correct response is not as well known as the relation between RT and number 
of response alternatives. It seems likely that the probability of an incorrect R 
increases as Nj^ (number of responses) increases. This relationship can be 
expected to be nonlinear and probably accelerates rapidly in the vicinity of six 
Rs. This is exactly what happens when varied numbers of test equipment settings 
are required by technicians and varied numbers of controls are present on a test 
panel (Bilinskl, 1957). Figures 2 and 3 show these functions. The degree of 
effector action refinement also seems to be related to response appropriatenms. 
As more control space is allowed for Rs, grosser movement can be made and the 
probability of an error decreases. Figure 4 shows BilinskPs data on this point. 
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Fig.2-Errors vs the Number of Settings Required for Test 

Equipment os Recorded for 102 Technicions. 

(Doto from Bilinski, 1957) 

OR MORE CONTROLS 

Fig. 3- Relationship Between Errors and the Number of Knobs on 
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The reader has been forewarned that few data are available regarding 
translation load effects. Most of the findings are concerned with specific task 
variable effects and are discussed in the subsection entitled TASK FACTORS 
INFLUENCING TRANSLATION (see p. 59). However, it is reasonable to extrapolate 
from the many human engineering studies performed on control-display compatibility 

.to say that the greater the compatibility the better the performance, and, therefore, 
the higher the tolerance for load stress. 

It is difficult to assess the nature of load stress in general because of the 
numerous Interactions examined above. Obviously, man does have load limits but 
what happens when these limits are reached is a moot question. Because of 
possibilities for filtering and load reduction strategies to take place, it appears 
that man has considerable flexibility in such situations. These can probably be 
improved considerably by training. However, even without special training, it 
seems that some of these compensation effects can take place and can prevent total 
performance deterioration when capacity limits are exceeded. However, if there is 
no opportunity (or inclination) for them to occur, a rapid performance decline of 
the type found by Büinski (1957) can be expected. If this latter situation occurs, 
the effects of surpassing load limitations (load stress) will be disastrous. 

SPEED EFFECTS 

While there appears to be little enough doubt that load is important - and 
. when increased markedly can cause stress - evidence for speed effects is even 

more conclusive. In fact, it would appear that speed of presentation is an 
extremely sensitive variable. Increases in the rate of input presentation always 

• induce marked performance decrements eventually and usually this decrease 
appears quickly (c.f. Jeantheau, 1959; Alluisi, Muller, and Fitts, 1955). Not only 
is the arrival rate important, but variation in arrival rate of signals seems to be 
important. 

Hostetter (1961) has provided a short summary of speed effects. He states 
that "If transmission rate is plotted on the same scale as the input information, 
then a curve results which begins as a straight line rising at slightly less than a 
45° angle, turns smoothly into a plateau, and declines again, the slope of the 
declination being dictated by individual differences in reaction to the stress 
involved" (p. 11-4). Figure 5 illustrates the general form of the function. An 
exhaustive documentation of the generality of this curve has been provided by 
J. G. Miller (in press). 

. Figure 5 shows a general set of functions, of course; few research findings 
show exactly this but the picture is an adequate representation of general results. 
The difference between total human output (---in the Figure) and transmitted human 

‘output (-.- in the Figure) is the difference between making any response and making 
, the correct response. Channel capacity (O in the Figure) is inferred from the 
maximum value of the transmission curve (-. -). Errors of omission are shown, 
errors of commission lie between the two shaded areas and include the lower shaded 
area (stress loss). At the present time no differentiation is made within the stress 
area of losses attributable to different effects. This is done in the next chapter. 
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why this hannf>nn ^ 85eu d 8tre8s has been “hown a question arises as to 
thii iubsecfion con-W-îï *nd bow speed becomes so important. The remainder of 

. finriino nf a f 8*der8 8Uch problems. One of the primary response for this 
,hd*"Bf^ çeríormance lo.ms to be that the imposed input pace deviates from 

. ope rato^pac ing* need to* be*r, We wed.1 0t imp0ttan‘ 1,peC‘S 

betweei fqulvaîe,nt traini,n« and experience, found a relationship 
? yf nag ard1key strokc rhythm» and concluded that the more rapid 

relationi¡Mln íüí*0 to fac® their own responses rhythmically. (This P 
relationship between rhythm and work output did not hold for erratic workers 
who, though not rhythmical, occasionally typed very rapidly. ) In another study of 
typing Auge ns tine (1958) found definite evidence for pacing - or periodicity as it is 
ometimes called when a more microscopic approach is employed. Finally, 

Timend McCord e;Pecially tho8e utilizing a movement analyzed (c.f. 
Tiffin and McCormick, 1958), have shown rhythmical aspects of workers* resnonsea 
criterion ofelOPiirent o£ihythmi®al response patterns has even been used as a P 
criterion of worker proficiency in training (Lindahl, 1945). 

as fluíu^ioñrin8^?18 t0 be *^ide"ce for Paci"g end since related phenomena such 
and Schln-h^B 1 Pf/1 °£ attention are well known in psychology (c. f. Woodworth 
and Schiosberg, 1954), it seems reasonable to expect that self-paced tasks would 

ïub.Wnüit^uYX' ‘° ln 'X"rnally paC<ld ta’k’- Mo*‘ th« 

infnr«!HmV ^ £ound that »«If-pacing resulted in as high a rate of 
information tränsmission a® the maximum reached in an externally-paced task. 
Fitts and M'üler (1955) found that fewer errors occurred when self-pacing was 

pr°C®88ing was maximized under this condition. 
SÄ* (1953), requiring subjects to touch a contact corresponding to one of five 

g“ch wa8 lit* £°jnd that»elf-paced subjects showed no decrement in output 
umil nearly an hour had elapsed, while there was a decrease in the number of 
cotrect responses after 10 minutes work with subjects in an externally-paced 

""f i*1"8 P'®*®nt®d ? a rate o£ per second). It should be noted 
nui«w n/°»minutie8 work» ®ven. »elf-paced subjects showed an increase in the 
number of pauses in responding (those lasting 2 seconds or more), but that they 

t0 ®omP®naat® for th*8 and retain their level of work output by 
working faster between the pauses; externally-paced subjects could not. 

Even when the rate of stimulus presentation in an externally-paced situation is 

StterVnd^Míwí18“7 t0 ^ in a sel£-paced »itWonf performance is 
better under the latter condition, as has been shown by Conrad (1956). Though the 
rate of presentation of stimuli per unit time remained exactly the same for each 
subject, in the 8e££a*Pac»d »ituation the intervals (pauses) between signals tended to 
be more normally distributed than in the externallypaced one, where the subjects* 
pauses between signals were essentially random. It would sqem, from an exami- 
¡ÍÜk*' data» that self-pacing may be a necessary condition for smooth 
rhythmical activity in tasks having high input rates. 

, ,. Tkr®t» additional »tudies serve to point out the comparative inflexibility of an 
individual s work pace - at least after a certain point has been reached. (This 
appears to contrast with apparent flexibility under conditions of load stress. ) In 
a study conducted by Conrad and Hille (1957), the number of signal sources (load) 
was varied from 8 to 16. The subjects were allowed to determine their own work 
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—i«-* a-..—wtjuLs.rar- 

fWdtvf!dbujk*a8 t0 th* ^orrectne8s of responses was provided. In spite of the 
correr»4 ^ 8^bJectB w«r® informed by feedback that there was a decrease in the 

-ínílf- °£ pejf°rm,anC8 with an increase in the number of signal sources at a 
wïïih w, Pi%Ce*4 an?.the fact that »ubjects had been instructed to proceed at a pace 

8ive the best scores, they tended to maintain a constant rate of 
. signals per minute under the different load conditions. 

mentioned*1 FIe att^mní^ !imUar bchavior in typing study which was previously menuoned. He attempted to improve performance both by making the task easier 
rCinf 010 •"hJ®048 to ‘/P® faster. »... various alphabet fizes ranging from 

Jifh ^i®*’®"4 »ymbols were used and the subjects were instructed to type in rhythm 
with a metronome. Under all conditions tested the subjects took about 250 ms.^oer 

{aã.: “m* °'¿o“m mc 'or *“•,ir,t u,“r in •b* 

j 8t^e.r Brabb (1956) obtained results similar to Augenstine in another 
study of typing. Their conclusions, which provide ample evidence of inflexibility 
of pacing, are given below. 7 

»The results of these experiments were not what had been 
anticipated. The differences between performance for a 
ÎÎj e,ja and many letter8 were very small. Neither 
did variations in alphabet size produce any marked effect. 
It turned out that, under all circumstances investigated, the 
typist^ stubbornly persisted in taking about the same time 

netter: furiL----—-- ior each furthermore the time was about the amount 
they had learned to use in school.... The investigation turned 
out to be a demonstration of the two effects of habit. They are : 
(i) the quality of the performance is good, (ii) the flexibility of 
the performance is low,... Neither of these findings is 
particmarly surprising. What was surprising...was the over¬ 
whelming strength of these effects.» (Quastler and Brabb, pp. 4-5) 

% 
The rather severe inflexibility in pacing noted in the studies described above 

íoâl bi? c*Ä.8ed by Í1) habit (c*f* Augenstine, 1958; Quastler and Brabb, * 
1956), but (2) channel capacity limitations, i.e. symbols/time vs. bits/time 
if ví. A» Miller, 1956), or (3) both of these factors working in interaction. 
ÎÎJÎ1.4* can hf* chang®b by training. But if decrements are due to channel capacity 
limitations (or even if it is an important factor in training), it is essential to 

. specify the nature of these limits and to attempt to discern the reason for their 
appearance. 

The obvious starting point is to review studies concerned with the question of 
how rapidly signals can be registered as input by an individual, i. e. accurately 

,Tbii 8e®m8 4° b® partially dependent on the sense modality emplo/ed 
has show * tw i?»44' 1959)* J^ben dealing with discrete events, Taubmann (1950) 
-f “ !. ^rï ,per 8ec?nd 8®®m® to be the limit when employing auditory 

8timuli 8eem8 lower than that for auditory stimuli 
(BarUett and Bartlett, 1959). However, it would appear that subjects can resort 
the Íh" ^f*!?"** ï ov®rcom® ^ao limits. If it is possible to group 
to %inUmb?L«hich can a'Je<luatcly be perceived and responded 
to markedly increases (Vince, 1949; Woodworth and Schlosberg, 1954; Miller, 1956), 
A recent study by Allan (1961) indicates that individuals are more likely to use such 
approximations when speed demands are increased. 

®Italics added 
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In a recent review of the topic of human information processing, Hostetter 
(1961) mentioned that evidence points to the idea that eye movements are not 
critical determinants of this limitation. In reviewing a series of studies performed 

.at the Control Systems Laboratory of the University of Illinois (Augenstine and 
Blank, 1956¡ Augenstine, 1958; Osborne, Quastler, Tweedell, and Wilen, 1955; 
Quastler, 1955; Quastler and Brabb, 1956), he stated the following: n,,,Man*s eye 

’movement cycle in reading is such that gross, rapid movements of short duration 
are alternated with 200-250 ms, stationary periods, A series of studies concerned 
with flash recognition of familiar displays (Augenstine, Blank, Quastler, and 
Wagner, 1956) indicated that data input probably occurs during only a small part of 
each cycle. It was found that more information about complex displays was 
transmitted for 40 ms. exposures than for 10 ms, exposures, but exposures longer 
than 40 ms. showed no additional assimilated information until durations exceeded 
about 250 ms," (Hostetter, 1961, p, V-5), 

In addition to limitations imposed by ability to correctly perceive (register) 
the stimuli, limitations in the r esponse rate of effector mechanisms are also 
present, even in simple button pressing activity. The normal limit on taps made 
by a finger is 8.5 per second (Seashore, 1938) though practice can increase this 
to 9,3. When discussing limitations on simple motor movements such as this, 
evidence has shown that it is necessary to bring in the concept of some central 
process (the translation mechanism) operating within the organism, since it is 
known (Craik, 1947) that the finger is actually capable of making still faster move¬ 
ments (greater than 8 per second) when simple electrical stimulation is employed. 

From the above it can be seen that the upper limit in the perception of discrete 
stimuli and the upper limit in producing motor movements both tend to be no higher 

. than about 8 per second except in unusual cases. When a subject attempts to 
integrate the two, however, so as to malee a series of specific responses to a 
series of discrete stimuli (not involving perceptual anticipation), the upper limit 
seems to be a rate of only 2 per second (\ ince, 1948; Welford, 1952; Bartlett and 
Bartlett, 1959). If one stimulus is prevented in close temporal contiguity to another 
stimulus, the response to the second stimulus is delayed, the reaction time being 
frequently longer to the second than to the first. This phenomenon of a psychological 
refractory period has been noted with simple auditory stimuli (LaMay, I960) as well 
as visual tasks (Alluisi, Muller, and Fitts, 1957; Hick and Bates, 1950; Vince, 1948) 
where the subject is required to press a button in response to a stimulus, and in 
more complex tracking tasks (Craik, 1948; Hick, 1948). 

An interpretation of this phenomenon has been offered by Welford (1952) who 
proposed that there is a central organizing time during which the central mechanisms 
of an organism are engaged in executing a response and receiving stimulus feedback 
from this response. During this time, any stimuli, other than motor feedback 
stimuli, which impinge upon the organism must be held in store until the central 

. mechanisms are cleared from the preceding response. Augenstine's (1958) findings 
suggest that signals might even be missed entirely if stimulus presentation times were 
sufficiently short and tightly spaced e.g, less than 40 ms. If this does not occur, 
however, new inputs can be sent to a temporary store until the subject is ready to 
process them. 

It would appear that while there is a refractory period of approximately . 5 sec, 
it is a relative refractory period. As the interval between stimuli goes below this 
point, sharp decrements appear. The absolute refractory period would seem to be 
approximately .2 ¿be at least for visual stimuli if Augenstine*8 data are integrated 
in this fashion. H^rever, it is no simple task to infer performance decrements ♦ 
from these. Tempótary storage can be used to extend capacity. This is possibly 
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âélt'lL'lV '2 ,ec lnle,rval.a rcl'‘tiv<! «‘her than an absolut, refractory 
fona ne'riod Vjfy *“ í íul"=tlon °< response load. At least for a fairly 
«rWrfril ^ / ^Tn* Pf difCU8fllon given above is speculative and perhaps further 
enerve ÍÍ or,invalidato theße ideas. At the present the data 
can serve as tentative estimates of speed capacities of the human organism. 

It is apparent that more information is needed about temnorarv storace in 

U.7inn. HT-h Br0,1fenl (’a’56» haS ')‘'ln,ed ‘ha‘ Ö>i.”tPor.U «ry fentporary, 
that U ii Umitêd^n thi.V*COn.d’f°ln1/ for naval r4ti“8>. m addition, it wouldP.eem 

11 ln toe amount of information which can be stored this way. 
the íimitrií1noí) rep7ted an estimate of about 20 bits; however, it is possible that 
not all the temnnrarU°a ^ldormati°n* Perhaps it is reached simply because 
not all the temporarily stored data can bo retrieved before they are lost (a time 

Âvnaî onne^rmati0ï li^th Thus the limit mi«ht be imposed by ^iT 
I tor ÍÍrÍ 0cl\hï a880ciated with putting information in temporary 
store (Broadbent, 1958). Existence of the phenomenon of eidetic imaeerv (c f 
*,0r0d»o.^.and Schlo.berg, 1954) eeeme to reinforce thi. view. Evidently .orne 
rare individuals can exceed the normal time limitations for holding information in 
temporary storage; when they do, they can transmit much more than 20 bits. 

«« ^ T u! exl*t*ilce o£ ^8 refractory period and of limits on temporary storage 
i^vidualC.0rtaribUte»l0Klth* 1®ffec‘ivene88 of »elf-pacing. In such situations, 

2 pr1obably ÍOr mln0r variation8 in feedback time and can also 
educe demands placed upon immediate memory. However, in order to 

íhmdH^rnL^f proWfm maladaptive habits being formed about pacing, persons 
should probably receive training early in high load situations. 

CRITICAL FACTORS 

1« Factors Influencing Perception 

a. Irrelevant Information: One important task variable which directly 
infuJZ«™ im°r.°J ob‘,rv1ed "U»k “d“r 1" stree. le the amount of irrelevant 
information present in the stimulus situation. When subjects are required to locate 

11101,147 7atric*8 oi various sizes and composition, there is little doubt 
/Erickson™! q«;«;* IP irr!ler^i information causes increases in performance time 
1954 kp^nJk95^QfôenCTh* n954î Green and Anderson, 1956; Pollack and Klemmer, 

kH 1955J* .1.11 ff8?8 8tudied» results showed that search time 
In Ü f Í 1 linf.tr fa8hion with increases in irrelevant information which appeared 
íüvíi ?wOÍ ®ith*r non-target dots in some cells or blank cells. A decrement in 
fM V * P!í ?wC<l.haB t1*0 h*®»" noted for increasing amounts of irrelevancy (Mackworth and Mackworth, 1958). y 

Broadbent, for example, has estimated that it takes from 1-2 sec to switch from 
one sensory channel to another. This value is precariously close to the 2 sec 

such dîffiïtütvrin»31V ÂlîlPr»ïïide an intere8tin« explanation of why people have 
nsÏl OnÎwal 'r ® "?^0£lng0 at 0nce" <C-£* Woodworth and ScWo.berg, 
DMsentiSron so thit ÉVKÍdlfE ?l1,/toragie time imitation is by spacing stimidus 
it is used Unforttm^ri^fkV1 in£ormation ca" be continually recirculated until 

57 



The reason that irrelevant information hinders performance is easy to 
understand* It han been pointed out that man has channel limitations in regard 
to both amount of information processed (or more correctly the number of stimulus 
units processed) and the time available for processing. Processing unnecessary 
material will reduce the net effective capacity available for relevant material. 

Broadbent (1958) has pointed out a fact which moderates the performance 
decrement produced by irrelevant information. He proposes that man learns 
selectively on the basis of what he attends to perceptually. Some elements of 
any stimulus complex are taken up as input while other features are filtered 
(disregarded). If man can do this» a question arises as to why he doesn(t simply 

. disregard irrelevant information and keep his performance level from dropping» 

The answer seems to be that he can do just that provided a number of 
Conditions are satisfied. If it is easy to distinguish between what is relevant and 
what is not» he can filter. If it is difficult» he can filter only a small amount of 
irrelevant information or none at all. 

The capacity to filter irrelevant information will vary depending upon a 
number of factors. These can be deduced logically from the very definitions of 
relevance» irrelevancy» and filtering. Experimental data seem to substantiate 
these deductions. Consider a certain input load (S). Information in the stimulus 
situation is given by cues (e.g. form, color, size, etc.) and each of these is 
correlated with some particular response, e.g. given the appearance of cue 1, Rj 
is appropriate. This relationship may vary anywhere between no correlation and 
complete correlation. Now, if R| is the appropriate response and if cue no. 1, Ci, 
is perfectly related to it, Ct is relevant information. If C2 bears only a partial 
relation to R|, it is only partially relevant. If C3 bears no relationship to Rlt it is 
completely irrelevant. 

* 

So far this method of analyzing stimuli is easily understood. Restle (1955) 
has used the same approach to develop a mathematical theory of concept formation. 
By combining his basic approach with that of Broadbent (1958), it seems logical 
to expect that Cj would be easier to differentiate from C| than would Ca, at least 
in terms of feedback cues (knowledge of results). However, stimulus cues are also 
important. If there is at least 1 bit of stimulus information between C| and C2 and 
another bit between Cj and C$, filtering can take place. It should be even easier 
for subjects to filter if C| can be differentiated from C2 and C3 on the basis of a 
single bit of information, e.g. space separation vs. no space separation. 
Appropriate past experience, i. e. filter C2 and C3 while accepting C|, can also be 
expected to be beneficial while inappropriate past experience, e, g. Cj and Ca both 
are cues to R¡, should be a hindrance. 

All of the notions explained above are easy to understand and it is not 
necessary to work out the logic in more detail. Experimental results seem to be 
reasonably consistent with this interpretation. They are as follows: (1) irrelevant 
information does not always produce response decrements (Archer, 1954); 
(2) practice seems to reduce decrements produced by irrelevant information 
(Hodge, 1959) but only to a degree (Mackworth and Mackworth, 1958); (3) in- 
appropriate training, i.e. previous experience where cues now irrelevant were 
relevant, causes greater decrements than no previous inappropriate training 
(Hodge and Reid, 1958; Gregg, 1954); (4) when irrelevant information is separated 
spatially from relevant information, performance is not as poor as in the case 
where the no separation is present (Senders, 1952); (5) the greater the stimulus 
similarity between relevant and irrelevant information, the greater the performance 
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decrement produced by the irrelevant information (Reid, Hodge, and White (1958); 
and (6) the greater the amount of stimulus information required to filter, the 
fl953*r ^ dccrement Produced by irrelevant information (Kruler and Sinclair, 

' * 4 j .i Th®fexPerir"®ntal data cited above make a compelling case for the previously 
stated line of reasoning. Obviously, the problem has been oversimplified by 
overlooking such factors as interaction effects: o.g., an interaction exists betwesn 
stimulus similarity between relevant and irrelevant material and the amount of 
irrelevant material (Reid, Hodge, and White, 1958). However, most such results 
are probably interpretable in terms of summation of demands on channel capacity. 

b. Redundancy: A second important factor influencing perception is stimulus 
redundancy, e.g. using more cue information than what is needed for responses. 
The studies on this, (c.f. Turner, Wallace, and Wessel, 1956; Attneave, 1955) 
have produced seemingly unequivocal results which are well summarized by 
Hostetter (1961). In his discussion of the topic he stated the following: 

''in conclusion, one can say that the effects of redundancy are 
, dependent upon the complexity and required speed of the task. 

With relatively simple tasks, redundancy tends to cause an 
increase iiv^eaction time and an increase in the processing 
time. However, as the speed requirement in a simple task 
is ¿ncrGcissdf incvQ&ssd rsdundäticy tends to dGcrsciso error#** 

i. Adaptability to Coding: One final factor is the suitability of a stimulus 
situation for coding into groups or "chunks of information." The significance of 
this is clear and has been discussed previously in the chapter. However, few 
systematic studies have been performed on this variable and it is largely a matter 
of potential promise at the present time. 

2. Factors Lifluencing Translation: Translation may be roughly thought of as a 
process of selecting appropriate responses on the basis of stimulus information. 
Obviously, this activity should be facilitated if it is known that certain STs are 
more probable than others, that certain R's are more likely than others, and that 
certain S R connections are more likely to be correct than others. All of these 
processes involve a concept of task anticipation. A differentiation has already 
been made between (1) perceptual and (2) response anticipation. The extent to 
which a task permits or encourages such processes was shown to have a marked 
influence on processing time. In fact, Hyman (1953) found a linear relationship 
between response time and (1) the relative probability of occurrence of various 
■timultia ...J ¢2) f-*--_*j \ > . stimulus alternatives, and 
alternatives. 

the sequential dependencies existing between 

Perceptual anticipation has been shown to be acquired autonomously (by 
practice without instruction), and can also be induced to some extent by 
instructions. However, if this instruction is inaccurate, performance will 

/Suffer. Krulee, Podell, and Ranes (1954) and Krulee (1958) found that when 
subjects are told to expect more S alternatives than actually occur, their 
performance suffers. This last point shows that inappropriate (injurious to 
performance) anticipation can occur in certain situations. 

♦ 
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The effects of response uncertainty upon performance cannot be stated in any 
simple fashion because there are not sufficient data upon which to base a conclusion. 
In many cases it is impossible to differentiate between the effects of stimulus 
uncertainty and those of response uncertainty. When this occurs( the effects are 
as those described for perceptual anticipation, i.e. there is a great effect on 
performance level and time. Also, many "response uncertainty" studies actually 
seem to be better classified as studies of response load, a topic which has already 
been discussed. However, before progressing to the next factor, it should be 
pointed out that response uncertainty can be expected to become more and more 
important as channel capacity is more closely approximated. That is, as 
uncertainty inc/eases, performance deteriorates under such near overload 
conditions. Indeed, it could be very surprising if this were not found to be the 
case. For the present this is the only seemingly safe generalization to make; no 
predictions can be made as to how and whun this effect is likely to occur. 

The job of translation is made easier by other things than simply being able 
to weight certain 5*8 and R*s more heavily than others on the basis of perceptual 
and response anticipation. A point of major importance is the compatibility existing 
between S*s and R's. If they are not compatible, the translation mechanism is 
faced with the need to decode the S*s and encode into a form compatible with R*s. 
Sometimes this coding step can be beneficial if it reduces the stimulus load gready. 
However, it will probably never oe as efficient as having an equally efficient 
compatibility relationship built into the task. Hostetter (1961) has summarized the 
relevant considerations for S R compatibility. They are .«."(I) the past 
experience of the human, (2) population stereotypes, (3) the parallelism between 
the stimulus presentation medium and the response medium and (4) the nature of 
the encoding or cortical involvement required by the situation" (p. 36). 

The points made above can be well documented by research. The interested 
reader is referred to Hostetter (1961) for a more detailed discussion of literature. 
However, it is worthwhile to cite a few studies as examples and to mention others 
that serve to connect points made earlier in this paper. 

Results of a study performed by Fitts and Seeger (1953) indicate that 
compatibility effects in perceptual motor performance are great. An experiment 
by Ericksen and l|ahe (1955), which was interpreted by the authors in a different * 
context than the onè being done now, found that information transmission remained 
constam despite the fact that both stimulus and response load (no. of categories) 
was increased if the number of response categories equalled or exceeded the number 
of stimulus categories. However, when S load > R load, i.e. the no, of categories 
in S > the no. in R, a loss in transmission resulted. Expressing this last finding in 
terms of a variable explained in Table I, it appears that the greater the information 
compression required by a task, the greater the decrement in performance. Design 
of research to systematically measure the effects of this variable, which to the 
authoras knowledge has not been done, would seem to offer considerable promise 
in terms of increased knowledge about tasks. 

Knowles, Garner, and Newlin (1953) have also shown that the greater the 
8 R compatibility, the greater the sensitivity to changes in stimulus and response 
uncertainty. This seems to be consistent with the position taken throughout this 
chapter that reducing time spent on one activity, e, g. coding, allows time to be 
spent on other beneficial activities, e.g, making use of anticipating cues and can 
thereby allow for greater transmission of information. Finally, it has been found 
that the amount of speed stress, which can be operationally defined as the slope of 
the decrement in the transmitted information curve after the maxima, is less in 
uncompatible situations (Knowles, et, al., 1953), 
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3. Factors Influencing Effectors: Throughout this chapter the interaction of 
processing phases has been emphasized. As a consequence, much of the material 
which would normally be covered here has already been discussed, viz. the factor 
of response load. Other factors obviously exist such as (1) response preferences 
in population introduced by social custom and formal education, (2) response speed 
and smoothness introduced by specific practice, and (3) response complexities 
introduced by requiring coordination of various muscles. The last factor is a 
bio-mechanic consideration and this and the other two are discussed at length in 
standard human engineering references. The consequences of each to response 
time and proficiency level are obvious and need not be belabored here. However, 
It is significant to note that this question is not central to the consideration of the 

wn| a* a $ing\* Proce”ln8 channel. Welford (i960) points out that it is possible 
to begin processing new input data even while the responses given to the previous 
input are underway. In short, the critical point is selection of a response, not 
execution of it. The previous subsection has discussed this factor in reasonable 
detail since by its very nature it is closely articulated with Input activities. 

*• Speed of Signal Presentation 

. , £ll<?rg 9Í Qmiggfon: Conrad (1954), Studying the effect of increased 
signal speed by varying the speed of pointers on a series of four dials, found 
that the number of omissions roso in a positively accelerated manner as the speed 
of signal presentation was increased, though the latency of responding did not 
change. Those signals which closely preceded or followed another response were 
more likely to be missed. This finding seems relevant in view of the concept of 
the psychological refractory period which has been previously discussed and may 
also be related to the concept of perceptual span. That errors of emission are 
significantly related to speed of stimulus presentations seems to have been confirmed 
in numerous other studies (e.g. Davidson, Andrews, and Ross, 1956; Mackworth 
and Mackworth, 1956). In the Davidson et. al. study, speed of stimulus presentation 
was also significantly related to subjective reports of stressful experience. 

It seems equally well established that errors of commission are also 
/lot?\ u ly t0 ■Peed of stimulus presentation. Mackwcrth and Mackworth 
1195b; showed that errors of commission and errors of omission increased as a 
positively accelerated function of speed of presentation, a relationship which had 
been established previously for errors of omission by Conrad (1954). 

Both types of errors resulting from speed of stimulus presentation may 
be subsummed under what Conrad has termed speed stress. A good differentiation 
between speed stress and load stress (to be discussed next) has been offered by 
Howell and Briggs /1959): "In the case of load stress, the shortage results from 
what seems to be a greater amount of work in the rame amount of time; in speed 
stress, the shortage appears to be of time for the same amount of work." (p. 29) 

Increased load as has already been noted has a detrimental effect on 
performance. Conrad (1955) observed that increasing the load resulted in an 
increase in both the number and duration of errors, and that recovery from error 
took longer with greater loads. Mackworth and Mackworth (1956) found that errors 
increased as a linear function of load. Other than this, not too many detailed 
descriptions of errors are available and the discussion offered in the preceding 
subsection cannot be significantly supplemented. 
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1' Similarity yfstgna1,.» Reid and Holland (1954), uaing geometrical figures 
to study the e lect oí stimulus simüarity, found that similarity among the stimuli 

• ¡ruf Ci,mpl®x ta"k d«creased the proficiency with which the test was performed. 
^«ment C°^lá hî reducfd» however, by either patterning the responses of 

tÎ?,. POnl *0rudeCru a8ing the rate at which the «sponses had to be made. 
* T, , fpP®ars ikat when th® subject has to spend time making a difficult 

discrimination, the rate at which he can accurately respond,decreases. This 
4**-mi.?iîgreeTnk.wlth a Prevlou8ly made point of the dynamic nature of processing, 
i. •. that if a subject required to maintain a given response output (must spend 
centr^ processing time by making difficult discriminations) there is less time 
action is impaired*0 procfta8lng the reBPon8e and his flexibility and accuracy of 

/ 

c* Qy?rlag of Signals: Poulton (1956), studying overlapping signals in an 
auditory task value subjects answered calls, required subjects to write down a 
three-figure number if it were preceded by his call sign; he found that more errors 
were made when two numbers were synchronized than when a number was masked 
by a name, and that more errors occurred when the numbers from both competing 
calls had to be recorded than when it was necessary to note only one of the numbers. 
This seems to be another example of the discriminator problem previously discussed 
as does the study by Mackworth and Mackworth (1955) who found a linear relation¬ 
ship between errors of omission and overlap of signals. 



SUMMARY 

This chapter has presented a review of task induced stress, which was defined 
as an effect induced by shifts in task demands in the direction of making the task 
more closely approach (or surpass) the limitations of human capacity. The 
approach to the problem was based upon the ansumption (1) that human beings can 
be considered as limited capacity information channels, (2) that these limitations 
can be roughly approximated in terms of task variable measures, (3) that the 
human channel performs certain necessary operations upon input data to produce 
a response, and (4) the operations combine to form a dynamic restriction on 
channel capacity. The greater the time and effort spent on processing operations, 
the lower the channel capacity. 

It was seen that experimental data on the whole are consistent with this 
approach. Stress occurrs primarily as a function of speed or load demands. The 
nature of each oMhese stresses was discussed in detail and it was seen that it is 
possible to reduçi^ stress by reducing perceptual demands, translation demands, * 
and effector demands. A number of specific factors were discussed under each 
of these headings. 

There appear to be numerous ways in which stress can be reduced, primarily 
by raising channel capacity. Many of these take advantage of certain approximation 
procedures used by humans when they are faced with high speed and high load 
tasks. Institution of these ideas depends upon the flexibility of the human operator 
and his ability to shift his behavior in times of overload or near overload. The 
potential for such behavioral shifts is clearly better for load stress than speed 
stress. 
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SECTION Y 

CONTROL OF STRESS 

. GENERAL TECHNIQUES: BEHAVIORAL ADAPTATION 

Recent research in the area of task induced stress has intensified interest 
in the problem of determining factors which will modify reactions to a given 
stress situation. 

That adaptive learning which occurs with experience independently of speci¬ 
fic training procedures is often referred to as adaptation. 

Analysis of performance by numerous subjects on the USAAF Psychomotor 
Skill Battery led Deese and Lasarus (1952) to conclude that adaptation to stress 
occurred during the psychomotor testing sessions. The authors tested several 
groups of airmen, submitting them to the following «xperimSntal conditions: 
(a) control grbup, 40 subjects, simply told to do the best they could and urged 
to continually try to improve their performance: (b) experimental group I, 40 
subjects, told that failure on the test would have serious consequences in relation 
to their future Air Force careers; (c) experimental group II, 80 subjects, an 
added threat of failure induced through false norms introduced early in the 
learning process; (d) experimental group III, treated exactly as group II, except 
that the false norms were introduced late in learning; and (e) experimental 
group IV, who experienced equipment failure. The authors found that when 
the mean times on-target for all the group:, were compared, the controls were 

• markedly superior to all other groups in the early trials, but as learning pro¬ 
gressed the difference disappeared. In relation to this phenomenon the authors 
stated, "... the psychometric stress is effective in impairing performance for 

^ only a short period of'time. Apparently there is a gradual adaptation to this 
stress. " The goal of stress control in situations where performance decrement 
due to "stress" is more severe and long lasting has been to speed up the adapta¬ 
tion process in order to eliminate, or at least alleviate, any performance decrement 
inherent in the particular stress-producing task situation. 

SELECTION TECHNIQUES 

One obvious approach to stress modification lies in establishing performance 
criteria for a specific stress situation, and then selecting only individuals.who 
are able to meet these criteria. World War II gave great impetus to studies of 
this nature for the practical purpose of "beefing up" military selection techniques. 

* Haggard (1949) discussed the various aspects involved in the stress of submarine 
warfare and made the following statement about selection: "If a completely ade- 

• quate description of the submarine situation were available, it should be possible 
to deduce the essential characteristics of men who would adjust as submariners with 
minimal emotional stress. That is to say, men should be selected for submarine 
duty whose objective qualification», potentialities for adaptation, conscious and 
unconscious needs, motivational patterns, and identifications are optimally satis¬ 
fied by the demands and satisfactions provided by life aboard a submarine. " 

More recently Sells (1961) reported that only minor changes have been made 
in the psychological and physiological requirements for initial air crew selection 
since World War II. He underlined the continuing need for research in this area 
by referencing Mosely (1957) who said, "It is apparent from the accident data that 
we do not have at present adequate objective measurements of the task imposed 



tarn 

upon the pilot in high performance aircraft. " It would seem that we dare not ignore 
the necessity for seeking answers to such important questions. To do so, as we 

. stand at the threshold of space,, would display a careless disregard for the success¬ 
ful planning, initiation, and conclusion of future space flights. Sells was referring 
to the stresses impcs ed by jet and rocket aircraft which include reduced baromet¬ 
ric pressures, temperature alterations, accelerations, disorientation, anxiety 
and fatigue when he said, "An obvious method of reducing the effects of these 
stresses is to select pilots and other crewmen who have superior to lerances. 
However, superior tolerances to simple stresses may be overcome by synergic 
action of multiple stresses. Hence in spite of arguments concerning differences 
in tolerance acquired by the use of personal protective equipment, the physical 
standards must be high enough to insure some resistance to the hazards of 
unexpected events and resultant unprotected states. " 

' Research in the area of crew selection for space travel is clearly in its 
embryonic btages. Flickinger (1959) has rather clearly outlined the research 
that has been done and that is being continued on such topics as crew performance 
and stress tolerance. In his discussion of the psychophysiological stresses invol¬ 
ved in sp-.ce flight he outlined some of the aspects of the future work to be done in 
these areas in the following statement: 

M 

Work at both the basic and applied levels of this problem will 
be considerably augmented to provide a more complete under¬ 
standing of bodily mechanisms in response to stress from the 
cellifer level on up through regulatory systems to the complete 
functioning organism. With more fundamental knowledge of 
cellular biology and regulatory systems inter-relationships, 
particularly as concerns brain mechanisms, we stand an 
excellent chance not only of identifying the premium man for 
the premium job but also of producing more premium men 
through natural and artificial adaptation techniques. On the 
applied end, a crew selection and conditioning unit will be 
established in an area where there is a high population ,, 
increment of pilots who are required to perform premium tasks. 

The foregoing was not included to imply that problems of psychological stress 
as related to task performance are inherent only in tasks encountered in space 
vehicles. The problems of task induced stress of the speed and load variety 
have been with us for a long time in such unglamorous tasks as performance on 
a production line (Conrad, 1951). Perhaps as researchers we should be grateful 
to the advent of the space age, for it has thrust into sharp focus all the problems 

* related to task induced stress. 

But despite the long history of man's concern with such problems, remarkably 
few results of demonstrable value have been achieved. True, there are many 
BUR8e*H°n* present in the relationships discovered between various laboratory 
tasks and miscellaneous measures of anxiety, physiological reactivity, etc. 
However, as we have indicated in our prior discussion, the correlations are 
small, and many of the results appear to have applicability only on a task specific 
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PHARMACOLOGICAL TECHNIQUES 

i, The study of drugs, particularly tranquilizing agents, has accounted for a large 
•portion of the research in the area of stress control. 

. J.G. Miller (i960) has been very active in research of this nature. He reported 
an experiment which examined the effects of drugs in three types of stress situa¬ 
tions: (a) experimentally induced; (b) illness induced (headache); and (c) d^ :g 
induced. In the experimentally induced stress condition, the stress appat tus 
consisted of a box in which sparks as threats of shock, actual shocks, blasts of 
air, and loud noises could be presented. The subjects experienced the stress 
conditions while taking various pencil-and-papcr tests. In one study neither 800 
mg. of meprobamate nor 400 or 800 mg. of cmylcamate altered performance on 
the tests. Producing stress by drugs would therefore appear to be difficult, at 
least for moderate dosages of the drugs mentioned above. 

A study reported by McGuire and Leary (1958) investigated stress tolerance 
in 10 healthy male subjects, both in the normal state and under therapeutic doses 
of tranquilizers. The experimenters were concerned about the effects of these 
drugs on pilots, who it appeared were using them somewhat indiscriminately. 
The experiment performed by the authors was designed to assess the effects of 
drugs on pilot-related tasks. The subjects serving in the experiment were given 
a complete physical examination after which they were exposed to a series of 
five stresses. Following this, they were given therapeutic doses of promazine 

. hydrocholoride, meprobamate, or placebo. Some subjects eventually received 
.. three. Testing began after the subjects had been placed on a particular drug 

from three to five days. The drug was continued throughout testing. No more 
• than two tests a day were performed on a given individual, and these were 

separated by long time intervals to keep a subject's '‘stress" response to a 
particular test from influencing his responses on others. 

The authors examined the effects of the drug conditions on performance in 
the following "stress" situations: (1) valsalva overshoot - subject forcefully 
expires into a tube connected to a 500 cc flask, which is attached to a mercury 
manometer. The apparatus is designed to injure against closing the glotis as 
a mode of maintaining elevated pressure by forcing the pressure to extend 
down into the lungs. When the intrapulmonic pressure is released, the systolic 
blood pressure "overshoot" is determined; (2) continuous positive pressure 
breathing, 30 mm. Hq. pressure, 100% oxygen at 25,000 feet in the altitude 
chamber; (3) tilt table - the subject is tilted to 65 and remains there for twenty 
minutes. Blood pressure and pulse are recorded every two minutes; (4) Harvard 

. ®teP Test “ a iive minute period of stepping onto and down from a platform 20 inches 
high at the rate of 30 steps per minute; and (5) combined stress test, a combination 
of the stresses to which high performance aircraft pilots might be exposed (exact 
nature of the test classified). The authors found that tranquilizers redu-.ed stress 
tolerance when the latter is defined in terms of such indices of physiological 
adaptability. The limitation was not as severe with meprobamate as it was with 
promazine hydrochloride. As the degree of stress increased, it was determined 
that the limitation of adaptation became marked with both groups of tranquilizers. 
High doses yielded more severe limitations. The authors concluded that the drug- 
induced limitation occurs regardless of whether or not the subject is under 
chronic medication. It was their opinion that pilots using such drugs should be 
removed from flying status during the peri ds of medication. However, it should 
be emphasized that the stresses studied were strictly physiological in nature 
and may bear little relation to psychological stress. 
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Uhr (1960), pp. 610-633) provided a compre hensive review of research investi 
gating the effects of various drugs on psychomotor and perceptual performance. 

.He reported that most of the experiments consistently show that ordinary doses of 
such tranquilizers as chloropromazinc and rcserpine impair performance at 
speeded, simple perceptual, or coordinated psychomotor tasks. He made the 
following statement in relation to the effects of drues on performance under 
stress (p. 616): 

"Several tranquilizers (especially meprobamate and choropro- 
mazine) rather consistently improve performance under stress 
and apparently by lowering anxiety level, definitely affect moti¬ 
vation level. There is also some indication that this tranquilizing 
effect is felt subjectively and can be observed to have autonomic 
influences, but it does not lead to improved performance.11 
[ in the normal situation ]. "This absence of facilitation of behavior 
could well be caused by counteracting behavioral toxic-effects 
or the absence of disruptive anxiety in normal subjects who work 
at simple straight-forward tasks. But, when tests are chosen 
because they are sensitive to and disrupted by anxiety, or when 
high anxiety levels are induced by laboratory stressors, performance 
tends to be improved by tranquilizers." 

This statement should serve to indicate the chaotic state of this area of 
psychological stress research. As long as drug effects are described in such 
terms as tranquilization, sedation, and stimulation, it will be impossible to 
establish generalizations about drugs in rclatiop to performance on different 
tasks. However, numerous efforts are being made to establish the dimensions 
of drug effects(c.f. Cattell, I960, Eysenck, 1960, Uhr U Miller, I960). It will 
remain, then, to interrelate these to task dimensions. 

TRAINING TECHNIQUES 

The groundwork for developing the ability to cope with such impulses as 
anxiety and fear is laid early in childhood. There is some evidence that adult# 
can gain control be being gradually exposed to stress-producing situations. 
According to Haggard (1949) an individual can become progressively adapted to 
stress situations and thereby develop an ability to function optimally in stressful 
situations. Haggard further stated, "Realistic training under realistic condi¬ 
tions of stress is a necessary procedure if many individuals are not to become 
psychiatric casualties when confronted by actual dangers. In fact, one observer 
believes that 'shell shock1 is nothing but insufficient training." 

Military training programs constitute one of the prime responsibilities of 
any military service. The transformation of the raw recruit into an "operation¬ 
ally ready military man has been a military problem since time immemorial. 
However, the complexity of present-day weapons has considerable increased 
the need for formal technical instruction. To cope with this problem weapon 
simulators have been developed to provide the necessary "realistic" procedural 
training with its attendant transfer to the actual task. 

Fortunately, the development of simulate- s has greatly increased our capa¬ 
bility for task analysis. According to Seale (lv60), "We may define task analysis 
as that portion of die total systems analysis effort which defines systematically 
and in as much (Íet||l as possible at any given time, the stimulus inputs to the 
operator, the response outputs of the operator, and the operational environment 



In which he works." The task analysis approach has tremendous merit in 
providing knowledge about the aspects of a task that may or may not produce 
stress. However, the focus of task analysis needs to be broadened to include 

.not only the stimulus inputs to the operator, but also the operator's ability to 
store this input information and process it into useful responses to a particular 
task situation. Essentially this means applying what is presently known about 

’ human information processing to task analysis. From data of this nature it should 
be possible to determine whether improved selection techniques, training tech¬ 
niques, task modification or a combination of all three, will best serve to increase 
performance level on a particular task. 

The chaotic condition of the literature related to psychological stress does 
. not provide a clear thread of cohesive evidence or results that could be grouped 

into an article entitled "How to Train Individuals to Perform in Situations of 
Task Induced Stress," In effect there is no real empirical basis for developing 
such training principles. Since this is the case, an attractive alternative exists 
in a statement by Gustafson, Honsberger, and Michclson (i960): "...It is, 
therefore, quite possible to exploit existing training technology and to do a highly' 
competent and successful job within the limitíitions imposed by the state of the 
art, provided only that the training analyst is not unduly hindered by concern 
that his procedures be impregnable to attack on scientific grounds. A pure 
applier concerns himself first with developing a training program that has high 
probability of success, and only secondarily with whether he really understands 
what he is doing. We can consider optimizing the program through research 
only after a successful program has been established. The pure technician uses 
experience, expert opinion, and even brute force to overcome the obstacles in 
his path; and the training problems that cannot be solved in this manner turn out 

. to be surprisingly few and far between. " 

This strictly applied approach becomes less attractive when it is realized 
that it also implies strict validation studies. Direct empirical validation is 
generally difficult due to the lack of criterion data. Even so intensive an effort 
as that of OSS Assessment Staff (1948) to develop selection and training techniques 
for performance under stress was unable to produce ?.ny proven results. For a 
discussion of the criterion problems encountered, see Lazarus et.al. (1952), 
Pp. 24-25. 

It would appear, then, that one must rely on generalizations from laboratory 
or other non-operational situations for the prediction of operational performance. 
This implies a considerably deepened understanding of the nature of stress, both 
of its causal elements in the task situation and of its consequences in task per¬ 
formance. It also implies that it is possible to compare meaningfully different 

* tasks unless one is willing to run a study for each new task that developes. 
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SECTION VI 

SUMMARY, CONCLUSIONS, AND RESEARCH IMPLICATIONS 

In the preceding section, an attempt has been made to provide increased 
understanding, at least on the intuitive level, of the nature of psychological stress. 
The purpose of this effort was to bring into a sharper focus the major factors that 
contribute to determining how much stress is produced and how this stress will be 
reflected in performance. 

Section I, the introduction, was primarily a statement of the problem and 
outline of the report's coverage. In Section II, a broad overview of stress 
research was presented in an effort to défit.e the field (in the sense of the methods 
and contents of studies bearing the "stress" label). The topic of Section III was 
individual differences in reactions to stressful situatior.s--i. e. , the emphasis was 
upon predictor devices such as might be applicable for personnel selection. 
Coverage was primarily devoted to physiological indices and personality scales, 
inventories, etc. 

Section IV was an attempt to focus upon a particular type of stress phenome> 
non: that of "task induced" stress. An attempt was made to show its relationship 
to psychological stress in general, and to review the relevant stimulus and re¬ 
sponse parameters. Section V represented an effort to cover what is known, in the 
way of direct implications from published data, about the control of stress. 

Now, there is a need to summarize the implications of the vast body of re¬ 
search that has been barely touched upon. There is need f'~ an attempt to derive 
hypotheses for stress control that extend beyond the rather scanty body of direct 
implications discussed in Section V. To these ends, a rough conceptual model-- 
qualitative but with provisions for quantification --will be derived, and its impli¬ 
cations tor stress control discussed. Provisions for testing and quantifying the 
model have been presented by Hurst (1961). 

A CONCEPTUALIZATION OF STRESS 

Based upon the research discussed primarily in Section IV, it appears that 
task parameters set limits upon human processing ability through their influence 
upon the following factors: 

1. Perceptual demands (speed and complexity) 

2. Coding requirements 

3. Needs for decoding or translation 

4. Storage demands 

5. Effector requirements 

6. Stimulus-response compatibility 

7. Informational requirements of response: extent to which it must preserve 
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the stimulus information. (This factor is particularly important since it sets 
limits on the types of strategies--filtering, perceptual anticipation, etc.--which 
can be adopted by experienced subjects.) 

% 
The human data-processing channel has a rate limit which may be defined in 

terms oi f (t), where t is the time taken to process a single stimulus symbol under 
given conditions. 

Let t b mean processing time, and 

f (t) b frequency distribution of processing times 

Limiting values for these functions- are set by (1) the informational content 
Oir the symbols, and (2) the method of coding implicit in the stimuli. Within these 
limits, considerable variation in f (t) can occur. This variation can be largely 
attributed to four factors, which are not independent: (1) normal, or steady-state 
variation, produced Hy threshold variations, ambient noise condition, etc., (2) 
changes in coding by the subject, (3) changes in perceptual strategy adopted by the 
subject, and (4) general effects of experience, which may influence coding and 
perceptual strategies as well as having other effects more difficult to classify. 

By defining the symbols/se: given in the input aslT, "a" becomes the inter¬ 
stimulus interval and a the mean time interval between successive stimulus 
presentations. Thus, the joint function f (t-a) defines the degree to which channel 
capacity is being approximated. Chapter IV included a discussion of human be¬ 
havior as a function of the mean and variance of the value, (t-a). The net effect 
upon performance can now be partially defined in terms of overload, "O": the 
effect produced by having channel capacity approximated and surpassed. Note 
that "O" refers simply to overload, not to either "stress" or "stress effect 
upon performance." There is need to introduce a second term which takes the 
emotionality component into account and to combine this term with "O" to define 
net stress effect upon performance. By taking this approach it is possible to 
offer a formulation of the stress concept which promises to lead to measurable 
overt behavior consequences. 

Let ' V" be anindex of the emotional component of stress effect. This con¬ 
struct hau been developed to take into account the emotional aspects of the various 
types of psychological stress that have been so widely investigated in the experi¬ 
ments cited in preceding chapters. Consider some of the various "stresses" that 
have been described: failure stress, frustration stress, ego-threat stress, 
distraction stress, and speed/load (pacing) stress. It would seem that all of these 
phenomena, including the emotional component of "task induced" or speed/load 
stress, can be defined in terms of the utility notion of the economists as adapted 
by decision-making theorists (cf. Davidson, Suppes and Siegel, 1957). What 
appears to be the common, critical element in these situations is how much 
variation in utility is expected, by the subject, as a result of the situation outcome, 
and of how uncertain he feels about this outcome. Thus, "failure" or "frus¬ 
tration" stresses would owe their principal affect to the fact that he foresees the 
possibility of a large (downward) swing in utility, but is uncertain about whether 
or to what extent it will occur. (Certainty of failure would be expected to induce 
apathy rather than stress.) 
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The effect of increasing ego-involvement would be similarly interpreted, since 
this increases the utility swing contingent on one's ability to perform at his level 

.of aspiration. The effects of various distractors (noise, etc.), as well as those 
of pacing and other increases in task demands, can be expressed in terms of the 
performance decrements they produce--whicii lead to a greater uncertainty of 
success, (it is probable that the emotional effect of this anticipation is such as to 
further impair performance, thus resulting in a greater affective disturbance, 
which causes more impairment, etc., until the decrement is such that outcome 
uncertainty begins to decrease --i. e., failure becomes relatively certain. At this 
stage V should begin to decrease, thus, tending to resist further performance 
decrements. 

If the foregoing conceptualization be correct, it should be possible to summa¬ 
rize the effects on the emotional component in terms of how much of a utility swing 
is anticipated as likely to occur; or, more precisely, as how much of a swing is 
anticipated as how likely. This relationship can be expressed in an equation such 
as the following (developed in more detail in Hurst, 1961): 

V« 

V . 
K. B 

i 

P. = 
i 

E * 

(E = 

(|i (K,Pi-E)* E K.* p. - E2 
i * 1 1 1 

expected variance in outcome utilities 

incentive (utility) of the i^1 outcome 

th 
subjective probability of the i outcome 

expected utility value of task outcome 

To interpret the above, consider a task with N possible outcomes forming a 
mutually exclusive and exhaustive set. Each outcome could Ôe considered a score 
interval, as 0-10, 10-20, etc. Attached to each possible outcome, i. is an incentive 

value Kj . Now the stress effect on the subject should depend on two considerations: 

Note. In the general case, the value refers to the difference in utility between 

that attending the i outcome and that of the present state. The illustration has 
treated only the case of positive increments in utility, but the model is intended 
to cover also the case of negative increments. There is some evidence (Atthowe 
and Siegel, 1961) that the anticipation of negative changes is attended by more stress 
than that of positive changes, even when the amount of increment and the degree of 
uncertainty are held constant. If this is verified, the expression can probably be 
adjusted with an appropriate constant. 



(1) How much money (or other unit of utility) swings on the outcome ? 
» ' 

(2) How much uncertainty exists as to which way the swing will be ? 

The greater the possible swingi the greater the expected stress* However, the 
stress effect should approach zero as the outcome uncertainty approaches zero, 
regardless of the size of the swing. Equation (l), 

V =,5, K * P. - E* 
i e 1 1 i 

considers both factors. It is an expression for the variance of outcome utilities in 
a hypothetical series of repetitions of the given situation. Note that the expression 
involves subjective probabilities. Thus, the variance, V, is real only in the sense 
that it represents what variance a given subject would predict for the outcomes of 
a series of identical trials* It is not implied that the subject goes through any 
such computation, but rather that he behaves as if he had done so. 

It is hypothesized that stress is a monotonically increasing function of V. 

It is now possible to express the total effect of task-induced stress upon observ- 
-7 ad performance. Denote this net effect as "AP. " It is clear from the foregoing 

discussions that 

(2) AP s g (O) + h (V) 

where g and h refer to functions whose precise nature are not at present known. 

Recalling that O is a function of the distribution of (t-a), 

(3) O - f (t-a), 

we also know that V will be influenced by f (t-a), since this determines the sub¬ 
jective probabilities of successes (P^ terms) for the events in Equation (l). Thus 

. the distribution, f (t-a), has a two -fold effect on performance: a direct effect 
through overload, not influenced by outcome utilities, 

O ~ f (t-a) 

and another effect through the emotional component which does defend on outcome 
^ utilities. 

v~ ( j (U). i 1 
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•• Substituting these two expressions in Equation (¿), one obtains 

(5) ¿P .g [f(t-a)] +h [j (U), f (t-a)] 

or more simply 

(6) AP * g* (t-a) +h' I U, (t-a) ] 

which expresses the functional relationship between 
service time distributions, and outcome utilities. 

input arrival distributions, 

rela“on8hiP between "V”. "O", and task parameters can be 
clarified by providing a block diagram which shows the type of concepts hypothesized. 
Figure.^shows such a diagram. The terms used are as follows: 

f (a) 

f (t) 

C 

Cd 

Ex 

St 

O 

O' 

U 

V 

AP 

B the distribution of arrival times of the stimuli; 

B the distribution of service times 

B 'complexity": those aspects of the stimulus situation which 
define the task difficulty (c.f., information in bits/symbol, 
type of information coding implicit in stimuli, etc.) 

b method of coding adopted by subject 

b the effects of past experience 

■ the strategy adopter! by the subject 

■ the actual overload, i.e., (t-a) 

b the perceived Overload which is a function of O, instructions, 
level of aspiration, etc. 

b the payoff differential, which defines, in units of utility, the 
between successful and unsuccessful performance* 

« the expected utility variance, as defined above. 

■ change in performance , designated by percentage of information 
transmitted. 

Some particular implications stemming from the block diagram should be 
discussed. The first is that if the payoff swing, U, associated v/ith different 

« 
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performance outcomes is comparatively low, then the "O" component will define, 
to a large extent, the performance outcome. However, if U is increased, this 
increases V. This affects t (t) and will thus affect O and O*. However, when O is 
sufficiently great as to make satisfactory performance nearly impossible, V 
becomes low. This produces a favorable effect on f (t), with a consequent decrease 
in O, thus resisting further performance decrements. This feedback relationship 
is an interesting one and is explained further below. 

The second point brought out by the figure is that perceived overload, O] does 
not necessarily equal overload, O, which is defined in terms of f (t-a). For the 
present, however, it appears reasonable to assume a monotonie relationship 
between O and O*, If this is the case in preliminary studies, concern can be 
focused on O. When individual differences are to be focussed upon, it will be 
necessary to determine differences in the transform between O and O'. 

IMPLICATIONS FOR STRESS CONTROL AND FOR FURTHER RESEARCH 

A cursory inspection of the model indicates that AP is ultimately a function of 
utility variation and f (t-a). The first implication is that performance decrement 
can be reduced in magnitude by preventing excessive ovei*load, which can be 
effected through increasing ã or decreasing t. This implication is such obvious 
common-sense as scarcely to justify the need for a model. The methods of 
effecting these changes are less obvious. They would include operation-sequencing 

‘ procedures to increase the mean and reduce the variance of a, the inter-stimulus 
interval. They would also include any means by which operators were encouraged 
to adopt filtering and/or coding procedures such as might reduce the mean and 
variance of t, the stimulus processing time. The problems involved here are highly 
complex, and there would seem to be no way to answer them short of a large 
amount of "rawly empirical" research. 

Concerning the emotional aspects (control of "V"), the implications from the 
model are less obvious. Some der reo of stress is present, by definition, in the 
highly motivated subject. The qm stion is not one of how to eliminate stress, but 
rather of determining its optimum values for particular tasks and discovering how 
to attain such values. 

The fi^st phase of the problem--determiring optima--presupposcs some 
quantitative measurement of "stress," Tentatively, the most promising avenue 
for achieving this would seem to be through the use of physiological indices. 
Dimensionalization of these indices, as suggested in Chapter II, should permit 
defining "stress" in a manner both operational and conceptually meaningful. The 
physiological index, or dimension, should exhibit of monotonically increasing re¬ 
lationship with "V" as defined above. 

The second phase of the problem--manipulating th«s value of "V"--is less di¬ 
rectly approachable, but should be much betie.- understood soon after the measure¬ 
ment problem has been solved. Ability to measure the emotional component in this 
semi-direct manner should provide a tool of inestimable worth in the validation of 
training and selection procedures. 

One promising avenue is through manipulation of the relationship between 
O and O*. This would result in a given value of () being associated with a reduced 
value of O*, which would be associated with a lowered V. Such an effect could be 
implemented through the "adaptation" process defined in the preceding chapter. 
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Intuitively, it would eeem that the operator would adapt emotionally as well as 
perceptually, through practice under overload conditions, to the overload phe- 
•ncmenon. Thus, a particular high input rate might still exceed channel capacity, 
but the operator would no longer perceive this state of affairs as so disastrous. 

» 

A second approach is through manipulating the utility function, by teaching the 
operator to view the outcome on a long-term basis instead of short-term. For 
example, the operator of a PPI performing a "tracking * duty would be trained 
that it is not catastrophic to miss an opportunity to update the position of a par¬ 
ticular target, so long as his over-all performance, in terms of updatings/minute, 
remains at a satisfactory level. This would prevent the occurrence of the familiar 
situation where the operator, in attempting to attend to every pip on each antenna 
rotation, falls progressively farther and farther behind the sweep and, in a state 
of greater or lesser panic, makes his updatings on images of progressively 
fading quality. 

This type of training could be classified under the heading of "the teaching of 
filtering strategies," but willingness to adopt such strategies is related to the 
basic question of utility variation. The facts (Davidson, Suppcs and Siegel, 1957; 
Hurst and Siegel, 1956) indicate that subjects do, indeed, perceive utility variation 
on a short-term basis when confronted with a series of similar trials. Consider, 
for example, a subject in a gambling situation whose positive utility of winning 
$50.00 is equal in magnitude to his negative utility of losing $40.00. . He is con- 

. fronted with two options as follows: 

Option A Option B 

Event E Win $50.00 Win $2.00 

Event not-E Lose $42.00 Win $2.00 

If he is convinced that the event, E, has a probability of occurrence of .50, 
he will surely choose Option B, even though its expected value is only + $2.00 as 
opposed to + $4.00 for Option A. In this manner he will maximize his expected 
utility with regard to the outcome. 

Now suppose that this same subject is confronted with a series involving a 
very large number of such choices. Regardless of his utility function for various 
amounts of wins and losses, he will maximize expected utility for the sequence a^ 
a whole by choosing in accordance with mathematically expected value. (This 
.conclusion is based on the assumption that, regardless of the shape of his utility 
function, nearly everyone would rather have more money than less.) Yet the 
experimental data cited above indicate that it is a very rare subject who, when 
‘confronted with a long series of similar options, adopts the "expected-value" 
strategy. 

Such a strategy can be learned, as is evidenced by the behavior of professional 
gamblers; but since it does not occur naturally, it must be deliberately taught. 
Training procedures for data-processing operations might well incorporate such 
teaching, since incorporation of the’Uo^fi-term" view should not only diminish V 
but also encourage the use of adaptive filtering strategies. 
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EntaaUon'fl) ap,>r0ach *• «-rough manipulauoi. m tho values of the P. terms in 

V, n 
« £ 

i = 1 
K.2 

1 
P. - E2 

i 

1 *Pjra.Ce-Vud Probabihty of successful performance is a matter of confidence 
related to job competence and of temporary emotional state. The former is a 
matter of training. The latter could probably be modified through use of 
psychoactive drugs, especially stimulants such as amphetamine which appear to 
increase ftehngs of confidence, optimism, etc., without impairing normal-state 
performance as do tranquilizers. It is difficult at the moment to see how specific 
training techniques could contribute to favorable values of the P.»s, aside frémi the 
obvious implication that excessive use of reproof in the training'situation would 
increase failure expectancies and should therefore be avoided 

The K. values are difficult to manipulate. They must be kept at high enough 
values to provide adequate motivation, but prevented from becoming too high. 

8 mf;nip^at/0n and «mpirical Study of the reward-punishment 
aspects of the operational situation, as they actually affect the operator. Physi- 
ologica! as well as performance measures should be compared, and results used 
m the apportionment of operator responsibilities. 

hndvI^C°nClU?ÍOn\ iî ÎT *8t U® 8^ted that the model* in the ab^nce of a necessary 
exPe'imental b®8 few direct implications for training and other 

«¡rSoífi? 8tre8a However, the specification ol the stress concept, and 
e development of the indicated measurement techniques, should lead to improved 

efficiency in the design and conduct of the required empirical studies. 

79 



BIBLIOGRAPHY 

Aiken, Edwin G. Combined environmental strcsBCH and manual dexterity. U. S, 
Army med. Res, Lab. Rep., 1956, No. 225. 

Allan, M.D. Memorizing, recoding, and perceptual organization. British J. 
Psychol., 1961, 52, 25-30. 

Allen, Patricia S., Bennett, E. M. , Kemler, Dorothy K. Forced-choice ranking 
as a method for evaluations psycho-phyBiological feelings« WADC Technical 
Report 58-310, December 1959. 

Alluisi, E. A., Muller, P. F., Jr., and Fitts, P. M. An information analysis of 
verbal'and motor responses in a forced - paced serial task. J. exp psy¬ 
chology, 1957, 5^ 153-158. 

Ammons, R. B. Knowledge of performance: survey of the literature, some possi¬ 
ble applications and suggested experimentation. WADC Technical Report 
5414, February 1954 Contract AF 33(616)-95, RDO 694-64. 

Anderson, N. H., and Grant, D. A. A test of a statistical learning theory model 
for a two-choice behavior with double stimulus events. J, exp, psychology^ 
!957,_54, 305-317. 

Applezweig, M. K. Motivation and psychological stress: Interim Report. Con¬ 
necticut College, ProJ. NR172-228, 1955. 

Applezweig, M. H. and Moeller, G. Motivation and psychological stress: Third 
annual report. Project NR172-228, Contract Nonr 996(02) November 1956; 

Apple zweig, M. H. and Moeller, G. Psychological stress and related concepts: 
A bibliography. Group psychology branch office of naval research. Project 
NR172-228. Contract No. 996(02), December 1957. 

Applezweig, M. H. and Moeller, G. Psychological stress and related concepts: 
Indices to a bibliography. Project NR172-228, Contract Nonr 996(02) Janu¬ 
ary 1958. 

Applezweig, M. H. and Moeller, G. Conforming behavior and personality varia¬ 
bles. Technical Rep. 8, Project NR172-228, Contract Nonr 996(02), April 
1958. 

Archer, E. J. Identification of visual patterns as a function of information load. 
J. exp, Psychol., 1954, 48, 313-317. 

Ashby, W. R. Introduction to cybernetics, New York: Wiley, 1958. 

Askren, W. B. Man functions in space flight. Presented to the panel on psy¬ 
chology of the armed forces - NRC committee on bio-astronautics in Washing¬ 
ton, D. C., December 2, 1959. 

Atthowe, J. M., and Siegel, S. Decision making and conflict theory: approach - 
avoidance gradients. University Park, Pennsylvania: The Pennsylvania State 
University, Dept, of Psychology, National Science Foundation Resmrrh Grant 
G-7071, Research Bulletin No. 14, April 1961. 

81 



Attneave, F. Applications of information theory to psychology, New York: Holt 
and Company, 195^. 

» 

Attneave, F, Symmetry, information and memory for patterns. Amer. J, Psy¬ 
chology, I955, _68, 209-222. 

Augenstine, L. J. Human performance in information transmission, Part VI; 
Evidence of periodicity in information processing. U. of Ill. : Control sys¬ 
tems Laboratory Report. R-75, 1958. 

Augenstine, L. J., Blank, A. A., Quastler, H., and Wayne r, M. Human per¬ 
formance in information transmission, IV, Flash recognition of familiar dis¬ 
plays. U. of Ill. : Control systems Lab. Report, R-69, 1956. 

Ax, A. F. The physiological differentiation between fear and anger in humans. 
Psychosom, Med,, 1953, 15, 433-442. 

Bahrick, H., Rankin, R. E. and Fitts, P. M. The effect of motivation upon pe¬ 
ripheral perception during the performance of a central psychomotor task. 
USAF Human Resources Res. Cent, Rea. Bull., 1952, 52-54. 

Baker, Katherine E., Wylie, Ruth C. , and Gagne, R. M. The effects of an inter¬ 
fering task on the learning of a complex motor skill. J. exp. Psychol., 1951, 

41, 1-9. 

Baker, L. M., and Taylor, W. M. The relationships under stress between 
changes in skin temperature, electrical s.dn resistance, and pulse rate. _J_. 
Exp. Psychol., I954, 48, 361-366. 

Banghart, F. W., Bachrach, A. J., and Pattishall, E. G. Studies in problem 
solving. September 1959. Contract Nonr-47408. Div, Educ. Research, Umv, 
of Virginia, Charlottesville, Va. 

Barry, J. R., Fulkerson, S. C. and Sells, S. B. Adaptability screening of flying 
personnel. Research on the McKinnei reporting tests. Rcpt. 56-5. Air 
University sch. of Aviation Medicine, USAF Randolph AFB, Texas. March 
W5F.-- 

Bartlett, F. Effects on human performance of various stress conditions. FPRC 
No. 961. January 1956. 

Bartlett, N. R. and Bartlett, S. C. Synchronization of a motor response with an 
anticipated sensory event. Psychol. Rev. 1959, 66, 203-2D3. 

Basowitz, H., Persky, H., Korchin, J., and Grinker, R. Anxiety and stress. 
New York: McGraw-Hill, 1955. 

Beam, J. C. Serial learning and conditioning under real-life stress. J. abnorm, 
soc. Psychol., I955, 51, 543-551. 

Beischer, D. E. Effect of simulated flight stresses on the concentration of serum 
cholesterol, phospholipid and lipoprotein. J. aviat. Med,, 1956, 27, 260-266. 

Beurle, R. L. Properties of a mass of cells capable of regenerating pulses. Phil. 
Trans, Royal Soc,, London, Series B. 1956 240, 669, 55-94. 



Bevon, W., and Patton, R. M. Selected bibliograp’ay: fatigue, stress, body 
change and behavior, WADC Technical report 57-125 AML Contract No. AF 

'■ 33(616)-3745, Proj. No. 6335, Task No. 61614. April 1$57. 

■ Bideman, A. D., and Schein, E. H. The relevance for the social sciences of 
knowledge derived from studies of stressful captivity. BSSR Research Report 
339-2, Contract No. AF 49(638)727, March 1961. 

Bilinski, C. R. A human engineering study of U. S. Navy Test equipment. Naval 
ElectronicP Laboratory, April 1957. 

Bindra, A., and Cameron, Lois. Changes in experimentally produced anxiety 
with the passage of time: Incubation effect. J. Exp. Psychol. 1953, 45, 197- 
203. 

Birney, R. C., Burdick H., and Tee van, R. C. Measuring elements of need 
achievement. Ann, Rept. 1958-1959. ONR Contract No. Nonr 2309(02). Dept. 
Psych. Amherst College. ™~~ 

Bitterman, M. E. and Holtzman, W. H. Development of psychiatric screening of 
flying personnel. USAF Sch. Aviat. Med., 1952 Proj. No. 21-37-002, Rept. No> 

Black, J. W. The reading of messages of different types and number of syllables 
under conditions of delayed side-tone. 1958. The Ohio State University Re¬ 
search Foundation. Contract N6 ONR 2Z525. 

Bliss, E. L., Migeon, C. J., Branch, C. H. H., and Samuels, L. S. Reaction 
of the adrenal cortex to emotional stress, Psychosom, Med., 1956, 18, 56-76. 

Blockley, W. V., and Lyman, J. Studies of human tolerance for extreme heat. 
Part IV, Psychomotor performance of pilots as indicated by a task simulating 
aircraft instrument flight. Air Force Tech, Rept, 6521, 1951. 

Board, F. ; Persky, H. and Hamburg D. A. Psychological stress and endocrine 
functions; blood levels of adrenocortical and thyroid hormones in acutely dis¬ 
turbed patients. Psychosom. Med., 1956, _18, 324-333. 

Bovard, E. W. Anote on the threshold for emotional stress. Psychol Rev., 1961 
68, 216-218. 

* Briggs, G. E., Fitts, P. M., and Bahrick, P. P. Learning and performance in a 
complex tracking task as a function of visual noise. J. exp, Psychol., 1957, 

. 53 379-387. 

Broadbent, D. E. Listening to one of two synchronous messages. J. exp. Psychol. 
1952, 44, 51-15. 

Broadbent, D. E.- The twenty dials and twenty lights test under noise conditions. 
APU 160/51. Oct. 51. Medical Research Council, Applied Psych, Res, Unit, 
The Psychological Lab., Cambridge. 

Broadbent, D. E. Speaking and listening simultaneously.. J. exp. Psychol., 1952 
43, 267-273. 



Broadbent, D. E. Listening between and during auditory distractions. Brit, J. 
Psychol., 1956, 46, 51-60. —~-~™ 

Broadbent, D. E. Immediate memory and simultaneous stimuli. Quart. J. exp. 
Psychol., 1957a, 9, 1-11. 

Broadbent, D. E. (1957b) A mechanical model for human attention and immediate 
memory. Psychol. Rev,, 1957b, 69, 205-215. 

Brown, J., Forber, J. E. Emotions conceptualized as intervening variables with 
suggestions toward a theory of frustrations. Psychol. Bull., 1951, 48, 465- 
495. -- 

Brozek, J. and Taylor H. Tests of motor functions in laboratory investigations of 
fitness. USAF Sch. Aviat. Med. Proj. Rep., 1954, Proj. No. 21-32-004 (Rep. 
No. 4). - - 

Brush, F. R. Stimulus uncertainity, response uncertainty, and problem solving. 
Ganad, J. Psytehol., 1956, 10, 239-247. 

Buckner, D. N, and Harabedian, A. Human performance as a function of drive 
and incentive motivation. December 1959 Contract NONR-245300. 

Buel, J. Development of a "falling hammer" for producing psychological stress, 
AAF, Sch, Aviat, Med,, Randolph Field, Tex., Proj. 285, Rept, 1, July 1944. 

Burns, N. M., and Gifford, E. C. Human engineering investigations of aircraft 
cockpit visual displays. Parti: true estimation and anxiety. 29 Jan. 60. 
Kept. No. NAMC-ACEL-424, Proj. TED No. NAM AV-43001. 

Bursh, P. J., Lotterman, J. G. and Shoenfield, W, N. The efficiency of pursuit 
of rotary performance during experimentally induced anxiety. Rept, 57-28, 
April 1957, USAF School of Aviation Medicine, Randolph Air Force Base, Texas 

Cameron, C. and Corkindale, K. G, The psychologist's role in the development 
of air defense systems. FPRC Memo 103, Oct. 59. 

Carlson, Virgil R. and Lazarus, R. S. A repetition of Me/er Williams' study of 
intellectual control under stress and associated rorschach factors. J. consult. 
Psychol., 1953, Hi 247-253. 

Casteneda, A. Effects of stress on complex learning and performance. J. Exp. 
Psychol, 1956, 52, 9-12. - 

Casteneda, A., and Palermo, D, S. Psychomotor performance as a function of 
amount cf training and stress. J, Exp. Psychol., 1955, 5£, 175-179. 

Chapanis, A. A rate of making complex decisions, Rept. No. 166-1-208, 1958, 
Contract N5orl-I6601. 

Charles, H. It Mech, E. Performance in an operational "stress" situation related 
to a projective technique. J. Educ, Res,, 1955, 48, 509-519. 

Chenzoff, A, P,, Flores, I., Crittenden, R. L. , Frances, A. S. , M ackworth, 
N. H., and Tolcott, M. A. Human decision making as related to air surveil¬ 
lance systems. Tech Rept. No. 1, A survey of literature and current research. 

84 



AFCCDD-TR-60 ¿5. DA Rcpt. )00-1. 10 June 60. Contract AF 19(604)-6164. 
Dunlap and As3oc., Inc., Stamford, Conn. —" - 

Chiles, W.D. Psychological stress as a theoretical concept. WADC Technical 
Report 57-457. Proj. No. 7193. - 

Chiles, W. D, Effects of shock-induced stress on verbal performance. WADC 
Tech. Rept. 58-117. Proj. 7193; Task 71615, June 1958. 

Clark, R,, Jr,, Lahn, D, W., and Holmes, T. H. The relationships of stress, 
adrenocortical function and tuberculosis. Amer. Rev. Tuberc.. 1954. 69. 
•J m _ Ttn --1---*1 ‘■7J I 71 

Clements, F. W, Stress in children: The study of a group of pre-school children. 
World Ment. Hlth.. 1956, _8, 126-139. 

Cohen, J. D,, and McKelvey, R. K. The behavior of individuals and personnel 
systems in the surveillance functions of an air defense direction center. III. 
Distribution of responses with respect to job functions. Research Rept. 
No. AFPTRC TN-55-llp June 1955. - 

Cohen, S. I., Silverman, A» J,, and Shmavonian, B. M. Psychophysiological 
mechanisms of stress responsivity. Semi Ann. Rent, for Period Anr-Ort 60. 
Contract AF 49(638-354). -C-*-- 

Combs, A. W. and Taylor, C. The effect of perception of mild degrees of threat 
on performance. J. Abnorm. Soc. Psychol,, 1952, 47, 420-424. 

Combs, C. H., and Pruitt, D.G., A study of decision making under risk. Re¬ 
port of Project Michigan, U.S. Army SiKnal Corps. Dept, of the Army. Con- 
tract DA-36-039 SC-78801.~ril 196(). ---L - 

Conrad, R. Speed, load, stress. Brit. J. Indus, Medicmo, 1951, 8. 

Conrad, R. Comparison of paced and unpaced performance at a packing task. Gt. 
Brit« Med. Res. Council. Appl. Psychol. Res. Unit, Cambridge. Engl., 
Rept. 219. July 1954. -*—■ h f- 

Conrad, R. Missed signals in a sensorimotor skill. 
1-9. 

J. Exp. Psychol,. 1954, 48, 

Conrad, R. Adaptation to time in a sensorimotor skill, J. Exp. Psychol., 1955, 

Conrad, R. Some effects on performance of changes in perceptual load. J. Exp. 
Psychol.. 1955, 49, 313-332. -*- 

Conrad, R. The timing of signals in skill. J, Exp, Psychol.. 1956, 51, 365-370. 

Conrad, R. & Hille, B. A., Self Pacing Performance as a Function of Perceptual 
Load JL Exp. Psychol. f 1957, j>3, 52-54. 

Coppock, H. W. Responses of subjects to their own galvanic skin responses. J. 
abnorm, soc. Psychol., 1955,^0, 25-28. — 

Cotterman, T. E. Task classification: an approach to partially ordering informa¬ 
tion on human learning (1959).WADC technical Note 58-374. Wright Air Develop¬ 
ment Center. r 

85 



! 

! 
I 

T'Vi™:; .«mu¡1.T“¡:po„i.,.'‘íir„tiThéiin rprorh, based,on the -°p»- 

' C°Tt”' .oivUg ^UUyU,^a°bn0V;my.lnS8o;k,g¿:::H0„í ?‘r»l P-»- • 

Cra^n,Jin Tp.v.'h1". e°r,01 îT'rr/.H"-.Man“in 

Ann. Summ.^ii^1, ^onTrl^‘n °| P^lointcrpretotion 
Psych., Tulta Univ. , Medford 55, Mass. ^ D 59‘ 1 f°r app1, ExP‘ 

Annual Summlr?!.^)°D* "'çèXTJ Non,-4^4 °f P1“'toi"*"P>-«“tion 

^ 1-- -y..«- in pursuit 

CUDRCLRt;,C-^ nt7s‘V.!1,".1^ 1°' lhe recording of sweating rate. 

^iigk¿»¿I*Si^"rWa^hin¿to^!ya°ay3N!L1gyRsfs'‘counclir^wfpp7^17^ 

ford: Stanford Univ. rrnooT'l VjT. mai^' an exPerimenta^ approach. Stan- 

Öavidson, W. Z. Indicators of behavior de crement • ¡9 Th* »ff» ♦ <• a 
of stress and anxietv on nerfoi-mar.^» r at effects of two types 

£nZ °9 Afg!,-1 P‘yCh<1"" "n‘ver- Sl M»^dryro.i|aDA.4V6oTMPD.?j2M<i-- 

î“iv.y - 
Davis, S. W. Stress in combat. Sei, Amer.. 1956, 194(3). 31-35. 

de CTa.ch‘,REÍ^-NrtW,U11"r^- J- SlUdi'“ ln th' psychology of aggression teen. KEPT. No. a, l..lTloao| .. men. y 1 aggression. 

de ^ouT.Vmo, '"wa^MngTon^. JJuff|-;^ m ,h<: P"V^"-"rY "f St. 

Rn«d..rrr'd jo,nl1’'by lhe u"‘v"s'ly 

P<eSin le»n^ng.aT’ex;5^^60^ J'J"ÏÏ'?A -Auction, and stress 

SO 



Deese, J, and Lazarus, R, S, The effort« >->f pnycholoßical stress upon perfor- 
,. manee a theoretical framework. Revised (1^) "reprint of original I953 ver- 

. slon. 

. Deese, J, and Lazarus, R, S. The efiects of psychological stress upon perceptual- 
motor performance. The Johns Hopkins U. Proj. No. 509-020-0003. Con- 
tractNo. AF 33(038)-17252. Res. -- - 

Domanski, T. J., Swan, A, G., Wells, J, G,, and Hughes, Lora Belle, Physio¬ 
logical relationships in human stress responses, Part I Eosinophil response to 
muscular activity. USAF Sch. Aviat. Med., Randolph Field. Tex.. Proi. 21- 
32-025, Rep. No. 1,17517- -^¿- 

Domanski, T. J. Human stress response in jet aircraft operation. Rep. 57. 16 
?lC„e,T1.-er ^56> Pcpt. o* Pathology, USAF School of Aviat. Med7Randolph 
AFB, Texas. ——————— 

Domanski, T. J. The stress concept applied to flying. J. aviat. Med,, 1957, 28, 

F• Coagulation t^me of the blood, leve ' of blood eosinophils and throm¬ 
bocytes unde^ emotional stress. J. Psychosom. Res., 1956,_L 252-257. 

Duncan, C. P. Recent research on human problem solving, Psychol. Bull., 1959Î 
56, 397-429. —1- 

Easterbrook, J. A. The effect of emotion on cue utilization and the organization 
of behavior. Psychol. Rev,, 1957, 66, 183-201. 

Edwards, W. The theory of decision making. Rept. no. 166-1-182, 8 April 1954, 
Contract N5 ori-166, T, O. 1. -C- 

Ekman, P. Psychological reactions to basic training. Final Rept,, Project 6-60- 
Cl-022. 25 August I960. Mental Hygiene Consultation Serv., Walson Army 
Hospital, Fori üix, New -L 

Eriksen, C. W, Some personality correlates of stimulus generalization under 
■tress. J, abnorm, soc. Psychol., 1954, 49, 561-565. 

Eriksen, C. W. and Hake, H. W. Absolute judgements as a function of the stimu¬ 
lus range and the number of stimulus and response categories. The Johns 
Hopkins U. WADC Technical Report 54-162, April 1954. 

Ericksen, C, W. Partitioning and saturation of visual displays and efficiency of 
visual sparch. J. appl Psychol., 1955, 39, 73-77. 

Ericksen, C. W. and Hake, H. W, (1955) Absolute judgements as a function of 
stimulus range and number of stimulus and response categories. J. Exp. 
Psychol., 49, 323-332. -^ 

Eriksen, C, W. and Wechsler, H, Some effects of experimentally induced anxiety 
upon discrimination behavior, J. abn. soc. Psychol., 1955, 51, 458-463. 

Erikson, L, W,, Lazarus, R. S., and Strange, J. R, Psychological stress and 
its personality correlates. Part II, The rorschach test and other personality 
measures. J. Pers., 1951-1952, 20, 277-286. 



EBtechoïl,£n^’ aT.fVtaV8tÍCa/ aPProach to lt:‘lrning theory. In Koch, S. (ed) Psy- 
•' T7°l Pj °f 3 Bcience‘ V* ^1' pon«)ral aystematic formulations, T5i&n- 

in8' »«d special processes. New Tïïrk: McGraw-Hill, 1959, 380-491. 

' Falk«tÍl--‘' fnd BÍn<Í5a* P*, Judgnicnt of tim«; as a function of serial posit ion and 
»tress. J. exp. Psychol.. 1954, 47, 279-282. 

FarbHÍ« Lf E•, a"d SPence, K. W. Complex learning and conditioning as a func¬ 
tion of anxiety. J, Exp, Psychol., 1953, 45, 120-125. 

FÍel1ó¿allín¡¡4‘’ nnd D^ära' S* W* Fatigue and »tress symposium 24-26, January 
bey RC,‘ 0ít'' Pr0^ Doughb°V» Tech. Memo. ORO-T-185, Septem«^ 

FÍSC383l386 and AgneW' N< A heirarchy o{ stressors. J. Ment. Sei,. 1955, 101^ 

í 
Fitts, P. M. and^ëeger, C. M. S-R compatibility: spatial characteristics of 

stimulus and response codes. J, exp. Psychol., 1953, 46, 199-210. 

FÍtt8**k-Pl M'iJ.TJhe formation capacity of the human motor system in controlling 
tne amplitude of hand movements. J. exp, psychol.. 1954, 47, 381-391, 

Flaherty, B. E. , Flinn, D. E., Hauty, G. T., and Steinkamp, G. P. Psychiatry 
and space flight. Sch, Aviat. Med. Kept. 60-80, September I960. 

FUckinger D. (Brigadier General) The U. S. Air Force human factors program. 
Ir. Man in ppace (ed. ) Gantz G. F. New York: Duell, Sloan and Pearce, 1959, 

F0X* ï?' Psychological and pituitary-adrenal responses to stress. Research 
..Pd Development Div., Office of the Surgeon General Dept, of the Armyl- 
Wa^ngionia, u. c. Contract No. /-MD.¿li: janua?7-7Tri959. 

FreT954,R47%7P3ltern reco*nition in the science of visual noise. J. exp. Psychol. 

FrCntCah.k^;vlLh: rifeC‘°f1 ï8tru«ion th« length-difficulty relationship for a 
task involving sequential dependency. J. exp. Psychol.. 1954, 48, 89-97. 

French, Elizabeth G. Interrelations among some measures of rigidity under stress 
and nonstress conditions. J. abnorm. Soc, Psychol.. 1955, 51, 114-118. 

FrÍenó CTÄn TCt0u8, eV,alUatÍOn OÍ 8even digitai readout indicators. Proj. 
,-nt>« TBl-1000. Technical memo no. 5-60, July I960, -- 

Funkenstein^Daniel H. The physiology of fear and anger. Sei, A.ner., 1955, 

Funkenst^in. D. H., King, S. H., and Drolette, M. E. Mastery of Stress. Cam¬ 
bridge, Mass.. Harvard University Press, 1957. - 

FU,Ü?unhs^i«r«*aaíd*i.Mea,de' LydÍa W* Nor"epinephrine-like and epinephrine-iike .nm'o." ?iMond to 
«8 



Gagne, R, M. An analysis oí two problem-solving activities. Research bull, no, 
• AFPTRC TR-54-77. December 1957. 

Gardner, R. A. Perception of relative frequency as a function of the number of 
stimulus and rerponse categories, Rept. no. 328, ARML Proj, No. 6-95-20- 
001. 7 April 1958. 

Gardner, R, A. and Forsythe, J. B. Low-choice decision-behavior with compound 
critical events, Rept, no, 435, AMRL proj. no, 6X95-25-001-02; Rept, no. 
435, September 19 ¿01 

Garner, W. R. An informational analysis of absolute judgments of loudness. _J. 
exp. Psychol., 1953, 46, 373-380, * 

Gerathewahl, S. J. Psychological problems of selection, holding, and care of 
space fliers. V Special rept, 13 November 1959; reports control symbol CSCRD- 

1,, 
Gerty, Francis, Importance of individualization of treatment in the aging period. 

Geriatrics, 1957, 12, 123-129. 

Glassner, H. F. and Peters, G. A. Effects of mental task difficulty on physio¬ 
logical response. Supported in part under Contract Nonr 1076(00) between the 
office of Naval Research and the El. Segundo Div. of the Douglas Aircraft A. 
AÃigusT'1959'i- 

Glassner, H. F. and Peters, G. A. Bio-electronic analysis of performance. Con¬ 
tract Nonr 1076(00) between the office of Naval Research and the Douglas Air- 
craft'CÕ7 PAG Eng, paper'No. 897. M¿rc"Kl^ 

Goldiamond, I. and Hankins, W. F. Vexierversuch: The log relationship between 
word-frequency and recognition obtained in the absence of stimulus coords. 
J. exp. Psychol., 1958, _56, 457-463. 

Goldsmith, Helen Jacobs. Physiological correlates of psychological stress with 
special emphasis on recovery rate. Ph. D. Dissertation, Temple University, 
1957. 

Goldstone, S, Flicker fusion measurements and anxiety level. J, exp. Psychol., 
1955, 49, 200-202. 

Gorham, W. A. and Or r, D. B. Research on behavior impairment dueto stress. 
Contract No. AF 41(657)-39, September 1957. A. I. R. Washington D, C. 

Gottsdanker, R. M. The accuracy of prediction motion. J. exp. Psychol., 1952 a, 
43, 26-36. 

Gottsdanker, R. M. Prediction-motion with and without vision. Amer. J. Psychol. 
1952 b, _65, 533-543. 

Gottsdanker, R. and Senders J. Reaction to sequences of signals. MH Aero docu- 
ment no. U-ED 6108. 10 February 1959. 

Graham, C. H. Formal papers given at the 6th annual general meeting of the ex¬ 
perimental psychology group. Technical rept. no ONRL-18-53, 16 February 
1953. 



i 

Gregg, L. W, The effect of stimulus complexity on discrimination responses. 
J. exp, Psychol., 1954, J8, 289-297. 

Grice, G. R. Discrimination reaction time as a function of anxiety and intelli¬ 
gence. J. abnorm, soc. Psychol., 1955, 50, 71-74. 

Grinker R. R. and Spiegel. Men under stress. Philadelphia: Blakeston. 1945. 
460 pp. ™_~_. 

Gustafson, H. W,, Honsberger, W. D., and Michclson S, Determination of task 
analysis content in: uses of task analysis in deriving training and training 
equipment requirements. WADD Technical Report 60-593, December I960. 

Haggard* B. A. Psychological causes and results of stress. In: Human factors 
in undersea warfare. Washington D. C., Nat Res. Council 194^- - 

Hake, H. W, and Garner, W. R. The effect of presenting various numbers of 
discrete steps or scale reading accuracy. J. exp. Psychol., 1951, 42. 358- 
366, --- 

Halmosh, A. F. Sur les modifications sanguines pendant 1-emotion. (Recherches 
faites sur des etudiants en médecine, (Blood changes in emotion. (A study 
of medical students.)) Encéphale, 1953, 42, 250-273.^ 

Harding, D. W. Rhythmisation and speed of work. But, J, Psychol,, 1932, 23, 

Harris, J. S. Voice communication: effect of stress conditions on speaker in¬ 
telligibility. USN Spec. Dev. Cent, Tech. Rept. 104-2-10, Proj. 20-K-l. 

Harris, W., Mackie, R, R,, and Wilson, C. L. (Human Factors Research, In., 
Lob Angeles, Calif.) Performance under stress: a review and critique of 
recent studies. Tech. Rept. No, 6 on research on the development of oerfor- 
mance criteria. July 1956. _____ x-c- 

.< Hawkes, G. R,, Bailey, R. W,, and Warm, J. S. Method and modality in judge¬ 
ments of brief stimulus duration. Rept. on studies of complex behavioral 
processes, 15 September I960, AMRL PrõjT ~Nb7"6X95-25-~ò'òl-õ5; Rept.-flo. 

Hebb, D. O. Organization of behavior. New Jersey: Wiley, 1949. 

Helson, H. Design of equipment and optimal human operation. Amer. J. Psvchol.. 
1949,,62^ 473-47^. -L- 

Henneman, R. H. Factors influencing complex decision-making behavior. First 
Annual report. Contract No. DA-49-007-MD-537. 15 June-31 October 

Henneman, R. H. Conditions influencing choice behavior in multiple task situa¬ 
tions. Sixth Annual Report, Contract No. DA-49-007-MD-537. 31 Jan. 1959- 
31 January i960. - 

Herman, L, M, Processing of information on an auditory tracking and an auditory 
judgment task presented simultaneously. Unpublished Doctor's Thesis. The 
Pennsylvania State Universiy, 1961. 

90 



Hetzel, B. S., Schottstaedt, W. W., Grace, V/. J., and Wolff, H. G. Chane« in 
,, urinary nitrogen and electrolyte excretion during stresaful life experiences 

and their relation to thyroid function. J. PsychoBom. Res. , 1956, 1, 177-185. 

Hetzel, B, S., Grace Vf. J,, and ^folff, H. G. General metabolic changes during 
stressful life experiences in man. J, Psychosom. Res., 1956, 1, 186-202. 

Hick, W. E. On the rate of gain of information. Quant J. exp. Psychol,, 1952, 4, 

Hick, W. E. and Bates, J. A. V. The human operation of control mechanisms. 
Ministry of supply monograph 17. 204. 1950. 

Hick, W. E. and Welford, A. T. Comment on Elithorne and Lawrence. Quart. 
J. exp. Psychol., 1956, £, 39-41. 

Hilgard, E. R., Jones, L. V., and Kaplan, S. J. Conditioned discrimination as 
related to anxiety. J, exp. Psychol., 1951, 42, 94-99. 

Howell, W. C., and Briggs, G. E. Information input and processing variables in 
man machine systems: a review of the literature. Technical Report 
NAVTRADEUGEN 508-1, 26 October 1959. 

Hodge, M. H. The influence of irrelevent information upon complex visual dis¬ 
crimination. J, exp, Psychol., 1959, j>7, 1-5. 

Holtzman, W. H., Calvin, A, D., and Bitterman, M. B. New evidence for the 
validity of Taylor's manifest anxiety scale. J. abnorm, soc. Psychol., 1952, 
47, 853-854. 

Holtzman, Wayne H. and Bitterman, M. E. A factorial study of adjustment to 
stress. J. Abnorm, soc. Psychol., 1956, _52, 179-185. 

Holtzman, W. H. and Bitterman, M. E. Psychiatric screening of flying personnel: 
VI-anxiety and reactions to stress. USAF School of Aviation Medicine, Proj. 
No. 21-37-002, Rept, No, 6. December 1952. 

Hostetter, R. Information processing factors influencing performance. In: Elec¬ 
tronic Systems Division Tech. Rept. 61-33, Hanscom Field, Bedford, Mass. 
(in press), 1961. 

/V 
Hostetter, R. Display Problems in Aerospace Surveillance. Part I. A survey of^ 

Display Hardware and Analysis of Relevant Psychological Variables. Electronic 
Systems Division; AFESA-TR-61-33, Hanscom Field, Bedford, Mass. 

Hurst, P. M., and Siegel, S. Prediction of decisions from a higher ordered metric 
scale of utility. J. exp. Psychol., 1956, _52, 138-144. 

Hurst, P. M. Research program, task-induced stress. Unpublished manuscript, 
prepared August 1961, 

Hyman, A. Potential uses of alternate binocular presentation in studies of vision 
and as an indicator of physiological stress. March I960, 17 pgs., incl. illus. 
14 refs. (Project 7183: Task 71617) (WADD TR 60-302.) 



Hyman, R. Stimulus information as a determinant of reaction time. J. exo. Psy¬ 
chol., 1953, 45, I88-I96. -*--^ 

Jay, E . S, and McCornack, R, L. Information processing under overloading con¬ 
ditions. Amer. Psychologist, July I960, 496. 

Jeantkeau, G. The differential effects of speed and load stress on task performance. 
WADC Tech. Rept. 59-7, 1959. 

Jenkins, J. J. and Lykken. Individual differences. Psychol. Rev., 1957, 8, 79- 

Johnson, Richard A, Model 16 automatic blood pressure measuring instrument. 
Research Rept. 16-4F. December 1959, WADC Tech. Rept. 59-429. Con- 
tract Af^ 33(616)-5829. Aerospace MedicärLab. , WAD 157^ 

\ 
Kamin, L. J. Rolations between discrimination apparatus stress and the Taylor 

»cale. J. abnbrm, soc. Peychol., 1955, 51^ 595-599 

Katchmar, L. T. Indicators of behavior decrement. Department of Psychology. 
Re8, and Dev* »oard. Proj. DA-49-007-MD-222, (O.I. 19-52) 

Katchmar, L, T. Indicators of behavior decrement: 15. Anexploratoryinvestiga- 
tion in the use of self-paced tests as indicators of behavior decrement. Col¬ 
lege Park, Md. : Inst. Appl. ^sych. , Univer. of Maryland, Inst. Appl. Psych. 
University of Maryland, Proj. DA-49-007-MD-222, 1953. 

Katchmar, L, T. Indicators of behavior decrement; 22, The effects of stress, 
anxiety, and ego involvement on "shift" task performance^ College Park, Md. 
Inst. Appl. Psych., Univer. of Maryland, 1953, DA-49-007-MD-222. 

Kausler, D. H. and Trapp, P. E. Methodological considerations in the construct 
validation of drive oriented scales. Psychol. Bull., I960, 56, 152-157. 

Kausler, D, H. and Trapp, P, E. Motivation and cue utilization in intentional and 
incidental learning. Psychol. Rev., i960, 67, 373-379, 

Kendler, H. H. Experimental analysis of problem solving behavior. Periodic 
Status rept. ; Contract NONR-28530. 15 May 1958. - 

Kerr, A. C. The effect of mental stress on the eosinophil leucocyte count in man. 
Quart. J. exp. Physiol., 1956, _41, 18-24. 

Kerrick, Jean S. The effects of manifest anxiety and I.Q. on discrimination. J. 
abn, soc. Psychol., 1956, 52, 136-138. “ 

Kidd, J. S. A comparison of two methods of controller training in simulated air 
traffic control task, A study in human engineering aspects of radar air traffic 
control. WADC Tech. Rept. No. 58-449, Contract AF 33(616)-3612. Jan. 1959. 

Klemoner, E. T. and Muller, P. F., Jr. The rate of handling information: Key 
pressing responses to light patterns. USAF Human Factors Opns. Res. L,ab. 
Memo Rept, 34, 1953. -- 



Knobloch, F. Kota zee mereni vegetativnich a motorickych priznaku emoce u 
paychoneuros. (Measurement of autonomic and motor reaction of neurotic per¬ 
sona under emotional stress« ) Neurol. Psychiat. Ceskoslov«, 1951, 14, 65-76. 

Knowles, W. B., Garvey, W. D., and Nowlin, E. P. The effect of speed and load 
on display - control relationships, J. exp. Psychol., 1953, 46, 65-75, 

Korobow, N. Reactions to stress: A reflection of personality trait organization. 
J. abnorm, soc, psychol., 1955, J51, 464-468. 

Kramar, J. Peetz, D. J., It McCarthy, H. H. Capillary response to emotion. 
Psychosom, Med., 1954, M, 393-397. 

Krause, M. S. (1961) The measurement of transitory anxiety (Psychol. Rev,, 1961, 
68, 178-190. 

Krugman, H. E. Flicker fusion frequency as a function ofvinxiety reaction: An 
exploratory study. Psychosom. Med. 1947, _9, 269-272, 

Krulee, G. K. Some informational aspects of form discrimination. J. exp. Psy¬ 
chol. , 1958, 55, 143-149. 

Krulee, G. K., Podell, J. E., and Raneo, R. G. Effect of nurriber of alternatives 
and set on the visual discrimination of numerals. J. exp. Psychol. 1959, 48, 
75-80. 

Krulee, G. K. and Sinclair, E. J. Some behavioral implications of information 
theory. Naval Res. Lab, NLR Rept. 4119. 1953, 

La May, M. F. The psychological refractory period and auditory tracking. Un¬ 
published Masters* thesis, I960, The Pennsylvania State University. 

Lazarus, R. S., Jeese, J. and Hamilton, R. Anxiety and stress in learning: The 
role of intraserial duplication. J. exp. Psychol., 1954, 47, 111-114. 

Lazarus, R. S., Deese, J., and Osier. Sonia F. The effects of psychological 
stress upon performance. Psychol. Bull. 1952, 49, 293-317. 

Lazacus, R. S., and Eriksen, W. W. Effects of failure stress upen skilled perfor¬ 
mance. J. exp, Psychol., 1952, 43, 100-105. 

Leonard, J. A. Factors which influence channel capacity. InQuaster: H. (Ed)Jn- 
formation theory in psychology. Glencoe, Ill.: Free Press, 1955, 306-314. 

Lewinsohn, M. Some individual differences in physiological reactivity to stress. 
J. comp. Physiol, Psychol., 1956, 49, 271-277. 

Lindahl, L. G. Movement analysis as an industrial training method. J. Appl. 
Psychol., 1945, _29, 420-436. 

Lindslev. D. B. A study of performance under speed stress. Dept. Commerce, 
Wash,, D. C. OSRD Publ. Bd. No. 18381, 1945. 

Lloyd, K. E. Studies of short term retention: Recall of unrelated items in a se¬ 
quential task. Res. Rep. WSU-1, Contract No. AF 49(638)-805, June I960. 



Loeb, M. and Schmidt, E. A. Influence of time on task and false information on 
* fiir: ,cy of re8P°nding to pure tones. Kept. No. 426, USAMRL Proi No 

. 6X95-25-001 -01. 5 July i960. -^--—— y °)‘ No‘ 

• Lofchie* S. H. The performance of adults under distraction stress: A develoo- 
mental approach. J. Psychol. . 1 955,2!» 109-116. P 

Lovett^Do^ J. W^. Stress and psychopathology in stutterers. Cañad. J. Psychol. 

Lovett-Doust, J. W., fe Schneider, R. A. Studies on the pNysiology of awareness 

?" 67-78etrÍCally m0nit0red controlled Btross test. Cañad. J. Psychol. , 1955, 
WÊ—& 

Lyhrand, W. The «««et» of psychological stress in reasoning performance, Dept. 
Maryland» College Park, Md. : Proj. DA-49-007-MD-222P 

(Q. I. 19-52) Tech Rept. No. 18, July 29, 1953. ¿ -- 

MacCorquodale, K. and Meehl, P. , On a distinction between hypothetical constructs 
and intervening variables. Psychol. Rev.. 1948. 55. »cai constructs 

Mackworth, N. H. and Mackworth, J. F. , Remembering advance areas during 

r/oH A%srbsrhldKv,^Und; p^ao1- 

. r¿í:°£\í0^;.——-—d— 
Mackworth^ N. H. Research on_the measurement of human performance, Gt. Brit. 
^r"n¿ol COUnCilt AppL Psych- Unit» Cambridge. Engl., Spec. Re^ü~Ser." 

MaC AméaUn JF,pa.vÍh^rg^thioN,lH~ ThC °vcrlapPing of signaU íor 

Mahi, G. F., and Brody, E. B. Chronic anxiety symptomatology, experimental 
stress, and HCI secretion, AMA Arch. Neurol. Psvchiat. . 1954, 71^ 314-325. 

Malmo, FL^B^Activation: A neuropsychological dimension, Psychol Rev.. 1959 

Mangelsdorf, J. E. Variables affecting the accuracy of collision judgments on 
radar-type displays. USAT WADC Tech. Rept. . No. 55-462. Dec. . 1955. 

Marrro,^KÍthnn‘ proMems in troops in Korea during and following 
combat, y. S. Armed Forces Med. J.. 1956,2» 715-726. 

Math2eonyL T' rrÍ°íí”fwCiC Ín radar vcctoring- SPECDEVCEN Project 
March 1955 1 e N6 °ri‘71 Techtu<-^1 Report SPECDEVCEN 71-16-14 28 

McCleary, R. A., Palmar sweat as an index of anxiety: A field method suitable 

^ úrtui^Pn:3—°lph Tex >: Sch- Aviat- Mcd- Proi- 21-1207- 

°4 



■1 

T "V~ 

■ MCGWADCTTechnirríÍ¿jearyf%fl,¿‘' Iranquilizin8 druSs and «tress tolerance. WADC, Technical Report 58-64. October 1 958. 

. McInt°’h- Jh' ‘ "'«^tlon-handUnB capacity of the human a. a function of 
^aincharacteH.tic. of the .timulu» set. Ohio State U,, Contract AF tt 

MCKDivr Tech'„ic"aÍR^oor0rMr0iC,e\“,m8 hu?a" 8y“cm*- In- Electronic System. 
V- Report 61-33, Hanscom Field. Bedford. Mass, (in press) 1961. 

MCKÄ; J‘i De^»ion-maklng behavior in a three-choice uncertain outcome 
situation involving differential payoffs and triple events (in press) 1961. 

McKinney, L., Strother, G. B., Hines, Ruth R., and Allee. Ruth A ExnerimArttai 
frustration in a group test situation. J. Abnorm. Soc. Psychol/1 9sf. 46, 316^ 

B*ahrÍTk,reH‘ P*’ andFitt3, P. M. Incentive, anxiety, and the hu¬ 
man blink rate. J. Exp. Psychol.. 1953, 45, 183-187. 

Mey*f ’ fE- ^ÍUte. P87?11®},081*1 disturbances in the course of hospitalization of pa¬ 
tients with chronic illness. J. Chronic Pis. , 1956, 111-121. ^ 

MÍ111960AôfSf;,fy7PMO8ÍTnOn "Tht biol°Ey 0f 6Pace travel." London 29-30 Sept. 
i”60 P^iee °i Naval Research Tech. Report ONRL-C-22-60. V 

Miller, G. A. The magical number seven, plus or minus two, or some limits on 
our capacity ^or processing information. Psychol. Rev.. 1956, 63, 81-97. 

MÍlleT»rí‘ S\A ÍOr the development of stress-sensitive tests. PRB * 
29562000. 2’ °Ct‘ Contract DA-49-083 OSA-611. B-8-154. Army Proj. 

h4iller, J G. The development of experimental stress sensitive tests for predict- 

rLt DA-r4n9-S83 T!Ch* PRB 1079. Oct 53. Con¬ tract DA 49-Ü83-OSA-611, B-8-154. Army Proj. 29562000. 

of ba.ic SR concept. : exten.ion. to conflict behavior, 
”°“V*.“0",-,ln?.,°fi^.learî,lî*- K°<*. S. (Ed) Psychology: A Study of a 
science, Vol, H, N. Y. : McGraw-Hill, 1959. ——————-— 

MitCaÖr;„J:(ft',; lnd TUt,l*• ,W- W- 'nnue"ce °< exerci.e., emotional stre.., and 
f,ge,°L *iatic neuromuecular tremor magnitude. Res. Quart. Amer Ass 
Health Phyg. Educ. . 1954, 2^ 65-74. -er> A88, 

Montague,,^ role anxiety in serial rote learning. J. Exp. Psychol.. 

Morgan, R. L. and Eck.trand, G. A. Effects of a changed en/ironmental context 

,°WA^king ta,k- Tech Rept. S3-235, Oc. 53. 

95 



W»*■ ^m*mè -k- Ai'.wJU J 4 44» 

McKendry, J. Decision-rnaking behavior in a thrcc-choicc uncertain outcome 
situation involving differential payoffs and triple events (in press) I96I. 

McKinney, L., Strother, G. B., Hines, Ruth R., ,nd Allee, Ruth A. Experimental 

SES84™11011 ln * 8rOUP te8t 8ltuation' J. Abnorm. Soc. Psychol. 1951, 46, 316- 

Mackworth, N. H. Research on the measurement of human performance. Gt. Brit 
CO^nCll, App1, P,ych’ Unit, Cambridge, Engl.. Spec, RepTrSErT 

Mic^an¿iS.c“i2r-.H- Tho overlappm*oi *i|!naU £M doci““*- 

Mangelsdörf, J. E. Variables affecting the accuracy of collision judgments on 
radar-type displays. USAF WADC Tech. Ropt. , No. 55-462. Dec., 1955. 

Meyer, E. Acute psychologic disturbances in thn course of hospitalization of pa¬ 
tients with chronic illness. J, Chronic Pis., 1956, 3, 111-121. 

Meyer, R* Bahrick, H. P., and Fitts, P. M. Incentive, anxiety, and the hu¬ 
man blink rate. J. Exp. Psychol. , 1953, 45_, 183-187. 

MÜ1 Syi1l]!p0ai,u,]l? on "The biology oí space travel, " London 29-30 Sept. 
1960 Office of Naval Research Tech, Report ONRL-C-22-60. 

Mill«, J. G. A bibliography for the development of stress-sensitive tests. PRB 

22> 53 Contract dA-49-°83 OSA-611. B-8-154. Army 

Miller, J. G. The development of experimental stress œnsitive tests for predict¬ 
ing P”f°rfnance in military tasks. Ttech. Rob. Rept. PRB 1079. Oct. 53. Con- 
tract DA-49-083-OSA-611, B-8-154. Army PrôjT 29562QÓÒ. --- 

MÍ11 Son/* toi LeonarJ' Drufis and Behavior New York: John Wiley and 

Miller, G. A. The magical number seven, plus or minus two, or some limits on 
our capacity for processing information. Psychol. Rev.. 1956, 63, 81-97. 

f1 liberalization of basic SR concepts: extensions to conflict behavior, 
motivation, and social learning. In Kock, S. (Ed) Psychology: A Studv of a 
Science, Vol. 11, N. Y.: McGraw-Hill, 1959. -L-^-*- 

Mitchem, J. C., and Tuttle, W. W. Influence of exercises, emotional stress, and 

Health Quart. Anter. Aae. 

MOnt19g53*' 45 j 91-96 he ^ °f anxiety in 8erial rote leaming. J. Exp. Psychol.. 

Morgan, R. L. and Eckstrand, G. A. Effects of a changed environmental context 

rr/raT^.'^c:“"8 tiisk- —Tech Rept- 53-235’ °ct-53- 

96 



Mowbray, G. H. Simultaneous vision and audition: The comprehension oí prose 
passages with varying levels of difficulty. J. Exp. Psychol., 1953, 46, 365- 

l* 372/ -- — 

Mundy-Castle, A. C., McKiever, B. L. The psychophysiological significance of 
the galvanic response. J, Exp, Psychol. , 1953, 46, 15-24. 

Neel, R. G. Nervous stress in the industrial situation. Personnel Psychol., 1955, 
8, 405-415. -- 

Newell, A., and Simon» H. A., The simulation of human thought. Research Memo 
No. RM-2506, Contract AF 49(368)700 Project Rand, 28 Dec. Œïïü: 

Newton, G., Paul, J., and Bovard, E. W., Jr. Effect of emotional stress on fin¬ 
ger temperature. Psychol. Rep., 1957, 3^, 341-343, 

Nicely, P. E., and Miller, G. A. Some effects of unequal spatial distribution on 
the detectability of radar tagets. J. Exp, Psychol., 1957, 5^, 195-198. 

Nk'herson, J. L., The ergonomics research society symposium on human perfor- 
^ manee, its measurement and limitations. ONR, Amer. Embassy, London, 

Engl,, Tech, Kept, QNRL-84-53, June 19571 

Noble, G. E. Compound trial-and-error learning as a function of response avail¬ 
ability (NR). J, Exp. Psychol., 1955, 49, 93-96. 

Nord, Charles L. Handling stress through identification. J. Sec. Ther., 1956, 2, 
235-242. 

Osborne, J, W., Quastler, H., Tweedell, R. S., and Wilson, K. V. Human per¬ 
formance in information transmission, Ill, flash recognition-scale reading. 
U of Ill., Control System Lab, Kept, R-68 1955. 

Osier, Sonia, F. Intellectual performance as a function of two types of psychologi¬ 
cal stress. J. exp. Psychol., 1954, 47, 115-121. 

y 
Payne, R. B., Rohles, F. H., Jr., and Cobb, B. B, The pilot selection research 

program. Part IV, Test validation and intercorrelations. USAF Sch, Aviat. 
Med,, Proj, 21-29-008, Rept. No. 4, 1952. 

Parker, J. L. Prediction of advanced levels of proficiency in a comnlex tracking 
task. Fleishman Rept. on human factor1' in the design of training equipment. 
ContracrAr*ir¿g7)6T" WADC TR 5$-25. ÍToc'."!^!--- 

Persky, Harold. Glutathione metabolism in men under psychological stress. Psy- 
chosom. Med., 1954, 16, 489-495. 

Pierce, J. E., and Karlin, J. E. Reading rates and the information rate of a 
human channel, Bell System Tech, J., 1956, _36, 497-516. 

Piercy, M, Elithorn, A, Pratt, R. T. C., and Crosskey, Margaret. Anxiety and 
an autonomic reactionto pain. J. Neurol. Neuroaurg. Psychiat. 1955, 18, 155- 
162. 

Pincus, G. Measures of stress responsitivity in younger and older men. Psycho- 
som Med., 1950, 12, 225-228. —~_™ 

97 



Pollack, I, The information of elementary auditory displays, II, J. Acoust. Soc, 
Amer., 1953, 25, 765-769. - 

Pollack, I. Visual noise filtering by human operators, I, sequentially encoded in¬ 
formation. Bolling AFB Cambridge Res. Center, AFCRC-TR-47-57 1955. 

Poülton, E. C. (1950) Perceptual anticipation and reaction - time. Quant. J. Exp. 
Psychol.. 1950, _2, 99-112. - 

Poulton, E. C. (1952) The basis of perceptual anticipation in tracKing. But. J. 
Psychol. 1952, J3, 295-302. - 

Poulton, E. C. Perceptual anticipation in tracking with two-points and one pointer 
displays. But. J. Psychol., 1952b, 43, 295-302. 

Poulton, E. C. Listening to overlapping calls, . Exp, Psychol., 1956, 52, 334- 
339. 

Poulton, E. C. Learning the statistical properties of the input in pursuit tracking, 
J. Exp, Psychol., 1957a, 54, 28-32. 

Poulton, E. C. On prediction in skilled movements, Psychol., Bull., 1957b, 54, 
467-478. — y- — 

Poulton, E. C. On the stimulus and response in pursuit tracking, J, Exp. Psychol. 
1957c, ^3, 189-194. -1- 

Quastler, H. (Ed. ) Information theory in psychology, Glencoe, Ill. : The Free 
Press, 1955. 

Quastler, H. and Brabb, B. Human performance in information transmission, V, 
the force of habit. U of Ill. : Control Systems Lab Kept, No, R-70, 1956. 

Ray, W. S. Repetition of two experiments on mild stress and problem solving: 
Technical Rept. No. 4, Contract Nonr-2315(00) between Bethany College and the 
Office of the Naval Research, I960. 

Ray, W. S. Complex tasks for use inhuman problem solving research. Research 
Rept. No. AFPTRC TN-55-43, 14 Mar. 1954. - 

Reid, L, S. and Holland, J, G. The influence of stimulus similarity and stimulus 
rate. WADC Technical Report 54-146. Contract No. W33-038-ac 21269. RDO 
No* 694^77’ Ma 1^54.--- 

Reid, L. S., Hodge, M. H., and White, G. O. The influence between relevant and 
irrelevant information upon complex visual discrimination. U. of Virginia, 
J60 Tech, Rept. 537-584. 1958. -8- 

Restlf, F. A theory of discrimination learning. Psychol. Rev. 1955, 62, 11-19. 

Riley, D, A. Rate learning as a function of distribution of practice and the com¬ 
plexity of the situation. J. Exp. Psychol. , 1952, ^3, 88-95. 

Rosenbaum, G. Stimulus generalization as a function of level of experimentally 
induced anxiety, J. Exp. Psychol. 1953, 45, 35-43, 



Ross, B. M., Rupel, J. W., and Cirant, D. A. Effects of personal, impersonal, 
and physical stress upon cognitive behavior in a card sorting problem. J, 
abnorm, soc, Psychol., 1952, 42, 546-551. 

Rotter, J, B. S ' 'al Learning and clinical psychology. New York: Prentice-Hall, 
1954 

Ryan, T. A., and Cottrell, C. L. Relation of muscular tension to effort and 
fatigue in skilled tasks. Cornell Univ. Contr. N5-ori-91-T(03), NR-151-052. 
Nov. 1952. 

Schaffer, H. R. Behavior under stress: a neurophysiological hypothesis, Psychol. 
Rev. 1954, 61_, 323-333. 

Schneider, R. A. Recurrent thrombophlebitis: an experimental study of life situa¬ 
tions and emotions and the clotting time and relative viscosity of the blood. 
Amer, J. Med. Sei., 1951, 222, 562, 578. 

Schwartz, T. B. , and Shields, R. R. Urinary excretion of formalde-hydrogenic 
steriods and creatinine; a reflection of emotional tension. Psychosom, Med. 
1956, 18, 159-172. 

Seale, L. M. Purposes of Task Analysis; Methods of Obtaining Task Analysis 
Information; Time Phasing WADD Tech. Report 60-593, Dec. 1960. 

Seashore, R. H. The Pyramid puzzle, a useful device in studying thought. Amer. 
J. Psychol., 1938, _51, 549, 557. - 

Sells, S. B,, and Berry, C. A. (Eds.) Human Factors in Jet and Space Travel. 
A Medical-Psychological Analysis. New York: The Ronald Press Co,, 196i. 

Selye, H., and Fortier, C. Adaptive reaction to stress. Psychosom, Med,, 1950. 
12, 149-157. 

Senders, V. L. The effect of number of dials on quantitative reading of a multiple 
dial panel. USAF, WADD, Tech. Rcpt. 52-182, 1952. 

Sheridan, J, B. Time-variable dynamic of human operator systems. AFCRC TN- 
60-169, Contract AF 19(604) 4548, Mar. 1960. 

Siegel, S., and Goldstein, D. Decision-making behavior in a two choice uncertain 
outcome situation. J. exp. Psychol. , 1958, 57, 37-42. 

Simon, C. W. Effects of stress on performance in a dominant and a non-dominant 
task. WADC Tech. Rent. 54-285. Contract W. 33-038 ac 19816, RDD 694-31, 
June 1954, 

Sinha, A. K. P., and De, B. Human behavior in stress situations. Indian J. Psy¬ 
chol., 1956, 31, 77-81. 

Skinner, L. D. The effects of limited resources on decision behavior in two- 
choice situations. Masterls Thesis, Texas U. Aug. 1959. 

Slack, C. W, Some characteristics of the "range of effect.fl J. exp, Psychol., 
1953, 46, 76-80. 

Smock, C. D, The influence of psychological stress on the "intolerance of am¬ 
biguity," J. abnorm, soc. Psychol., 1955, 50, 177-182. 

99 



Smock, C. D. The influer ''c of stress on tlie perception of incongruity. J, abnorm, 
soc. Psychol., 1955, 5(), 354-356. _______ 

Sparer, P. J. (Ed. ) Personality, Stress and Tuberculosis. New York: Interna¬ 
tional Universities Press, 1956. 

Spence, K. W. The methods and postulates of "behaviorism." Psychol. Rev,, 
1948, 55, 67-78. -- 

Spence, K. W., Färber, I. E., and McFann, H. H. The relation of anxiety 
(drive) level to performance in compctitional and non-competitional paired as¬ 
sociates learning. J, exp. Psychol. , 1956, _52, 296-305. 

Spence, K. W., Färber, J. E,, and Taylor, Elaine. The relation of electric 
shock and anxiety to level of performance in eyelid conditioning. J. exp. Psy¬ 
chol. , 1954, 48, 404-408. - 1_. , 1954, 48, 

!, K. W., ati< Spence, K. W., âríd Taylor, Janet. The relation of conditioned response strength* 
to anxiety in normal, neurotic, and psychotic subjects. J. exp. Psychol., 1953, 
45, 265-272. - 

Stevenson, I., and Ripley, H. S. Variations in respiration and in respiratory 
symptonris during changes in emotion. Psychosom. Med., 1952, 14, 476-491. 

Stevenson, 1. P., Duncan, C. H., Flynn, J. T., and Wolf, S. Hypertension as a 
reaction pattern to stress. Correlation of circulatory hemodynamics with 
changes in the attitude and emotional state. Amer. J. med. Sei., 1952, 224(3), 
286-299. - - 

Stevenson, S. A. A bibliography of aerospace medical division reports in the 

Lab*8 WAD^^May^ and train*nR psychology. Behavioral Sciences 

Strassman, H. D., Thaler, M. B., and Schein, E. H. A prisoner of war syn¬ 
drome: apathy as a reaction to severe stress. Amer. J. Psychist., 1956, 112, 
990-1003. -1- - 

Sunoeriand, J. E. Appraisal of psychomotor per;ormance in man and dog. Prog- 
ress Kept, No. 1, Contract DA 19-129-qm-1539, 15 Jan-14 Apr. I960. 

Taubman, R. E. Studies in judged number, I, The judgment of auditory number, 
II, The judgment of visual number. J. General Psychol., 1950, 43, 195-219. 

Taylor, Janet A,, and Spence, K, W. The relationship of anxiety to performance 
in serial learning. J. exp. Psychol. , 1952, 44, 51-64. 

Taylor, J, G, (Ed.) Symposium on the role of stress in military operations. 1 
and 2 May 1953. Tech. Memo. ORO-T-256, Dec. 2, 1953, 56 pp. Operations 
Research Office. Johns Hopkins University. 

Taylor, M, V,, Jr, The development and validation of a scries of aptitude tests 
for the selection of personnel for positions in the field of Air Traffic Control. 
AIR, Contract Cea-29396, Sept. 1952. 

Tiffin, J., and McCormick, E. J, Industrial Psychology (4th Ed,), Englewood 
Cliffs, N. J. : Prentice-Hall, IncT 1958. -— 

V 

k 



-vr«r * »i »■» ——* 

; 

Tufts College. Coordinate index and ab.stmets of training device literature Ah- 

' C^rctPNCoPari929bí00^UÍÍSdCOllegC InS,ÍtUte ÍOr APf,lied Experimental PsyTh^Iogy, 
; ¿1B. NAVTRADEVCEN^nroT J¡0¡^V 

- Tvmturi^A^ How does the brain handle information? OKR Res. Rev. f May 

• TyhY^JDeS^hr^^ 1 

men, G. A., Gloser, G., Lawler, A., and Others. Psychiatric screening of fly- 

En|GPei^r: * P4a*1 î7,’ An exPerimo,ltal investigation of developmenf of an 
rT.Tu i i fi an^iety ‘Seranee by means of photic stimulation - its validation by 

ouis MnCai My ,,atUC nCritRri l' ya«hington Univ. Sch. Medicine. St. 
¿..ouïs. Mo. Proj. No. ¿1-37-002, Aug. 5¿. Contract AF 33(038)-13884, Rept. 4. 

Uhr Leonard, and MUler, J. G. Drugs and Rehavior New York: John Wiley and 
oons, Inc. I960. 7 

Van der Volk, J, M., and Goren, J. Electrical resistance of the skin during in¬ 
duced emotional stress. Psychosom. Med. , 1950, 12, 303-314. 

Van T,hce hUman Price °{ Cümbat- U. S. Army Combat Forces. J. , 17-)^1 4^0)1 ¿5-Z5. 
■I 

Versace, J. Indicàtors of behavioral decrement- A study of level of aspiration 

TndeJ D0. . ?S? ?f fLr.V% Coll- P.'rk. Md. Inst. Appl, Psych. . Univ, Md. ■ 
Tech. Rept. 20(s), 1954, Contract DA-49-007-MD-222(O. I. 1952)- 

Versace, J. Indicators of behavioral decrement : Aspirations, need for achieve- 
%nn/MnX| Qcyi Park» Md., Inst. Appl. Psych., Univ. Md. . Tech. 

Rept. 20(b), 1954, Contract DA-49-UO7-MD-T22 (O. I. l96¿), 1954. - 

Vince, M. A. Rapid response sequences and the psychological refractory period. 
Brit. J. Psychol.. 1949, 40^ 23-40. y P ou. 

Vince, M. A. Learning and retention of an "unexpected" control-display relation¬ 
ship under stress conditions. Cambridge. Engl. Med. Res. Counc. AddI. 
Psychol. Res. Unit. 1950, APÜl25/501. - • :-- PP - 

Voas, R. B., Bair, J. T.. and Ambler, R. K. Relationship between behavior in 
a stress situation and later separation from flight training with expressed anxi¬ 
ety toward flying. Psychol. Rep.. 1956. j^, 393-39?. 

Voas, R. B., Bair, J. T., and Ambler, R. K. The relationship between behavior 
in a stress situation and later separation from flight training with expressed 
anxiety toward flying.USN. Sch, Aviat. Med. Res, Rep., No. NM 001 101 108.01. 

von Neuman, J. Probabilistic logic and the synthesis of reliable organisms from 
c.n"-!b^C,°Ti0n'n!? • .'"Shannon, C. B. and McCarthy, J. (Eds. ) Automats 

^tudleg, Princeton, N. J. : Princeton U. Press, 1956, 43-98. --“ 

í*/ P.ltt8’JjP* MV and Merril* E- N. Preliminary investigation of 
speed and lobadas dimensions of psychomotor tasks. Res. Bull. No. AFPTRC- 
TR-54-45, Contract AF 33(038)1 05Z8. Oct. 1954. ---- 

101 



Welford, A. T. The psychological refractory period and the timing of hi-speed 
performance - a review and theory. Brit. J. Psychol.. 1952, 43, 2. 

Welford, A. T. The measurement of sensory.-motor performance: Survey and re 
, appraisal of twelve years progress. KrgononiicB, I960, 3, 189-231. 

Wener, C. Reaction time as a function of manifest anxiety and stimulus intensity. 
J. abnorm, soc. Psychol.. 1954, 4% 335-340. 

Wesley, E. L. Perseverative behavior in a concept-formation task as a function 
of man. .est anxiety and rigidity. J. abnorm, soc. Psychol., 1953, 48, 129-134. 

Weybrew, B. B., and Alves, D. An exploratory study of the relationship of auto- 
in?” nreSvjnCy t0 manl*C8t anxiety and selected personality traits. Kept. No. 
iu Med' * Sur«ery> Navy Dept. Res. Proi. No. NM 23 02 20. OTTEST 3 
Mar. 1959. ----——- 

Wheeler, W. M. , Little, K., Dorcus, R. M. , Clemens, T. L. , Sternberg, T. H. 
and Zimmerman, M. C. The effects of psychological stress as measured by a 
decrease inthe number of circuLating eosinophiles. J. din. exp. Hypnosis. 
1954, 2, 130-135. ---‘-E-’ 

Willemin, L. P., Birnbaum, A. H., and Rosenberg, N. Selection of experimen¬ 
tal predictors for longitudinal validation in combat arms. PRB Tech. Res. 
Note 72, June 1957, DA Project 29560000. Task 280, PRB Project ¿-6-200-10 

. Williams, A. C. 
WADC, Tech. 

Jr,, and Hopkins, C. O. Aspects of pilot decision making. 
Rept. No. 58-522, Contract AF 33(616) 5135, Dec. 1958. 

Wilhams, M. An experimental study of intellectual control under stress and as¬ 
sociated Rorschach factors. J. Consult. Psychol.. 1947, 11, 21-29. 

Williams, M. PsychophyBiological responsiveness to psychological stress in early 
chronic Schizophrenic Reactions . Psychosom, Med., 1953, 15, 456-462. 

Wilson C. L. Project mercury candidate evaluation program. WADC Tech. 
Rept, 59-505, Dec. 1959. -— 

Winder, C. L., and Wurtz, K. R. Some effects of induced success and failure on 
judgment behavior. Palo Alto, Calif. Stanford Univ., Tech. Rept. 5, Contract 
No. Nonr 225(01), NfTlSO-Ofl?, Aug. 1954. -—^-:- 

Wocssner, B. L. Indicators of behavior decrement: Effects of stress and display- 
control relationships on response discrimination. Dept. Army, Med. Res. b 
Develop. Div., Tech. Rept. No. 21. Feb. 1954. —^-1--- 

^vtirkPHolt’^Co^^M111080*1^8, H* ExPcrimental Psychology (Rev. Ed. 1. New 

W,K j‘i'„"1r960Pr<>C'dUre f0r ■y‘"m8 ,b,dy- WADC TN 60-16, Aco.pac. 

^°Rev. fl959( 66* 1^125 *£íeCtÍVe Proce8SOB in learning and motivation. Psychol. 

102 



Srriifltv rim.:|f¡rnl¡r,n 


