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It has recently become 1ncrea51ngly popular to clalm that individual
differences in personality are not very important sources of variation in
human behavior. It has been suggested that the noncognitive traits that

L canbe identified show very little consistency across situations, and that

although the search for consistent dimensions of personality was rea-

- _sonable it has not- proved to- be very. useful and should be abandoned

~ One of the alternative approaches that has been offered to replace

_- the trait approach to- personality .is. that. of the “interactionists,” who
- argue: that the 1nteractron between 51tuat1ons and traits accounts for
_more vanance than 51mpie mam effects. (Endler & Magnusson 1976)
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Unfortunately, this approach does not specify when interactions will

OCCUTr.

upon behavior.

One such personality dimension is introversion-extraversion (I-E).
It has long been suggested (Claridge, 1967; Eysenck, 1967, 1981; Eysenck
& Eysenck, 1985; Gray, 1964, 1981) that I-E may be related to individual
differences in physiological arousal and to the neo-Pavlovian dimension
of strength of the nervous system. Additionally, the theory of I-E spec-
ifies when and why I-E should interact with environmental and task =
conditions. Our research has been concerned with the relationship of I-E
to cognitive performance. In this chapter, we will review the expected
relationship between I-E and performance, summarize some of our re-
cent findings, and suggest how we believe further studies should pro-
ceed. Our purpose is twofold: (a) to report some recent developments in
the relationship between a dimension of temperament and cognitive
performance; and (b) to suggest that the general approach of combining [
experimental psychology with the study of individual differences is a

fruitful one.

INTROVERSION-EXTRAVERSION AND PERFORMANCE

Hans Eysenck’s theory of I-E as it relates to cognitive performance .
may be summarized in two postulates: (a) Introverts are more aroused
physiologically than extraverts; and (b) performance is curvilinearly re-
lated to arousal (an inverted U). Evidence for the first postulate was put [
forward by Claridge (1967) and Eysenck (1967) and has been reviewed
by Eysenck and Eysenck (1985), and Stelmack (1981). Eysenck’s second
postulate is based on the “Yerkes-Dodson law”, which has received
substantial empirical support (Broadhurst, 1959; Duffy, 1972 Hebb,
1955: Yerkes & Dodson, 1908), although it is not accepted unequivocally.

In combination, these two postulates predict that on tasks of moder- ;ﬂ.
ate difficulty, in comparison to extraverts, introverts will perform better f;;'::_
in nonstimulating situations, as well in moderately stimulating situa-
tions, and less well when under high stimulation or stress. Thus super-
ficially inconsistent relationships between personality and performance o
Across situations are seen not as evidence for the lack of utility of person-

This question of what personality variables should interact with
what situational variables is an underlying theme of this book. By study-
ing dimensions of temperament and how individual differences in tem-
perament relate to behavior, it is possible to show how personality vari-
ables interact with environmental variables to have systematic effects =
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ality t_raits but rather as evidence for their usefulness. This model pre-
dicts, then, that there should be a consistent (albeit complex) pattern of
differences in cognitive performance as a function of individual dif-
ferences in I-E in combination with variations in situationally induced
stress.

We have conducted several experiments that test these predictions.
The first of these was by Revelle, Amaral, and Turriff (1976). The depen-
dent variable was performance on verbal ability items similar to those of
the Graduate Record Examination (GRE). Three conditions were used in
a within-subjects design: (a) A relaxed condition; (b) a time pressure
condition; and (c) a time pressure condition in which subjects were
given 200 mg of caffeine. The results were quite clear: The scores of
introverts fell by about .6 standard deviations from the relaxed to the
most stressed condition, whereas those of extraverts rose by about the
same amount. Although these results are compatible with the cur-
vilinearity assumption (if introverts were at their optimal arousal level in
the relaxed condition, whereas extraverts were underaroused in that
condition), they did not show curvilinearity per se.

Three studies that have shown curvilinearity are those of Gilliland
(1976), Gupta (1977), and Anderson (1985). Gilliland studied the effects
of three levels of caffeine (0, 2, and 4 mg/kg body weight) on the GRE
performance of introverts and extraverts. Using change scores in a pre-
post design, Gilliland found that there was a curvilinear relationship
between caffeine and performance for introverts, but there was a mono-
tonically increasing one for extraverts. Using an IQ test, Gupta found
that performance decreased for introverts with increasing doses of
amphetamine, but performance of extraverts showed an inverted-U re-
latmg.:z-:hip. Although both of these studies provided reliable evidence for
curvilinearity and demonstrated that introverts are more susceptible to
performance deficits than extraverts, both used between-subjects de-
signs, and thus neither showed curvilinearity within subjects.

- Anderson (1985) has documented curvilinear effects within sub-
Jects. Using a Latin-square design, Anderson tested 100 subjects on easy
(lfetter cancelation) and difficult (GRE verbal items) tasks at each of five
dlfferent levels of caffeine (0, 1, 2, 3, and 4 mg/kg). Subjects were classi-
iffe :j low or high impulsive on the basis ::?f the Eysenck Personality
5 ory (EPI:, Eysenck .&. Eysenck, 1964) impulsivity scale (Revelle,
> Emphreys, Simon, & Gilliland, 1980). Performance on the letter can-
cllation task (cancelling one letter from a page of randomly ordered
Capltal‘ letters) showed a significant linear increase with caffeine across
?11 Sub]?CtS. For the GRE items, however, there was a significant interac-
'on of impulsivity with the quadratic trend of caffeine dose: The perfor-
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mance of low impulsives showed an inverted-U relationship to dose,
whereas that of high impulsives improved with increases in caffeine

dosage.
The results of these studies, as well as those of other investigators,

are generally compatible with Eysenck’s predictions, and the con-
vergence of results from research using a wide variety of different ex-

perimental procedures and arousal manipulations is noteworthy. It is
quite clear that under certain circumstances, the performance of intro-
verts is hurt and that of extraverts is helped by increases in arousal.

IMPULSIVITY, TIME OF DAY, AND TASK VARIABLES

In our recent research, we have been concerned with two questions:
(@) What are the personality, situational, and task characteristics that
interact with arousal manipulations; and (b) how can we explain the

presumed curvilinear relationship between arousal and performance? In

this section, we will address the first question; in the next, we will

consider several models that might help to answer the second.

IMmruLsIVITY AND TIME OF DAY

After our initial success in showing that cognitive performance isan
interactive function of I-E, time pressure, and caffeine (Revelle et al., |
1976), we attempted to specify the conditions governing this rela- =
tionship. As reported previously (Revelle et al., 1980), we found that
although the relationship between personality and caffeine was quite
consistent, it was not as compatible with Eysenck’s theory as we re-
ported earlier (Revelle et al., 1976). In a series of six follow-up studies,
we found that the most consistent relationships were with a subscale of
I-E, impulsivity, and that these relationships were moderated by time of

day.

The first follow-up study was Gilliland’s, which has already been =
briefly described. In his dissertation, Gilliland (1976) reports that I-E as
assessed by the EPI (Eysenck & Eysenck, 1964) had the expected interac-
tive relationship with caffeine in its effect on performance, but when I-E
was measured by the Eysenck Personality Questionnaire (EPQ; Eysenck
& Eysenck, 1976), it did not have the expected effects. The chief dif- =
ference between these two scales is in the saturation of impulsivity
(Rocklin & Revelle, 1981): The EPI I-E scale has two subscales, im-
pulsivity and sociability, whereas the EPQ I-E scale has only sociability =
content. A post hoc examination of the results, which Gilliland did not =
report in the published version of his dissertation (Gilliland, 1980), -
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showed that the interaction of I-E with caffeine was due to the im-
pulsivity subscale.

The remaining five studies reported by Revelle et al. (1980) exam-
ined these impulsivity findings more closely. A similar paradigm was
used in each study: College students were recruited for a study involv-
ing caffeine. They refrained from consuming stimulants for 6 hours
preceding the study. After signing a consent form that screened for
medical contraindications, they were given 200 to 300 mg of caffeine
(roughly equivalent to 2 to 3 cups of coffee) or placebo using double-
blind procedures. Subjects filled out personality inventories for 30 to 40
min and then completed a cognitive performance task, usually the prac-
tice GRE used by Revelle et al. (1976), although in one study it was a
simple verbal analogies test and in another, the verbal, quantitative, and
abstract reasoning portions of the Differential Aptitude Test (DAT):r The
tests were given under time pressure. In several studies, subjects came
for multiple day sessions, but we will discuss only the first day results

In each of the five studies run in the morning, the same pattern was:
found: With placebo, nonimpulsives (introverts) outscored impulsives
(extrfwerts) by an average (median) of .45 standard deviations. With
caffgme, however, this result was reversed: Impulsives did better than
nonimpulsives by .36 standard deviations. In fact, in every study done
In the morning, caffeine hindered the performance of nonimpulsives
and facilitated that of impulsives. i

Tht_a'sel results were in contrast to those for the other component of
?FE, sociability, which did not show such a consistent pattern. I-E, which
'S @ combination of impulsivity and sociability, showed slightlfy more
consistent interactions, as expected, given the impulsivity results.
ferer.sfifi:i thh cagejge consumption incflicated no reliable dif-
pulsives, render?ng :xilariatizgiﬁie{;i?ssz?cﬁgﬂn Ui'hllgfh a'n'd %DW i’m_
B v s erential familiarity with
fEineﬁ:él;eernex:daence that the perfprmamfe: changes in response to caf-
g sgmﬂe ml;e to 1d10?yncrat1c sensitivity to caffeine but instead
S gy iI;." tr;entra process came from the results of the four
|t EZ fﬁrer?r;}%. In stnﬂkmg contrast to results from the
high i 1 h:as g Ud s € evening Stud.les thg performance of
o g f;111hie-rne y c:affe:-me. Low impulsives were helped
e ee of 't ese studleg; in the fc:ulrth, there was a slight

performance with caffeine for nonim ulsives and
Tge decrease for impuls; tislih lan i P it
pulsives € median improvement for low im-

ulsi : -
E:) : il‘}”eﬁ given c_affeme was .18 standard deviations and the median loss
180 impulsives was .15 standard deviations.

To SUmmarize, in the morning caffeine helped impulsives and hin-
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dered nonimpulsives, but in the evening these effects reversed: Caffeine
hindered impulsives and helped nonimpulsives. Thus two subjects who =
performed equally well in the morning without caffeine could be made *
to differ by .8 standard deviations by the administration of caffeine or
by .6 standard deviations by having them take the test in the evening.

The significance of these findings is twofold. First, they are con- =
sistent with the earlier findings of Blake (1967, 1971) that introverts differ =
from extraverts not in their basal arousal level but in the phase of their
diurnal arousal rhythm: Extraverts are less aroused than introverts (in
terms of body temperature) during the morning but are more aroused
than introverts during the evening. Second, they show that the im- =
pulsivity component of I-E is probably responsible for previously re- =
ported relationships between I-E and arousal. This finding is congruent

with other studies that have shown that many findings attributed to I-E

are actually impulsivity effects (Eysenck & Levey, 1972; Eysenck &

Folkard, 1980; Gray, 1972; Loo, 1980).

The interaction of impulsivity, caffeine, and time of day requires a
reconsideration of the concept of stable (trait) differences in basal i
arousal. As noted by Gray (1981), much of Eysenck’s theory of I-E
hinges on the assumption of stable differences in arousal between intro- =
verts and extraverts. But if these differences reverse in the evening, why
are not introverts extraverts at night? We suspect that impulsivity is a
stable individual difference that does not change with diurnal variations
in arousal and that there is some characteristic that leads to both im-
pulsivity and a later diurnal arousal rhythm. This characteristic could be =
the speed of buildup of arousal or the speed of decay of arousal (habitua- R |
tion). If so, then nonimpulsives would build up arousal faster than
impulsives, becoming alert sooner in the morning. After several hours,
high and low impulsives would achieve the same arousal level, but =
impulsives would seek new stimulation constantly to maintain the
arousal. By evening, nonimpulsives, who have been highly aroused for
much of the day, would be fatigued and cease to seek arousal. Arousal
would decay, and the nonimpulsive would retire for the evening. Im- =
pulsives would not have been as highly aroused for as long and would =
not be fatigued yet. Thus impulsives would still want to maintain a high
arousal level and continue to seek stimulation. Eventually fatigue would =

set in and even impulsives would call it a night.

This interpretation introduces yet another concept, fatigue, into an
already complex theory. Its advantage, however, is that it avoids the =
nonsensical prediction that introverts should prefer lively parties late in
the evening, whereas extraverts should seek sex orgies in the morning.

An alternative way to fit our findings into the traditional I-E theory

would be to assume that performance measures reflect within-subject =

i

i
H I |_.I_

B ‘;

i
HY
A
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differences in arousal, rather than absolute arousal levels. (Stimulation
seeking would indicate between-subject differences.) Perhaps nonim-
pulsives are ah':«vays more aroused than impulsives but are closer to their
optimal level in the morning than in the evening. In contrast, high
impulsives may have a lower optimal arousal level, to which they are
closer in the evening. Both groups perform at their best when optimally
aroused. This explanation assumes that performance is affected by with-
in-subject arousal and that when subjects are optimally aroused absolute
differences between them do not affect performance efficiency. This
argument saves the assumption that introverts are always more aroused
(in absolute, between-subject terms) than extraverts. But to do so, we
added two postulates (low impulsives have higher optimal levels, and
absolute level has no effect on performance), making any test of Ey-
senck’s model using performance measures virtually impossible.

We prefer to believe that performance does reflect basal arousal
differences and conclude that although nonimpulsives are more aroused
than impulsives in the morning, they are less aroused in the evening.
We feel that although these results are in conflict with the conventional
formulation of I-E, they are strong enough to require a revision of that
theory.

Even more important than our time-of-day results is the distinction
between impulsivity and extraversion. Although psychometrically an
inferior scale, the 9-item impulsivity subscale of the EPI has given us
much more stable interactions with caffeine than either the sociability
scale or the entire EPI extraversion scale.?

AROUSAL AND TASK VARIABLES

The Revelle et al. (1980) studies examined very complex perfor-
mance tasks. Once we specified those conditions that reliably led to
Impulsivity by caffeine interactions, however, we began to analyze the
task parameters of this effect in terms of current cognitive theory.

Our primary concern in addressing task variables was to clarify the
determinants of task difficulty, which as noted by Broadhurst (1959) and
Yerkes and Dodson (1908), 1s a critical factor in the relationship between
arousal and performance. One of our efforts involved an attempt to
decompose the inverted-U relationship into two complementary mono-
tonic functions, one increasing and one decreasing with arousal. The

IIn ;
incls{}me D+f our more recent studies we have used alternative measures of impulsivity,
uding items taken from experimental measures of impulsivity developed by S. B. G.

E j
t}i{senf:k.. We have not found any more consistent results with these measures than with
€ original nine items derived from the EPI.
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logic behind this approach has been spelled out in more detail in
Humphreys, Revelle, Simon and Gilliland (1980) and Humphreys and
Revelle (1984).
Based on the work of Folkard (1975), Hamilton, Hockey, and Rej-
man (1977), and Hockey (1979), we (Humphreys et al., 1980; Humphreys
& Revelle, 1984) suggested that arousal facilitates tasks that require
rapid and sustained information transfer (SIT) but hinders tasks that
require storage or retrieval of information in short-term memory (STM).
We have recently completed five experiments with results compati- -

‘ble with the Humphreys and Revelle model. The first examined the *
effect of impulsivity and caffeine on a proofreading task in which we
assessed the detection of two types of errors (Anderson & Revelle,
1982). The detection of intraword (noncontextual) errors, such as mis-
spellings or typographical errors, was assumed to require fewer STM |
resources than that of interword (contextual) errors, such as faulty gram-
mar or incorrect word usage. 4
Weinstein (1974, 1977) had found that although noise had no effect -

on the detection of intraword errors, fewer interword errors were de-
tected in noise than in quiet. Although these results are consistent with -
our hypotheses, noise may affect performance through either its arous- -
ing or its distracting effects. We therefore conceptually replicated Wein- -
stein’s studies using our standard caffeine X impulsivity design. We
presented 60 subjects with three forms of the proofreading task in a-
within-subjects design. The first task was given with instructions to "
mark all incorrect words; the second two tasks were given with instruc-;
tions to mark either inter- or intraword errors only. All subjects were §
tested at 9:00 A.M. A significant interaction between impulsivity, drug,
and type of error indicated that for the interword errors, catfeine re-
duced the sensitivity of nonimpulsives and slightly increased the sen-~
sitivity of impulsives, but for the intraword errors, caffeine had a detri-
mental effect for both high and low impulsives. For all three instruction’
conditions, caffeine reduced the number of words read by low im-
pulsives and increased it for high impulsives. -
These results suggested that tasks with a higher memory load are:
more sensitive to arousal-induced decrements than tasks with a lower:
memory load. The decreased sensitivity of high impulsives with caffeine

I8

to intraword errors is impossible to interpret because this group also:
read more rapidly: Their decreased sensitivity could have resulted from:
a speed-accuracy trade-off.

In a second experiment, we examined the effects of impulsivity and
caffeine on a visual scanning task (Anderson & Revelle, 1983). This taskf
involves searching through strings of 20 letters looking for those strings:

b
i
o
-
i
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that contain all of a set of target stimuli. The target set consisted of either
7 letters (low memory load) or 6 letters (high memory load). Folkard,
Knauth, Monk, and Rutenfranz (1976) have shown that these two tasks
are differentially affected by arousal as indexed by body temperature:
Performance on the two-letter task is a direct function of arousal, where-
as performance on the six-letter task is an inverse function of arousal.

We conceptually replicated the Folkard ef al. study using caffeine
and impulsivity as indexes of arousal. At 9:00 A.M. using our standard
procedures 84 subjects were tested. As expected, there was a reliable
interaction between drug and target size, indicating that caffeine was
associated with greater accuracy and more rapid performance on the 2-
letter task, but decreased accuracy at about the same pace on the six-
letter task. If caffeine and impulsivity affect a similar activational state
(arousal), then there should have been a parallel interaction between
impulsivity and task. This interaction did not occur, but there was a
reliable interaction between impulsivity, target size, and task sequence.
(Target size was counterbalanced using two task sequences.) The pro-
portion of targets correctly detected by low impulsives did not vary with
target size or sequence. High impulsives, in contrast, were more accu-
rate on the version of the task that was in the first and last of four
positions.

These results indicate that high and low impulsives differ from each
other in more than just arousal—otherwise, caffeine and impulsivity
would have had similar effects. It could be that high impulsives adopted
a strategy that was appropriate for the first task they did but did not
switch to a strategy appropriate for the second task. An alternative
explanation is that in comparison to nonimpulsives, impulsives expend-
e.d more 'eff{:mrt at the beginning (when the stimuli were novel) and end
(in anticipation of finishing the task) than during the middle of the
EXperiment.
effec?sf EIihi:rd sltudy (Andt?I:SGn, Revelle, & Lynch, 1985) exanﬁ_ned the
iy r;uia on a modified Sternberg (1966) memory scanning task
il af used by M. W. Eysenck and M. C. Eysenck (1979). A
: f{ﬂl{)y sed-:l:; one to four words was pres.ented l?y an ﬁ‘;PPLE II comput-
th:? L wed by a single probe wa}*d t.hat either ‘dId. or did not come from

mory set. Probe words varied in semantic similarity to the memo-

2;;1? 1Sac:u:m's: fwere exact matches of a memory set word, and some were

Sllbjefts rs of a category namec? in the memory set. .At 9:00 A.M. 79

e were given either c.f.iffeme or plgcebc). L'atenmes to correct re-

s thwmje analyzed. Besides the obvious main ef?ects, caffeine re-

| gl t:, fime needed to prepare to resl:'u:.md (the intercept) but in-
€ time to scan STM for each additional item (the slope).
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The fourth study examined the effect of caffeine and impulsivity on
complex analogies (Revelle & Benzuly, 1985). An APPLE II computer
using a program developed by Onken and Revelle (1984) presented 48
geometric analogies. These analogies differed in difficulty along two
dimensions: the number of elements in each term of the analogy and
the number of transformations applied to each element. Following Mul-
holland, Pellegrino, and Glaser (1980), the number of elements was
thought to reflect information transfer load; the number of transforma-
tions was assumed to be related to memory load. At 10:00 A.Mm. 61
subjects were given either 0 or 4 mg/kg of caffeine. Potential speed-
accuracy trade-offs were controlled by presenting each item for a fixed
period of time before it was removed and the response requested. Caf-
feine interacted significantly with the number of transformations, facili-
tating performance for analogies with one transformation (independent
of the number of elements) but hindering performance on analogies
with three transformations.

The fifth study in this series (Anderson, 1985) has been described
earlier; it compared the effects of five levels of caffeine and two levels of
impulsivity on performance on two tasks. For the low memory load task
(letter canceling), the performance of both high and low impulsives
improved across the five levels of caffeine. For the high memory load
task (GREs), however, the performance of high impulsives was facili-
tated, whereas that of low impulsives was an inverted-U function of
caffeine dose.

In summary, the studies by Gilliland (1976), Gupta (1977), and An-
derson (1985) lend strong support to the hypothesis that performance is
a curvilinear function of arousal and that this relationship is moderated
by individual differences in impulsivity (Gilliland and Anderson) or ex-
traversion (Gupta). In addition, the studies by Blake (1967) and Revelle
et al. (1980) suggest that the arousal differences between high and low
impulsives reflect temporary state differences rather than stable trait
differences. Finally, the Anderson (1985), Anderson and Revelle (1982,
1983), Anderson et al. (1985), Folkard et al. (1976), and Revelle and Ben-
zuly (1985) studies suggest what some of the task parameters that mod-
erate the arousal-performance relationship might be.

[t should be noted that in several studies, caffeine and impulsivity
did not interact, and only caffeine showed statistically reliable effects,
thus suggesting that high and low impulsives differ from each other in
more than just arousal. This conclusion is understandable in light of our
time-of-day effects, for although impulsivity can be thought of as a
stable dimension of individual differences, the arousal differences be-
tween high and low impulsives reverse as a function of time of day.

It is clear from these experiments that the impulsivity by caffeine
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Figure 1. A conceptual organization of cognitive performance tasks along three dimensions
of information processing (short-term memory, sustained information transfer, and long-
term memory). Tasks further to the right require more short-term memory resources than
those to the left. Tasks further up require more sustained information transfer resources
than those nearer the bottom. Tasks shown behind other tasks are thought to require more
long-term memory components than those drawn closer to the front of the figure. In
general, our research has shown that performance on those tasks to the left of the center
are facilitated by caffeine or other arousal manipulations, whereas performance on those

tasks to the right of the figure is either hindered or shows an interactive effect of caffeine
and impulsivity.

interaction can be moderated by task variables. We have thus gone
beyond mere demonstrations of cuwﬂmeaﬂty and are now able to study
what determines the task difficulty parameter of the Yerkes—Dodson
law. We can summarize our research results (as well as that of others) by
classifying tasks along three dimensions of cognitive resources: SIT,
5TM, and long-term memory (see Figure 1). In general, those tasks with
low STM requirements are facilitated by caffeine or other stimulants,
whereas those with high STM but low SIT requirements are hindered by
caffeine. Finally, those tasks with both high STM and SIT requirements

(and perhaps a large long-term memory component) show interactive
effects of caffeine and impulsivity.
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THEORIES OF AROUSAL AND PERFORMANCE

Many theories have been proposed to explain the inverted-U rela-
tionship between arousal and performance. Several are unable to ac-
count for all the findings we have discussed, whereas several others are
compatible with most of this evidence.

TRANSMARGINAL INHIBITION

One explanation for inverted-U phenomena is that performance is a
monotonic function of arousal but that arousal is an inverted-U function
of “arousal potential,” which is the sum of all of those properties of the
environment that stimulate the person. Arousal increases with increases
in arousal potential up to the point at which further increases in stimula-
tion instigate an inhibitory mechanism that protects the organism from
too much excitation. Further increases in arousal potential lead to even
higher levels of inhibition and hence greater decreases in arousal level.

While this model is likely to be true at extremely high levels of
stimulation, it is unlikely that our subjects have been exposed to such
extreme levels of arousal potential. Our task variable effects also argue
against this explanation. For example, if the poor performance of highly
aroused subjects on the six-letter search task is due to the effects of
transmarginal inhibition (TMI), why do the same subjects do better on
the two-letter task (Anderson & Revelle, 1983; Folkard et al., 1976)? It is
possible that different tasks change arousal potential, with the six-letter
search task raising the arousal potential enough to induce TMI but the
two-letter task not producing TMI. But this view cannot easily account
for task effects in the proofreading study (Anderson & Revelle, 1982), in
which subjects simultaneously scanned for both types of errors.

RespoNSE COMPETITION

Perhaps the best known theory relating motivation to performance
is Hull’s drive theory (1952). There are several different explanations
that have been derived from drive theory, all of which assume that the
probability of making a response is a function of the difference in excita-
tion of two or more competing response potentials.

Spence and Spence (1966) assumed that drive and incentive moti-
vation have a multiplicative effect on habit strength. Thus well-learned
responses are facilitated more by increases in drive than less well-
learned responses. This theory can explain increases in performance
with increases in arousal for dominant or well-learned habits and de-
creases in performance with increases in arousal for difficult or poorly
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learned tasks. With additional assumptions about thresholds for excita-
tion, it is even possible to explain inverted-U phenomena. As M. W.
Eysenck (1981) has made clear, however, the theory is better at postdict-
ing than at predicting results.

Broen and Storms (1961) proposed that there is a ceiling to excitato-
ry potential: Increases in drive lead to increases in excitatory potential
up to this ceiling, but increases in drive beyond that point do not in-
crease the excitatory potential. Thus at low initial drive levels, easy or
well-learned tasks would be facilitated by increases in drive, but once
the excitatory ceiling has been reached, further increases in drive would
increase the likelihood of subdominant responses. Although this model
does predict inverted-U phenomena, it predicts that well-learned habits
should achieve their maximum probability of response at lower drive
levels than less well-learned habits. This prediction is, however, op-
posite to the initial Yerkes and Dodson (1908) findings, as well as to our
own results (Anderson & Revelle, 1983; Anderson, 1985).

Broadbent (1971) modified drive theory to take into account the
subject’s criteria for responding. Applying a signal detection analysis to
the problem of response competition, Broadbent showed that if a re-
sponse threshold remains constant while drive increases, the probability
of making the dominant response will be an inverted-U function of
drive. This model also predicts that at low drive levels, subjects should
make errors of omission, but at high drive levels, they should make
errors of commission. Although this interpretation is consistent with
some of our results, it is difficult to see how it could be applied to the

pattern of results from the geometric analogies task (Revelle & Benzuly,
1985).

RANGE OF CUE UTILIZATION

The other well-known explanation for inverted-U phenomena is
that of Easterbrook (1959), who proposed that increases in arousal lead
to decreases in the range of cues that an organism can use. This model
can account for the Yerkes—Dodson effect by making the additional
assumptions that (a) simultaneous use of relevant and irrelevant cues
reduces response efficiency; (b) irrelevant cues are eliminated before
relevant ones as the range of cue utilization decreases; and (c) complex
tasks require a broader range of cue utilization than less complex tasks.

A serious problem with many tests of Easterbrook’s hypothesis is in
their operational definitions of arousal. As we have argued previously
(Anderson, 1981; Anderson & Revelle, 1982; Humphreys & Revelle,
1984; Humphreys et al., 1980; Revelle et al., 1980), arousal should be
Construed as a conceptual dimension ranging from extreme drowsiness
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at one end to extreme excitement at the other. It may be manipulated,
physiologically indexed, or behaviorally observed. Any particular mea-
sure or manipulation will, however, introduce some irrelevancies. To
strengthen the conclusion that observed effects are in fact due to
arousal, research on the effects of arousal should therefore include sev-
eral types of arousal variables to test for convergence between the alter-
native indexes. Unfortunately, most tests of Easterbrook’s hypothesis
have used indexes of arousal that have powerful but nonarousal-related
effects on the allocation of cognitive resources (Anderson, 1981). For
example, although inducing anxiety may increase arousal and conse-
quently narrow the range of cue utilization, it may also lead to an in-
crease in off-task thoughts (Wine, 1971). Thus performance decrements
with increased anxiety may be due to arousal, off-task thoughts, or both.
Many of our findings are consistent with Easterbrook’s model, although
it is not clear that it can explain the results of our memory-scanning
study (Anderson et al., 1985).

INFORMATION TRANSFER AND MEMORY

An alternative model, which is hard to distinguish empirically from
Easterbrook’s, is that arousal has different effects on the rate of informa-
tion transfer and memory availability (Folkard, 1975; Hockey, 1979;
Humphreys & Revelle, 1984; Humphreys et al., 1980). In a review of the
performance literature (Humphreys & Revelle, 1984), we concluded that
arousal facilitates those tasks that require sustained information transfer
(SIT)—staying prepared to process incoming stimuli, transmit informa-
tion, or rapidly execute responses. We also proposed that arousal is
monotonically and negatively related to short-term memory (STM) pro-
cesses such as those involved in digit span, paired associate, or inciden-
tal recall after short intervals.

We assume that efficient cognitive performance generally requires
both information transfer and memory. The combination of a monoton-
ically increasing function (SIT) with a monotonically decreasing function
(STM) can lead to an inverted-U function. Performance at low arousal is
limited by the SIT component; performance at high arousal is limited by
the STM component.

We also suggested (Humphreys et al., 1980; Humphreys & Revelle,
1984) that incentive motivation, rather than affecting arousal, has a
monotonically increasing effect on SIT but no direct etfect on STM.
Thus, manipulations such as competition, monetary incentives, or ego-
involving instructions (e.g., Revelle, 1973) should improve the rate of
information transfer but not memory. Because we assume a data-limited
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Figure 2. The effects of effort and arousal on two components of information processing.
Sustained information transfer is a monotonically increasing function of arousal; availabili-
ty in short-term memory is a monotonically decreasing function of arousal. Curvilinearity
1s a result of tasks being limited by a lack of resources for sustained information transfer at
low levels of arousal and a lack of memory resources at high levels of arousal. Effort is
thought to increase information transfer but not to hinder memory availability. Thus

increased effort facilitates performance at low to middle levels of arousal but has little to no
benefit at high levels of arousal.

ceiling for both components, incentives would thus lead to improved
performance at low arousal levels but have no effect at high arousal.

Although the complete theory (Humphreys & Revelle, 1984) is too
complicated to present here, some of these effects can be summarized
figurally. In Figure 2, we show the hypothesized effects of two levels of
effort for tasks involving both a STM and a SIT component.

This two-component model of performance predicts what variables
should interact rather than just describing the interactions. We should
note, however, that much of the evidence consistent with this model
also supports Easterbrook’s hypothesis, as most tasks with a high mem-
ory load (which are thus more susceptible to arousal-based deficits) also
require a broad range of cue utilization.

GENERAL THEORETICAL ISSUES

When discussing theories of performance decrements, it is impor-
tant to remember that the link between theory and data is sometimes
quite complex. Many assumptions are necessary to relate our theory
(Humphreys & Revelle, 1984) to the results of any particular study,
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including assumptions about the construct validity of measures of both
arousal and task parameters. Implicit in our tests of arousal predictions
are assumptions about the nature of tasks and vice versa. What is miss-
ing is a direct way to test both a theory of motivational effects and a
theory of tasks.

Moreover, we assume that arousal facilitates information transfer
processes and hinders memory processes, but we are as yet unable to
specitfy exactly how these processes combine to atfect performance. This
inability is partly due to incomplete understanding of the determinants
of task performance and partly due to the ambiguity of such terms as SIT
and STM.

To a large extent, SIT and “attention” are similar constructs. Atten-
tion, however, has many different meanings that have been used in a
variety of different ways. We believe that the concept of sustained atten-
tion is related to sustained information transfer and arousal. For exam-
ple, we have shown (Bowyer, Humphreys, & Revelle, 1983) that on a
recognition memory test, high impulsives experienced a vigilancelike
decrement over trials, and this effect was reduced by catfeine. The sim-
ilarity of this result to earlier studies of vigilance suggests that a common
explanation should be applied to tasks that require staying prepared to
process incoming stimuli, transmit information, or execute responses
rapidly.

We are faced with a similar definitional problem with respect to the
presumed detrimental effect of arousal on STM. There are several differ-
ent theories of the processes involved in STM (specifically, capacity and
strength); without a specification of the effects of arousal on these pro-
cesses, we can make only very general predictions (cf. Humphreys,
Lynch, Revelle, & Hall, 1983). Is STM hurt by arousal because the size of
a memory buffer has been reduced or because the strength of the codes
decays faster? Is an inability to recover appropriate memory codes due
to their weakness or to increased strength of competing codes? Once
again, what is needed is a theory of tasks as well as a theory of moti-
vation.

SUMMARY AND CONCLUSIONS

Finally, we again note our use of impulsivity rather than the higher
order construct of I-E. We have studied impulsivity because our results
have shown that it has more consistent interactions with arousal manip-
ulations than does I-E, suggesting that it is impulsivity rather than intro-
version—extraversion that is related to individual differences in arousal.
We have persisted in studying impulsivity (rather than trying to develop
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