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BRAIN

mechanistic input-output models and internal­
external dichotomies.

AROUSAL
See AcnvATION AND AROUSAL

Yerkes-Dodson Law

The brain is constantly active, generating
nerve impulses that create a background of
electrical activity which underlies the various
stages of sleep and wakefulness. One of the ini­
tial discoveries illustrating this fact was made
by Berger who pioneered the technique of the
electroencephalograph (EEG) which monitors
the electrical activity measured at the scalp.
Berger noted that during changes in wakeful­
ness, brain ymves could range between fast,low
voltage activity and the slow, high amplitude
wave forms characteristic of deep sleep.

The mechani::;m regulating these shifts re­
mained unknown until the discovery by Mo­
rtlzzi and Magoun in 19-1.9 that the reticular for­
mation, a collection of short-fibered neurons in
the brainstem, is critical for maintaining an
alert organism. Lesions to portions of this sys­
tem caused somnolence. coma, and death. Con­
current with this research were similar discov­
eries by Lindsley who found also that electrical
stimulation to these same regions produced an
alert organism with fast brain wave activity.

These results. along with others, served to
initiate a conceptualization of the brain as
aroused or activated, terms which were, and
often still are, used interchangeably. Allying
these discoveries to the behavioral data on per­
formance during under- or overstimulation
from the environment, researchers began to
view both brain and behavior as complying
with the Yerkes-Dodson law. This law postu­
lates an inverted u-shaped function of effi­
ciency depending upon the degree of "arousal"
of the organism. Under-aroused subjects per­
form as poorly as over-aroused subjects, with
optimal levels occurring in a moderately
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ARISTOTLE (384-322 B.C.)

See also UN[TED STATES OF AMERICA: A HISTORiCAL RE­

'1IEW Or THEORETICAL TRENDS IN PSYCHOLOGY

t~in items. All holdings are unique. <tntI hence,
fragile. As a result of these two factors re­
searchers must expect limited acces:; to archi­
val deposits. Restrictions. necessary for secur­
ity reasons, are not intended to limit the use of
open materials relevant to investigators' pur­
poses. They do demand, however, that the ar­
chivist serve as liaison betwe~~ scholars and
scholarly materials. The staff endeavors to pro­
vide as many documents as possible without
violating donor agreements.

Accessions arrive daily and represent all as­
pects of psychology. Gifts range in era. from the
mid-nineteenth century to the present time,
with the majority in the twentieth century.
Continuing growth prohibits the ccmpilation
of an accurate, descriptive catalogue, but up­
to-date information can be secured by corre­
spondence. The depository welcomes inquiries
about resources as well as research visits.

A Greek philosopher arld scientist who devel­
oped the ' ....orld·s 'first systematic psychology,
including sensing, thinking. imagining, mo­
tivation, memory, and dreaming, Aristotle
proceeded from biological obser\'ationsto show
levels of "psyche." or life-function. on continua
of nutrition and reproduction, sensing, motiva­
tion, locomotion, and reasoning. Sensing, Aris­
totle beUeved, requires both a stimulus object
and an organism capable of sensing. All psy­
chological acts require the interaction of an or­
ganism with an object, but in covert acts, such
as thinking. imagining, or dre:lming, the
sti:nulu5 may b? by substitution of one object
for another or by residual action of the previ­
ously stimulated organ. Organism-environ­
ment continuity as the locus of psychological
events characterizes the entire system. Aris­
totle inspired psychology of Thomas Aquinas,
Thomas Hobbes. and others. His interactional
approach remain;; an alternative to current
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1 1 6 AROUSAL AND ACTIVATION OF THE BHAIN

aroused state. The activity of the reticular for­
mation was presumed to parallel these states.

The notion of brain activation or arollsal as
existing on a continuum has led to a considera­
ble amount of confusion in the light of subse­
quent investigations. This has been particll­
larly evident from the substantial development
of research on the response of the autonomic
nervous system (ANS) to psychically "arous­
ing" events.

Since the discovery by Fere in the nineteenth
century that electrical activity of the skin is
spontaneously generated during rest and
changes in task-specific ways, investigations on
the correlation between skin resistance (or con­
ductance) and changes to events in the en­
vironment have been numerous. Subsequent
research has implicated changes in cardiovas­
cular systems, electrical activity in the muscle,
and pupillary contractions, all of which have
been found to bear lawful relationships to cer­
tain parameters of stimulus events and the con­
trol exercised by the subject in attending to
these events.

Paradoxes soon became evident. The de­
synchronization of the EEG corresponded to
many of these peripheral changes, yet gross
EEG does not habituate readily to stimulus
repetition, while autonomic responses do so
reliably. Critical experiments by Lace)' further
challenged the notion of a unified "arousal"
mechanism by demonstrating a fractionation
in responding between physiological systems.
When a subject looks or listens to external
events, heart rate slows and skin resistance de­
creases. However, when a subject attempts to
solve a difficult problem, heart rate accelerates
rapidly, while skin resistance still decreases.
The question arises: Which system is measur­
iug "arousal"?

Cortical Arousal

Addi tional perturbations for a simplified the­
ory ·were produced by the concurrent endeavors
of Shal-pless and Jasper in the United States
and Sokolov in Russia. These researchers were
the first to note that a change in activity of the
ANS is produced by a novel event; and that
habituation will ensue if the event is recurl"ent.
However, the important aspect aftheir findings
relate to the fact that changing any parameter
of the stimulus causes a reappearance of the

arollsal response (Sokolov, 1960), or in the Rus­
sian term, the orienting reaction. This suggests
that the arousal reaction is partly due to the
previous production of a cortical model. Sharp­
less and Jasper also noticed that the ANS re­
sponse separated into a phasic component
which habituated'readily and a tonic compo­
nent which habituated much more slowly.
Studies have now demonstrated that the phasic
portion is almost always of the order of 1-3 sec­
onds, depends upon the intensity of the stimu­
lus, and is entirely a reflex response. The most
common cause of its occurrence is a mismatch
to a previously encoded input (a memory trace).
Another way to express this is to suggest that
the phasic portion of the orienting reflex is sen­
sitive to stimulus information. The tonic por­
tion, while initially part of the orienting reac­
tion, can be brought under voluntary control
and can be extended in time depending upon
the interest or intentions of the individual.
Thus arousal, from Sokolov's demonstration,
must be cortical, at least where information is
involved, and not just"due to reticular neurons.
As well, arousal seems to split into two parts,
one of which is totally outside of the control of
the subject, and one which is not.

Since these discoveries, further advances in
the analysis of electrical brain waves have uti­
lized averaging and D.C. recording techniques.
When a series of evoked responses is averaged,
the effects of stimulus onset produce early posi­
tive and negative shifts technically described
as Ph N h P 2 , N 2 . These correlate temporally
with the phasic portion of ANS responses. In
D.C. analysis slow negativity is found to accom­
pany states of attention or expectancy. This re­
sponse is called a contingent negative variation
(CNV) and parallels fiR deceleration remarka­
bly (Lacey). Thus, not only are phasic and tonic
changes found in ANS peripheral mechanisms
but are also paralleled by phasic and tonic ef­
fects ill CNS electrical activity.

A final complication for a unified arousal the­
ory came as a result of lesion studies on
monkeys (work by Pribram and colleagues). It
was found, contrary to expectation, that the
behavioral correlates of orienting (head turn­
ing, ear flicking, focllsing, etc.) could be dis­
sociated from the autonomic responses of skin
resistance and heart rate. The critical finding
\....as that if, due to specific lesions, the organism
failed to produce autonomic responses to

I
I

I
t

I
I

·1

I
!,
I

la

r

i I

! !,

I r
I

·i:j
.!

I i,
I!.

!f ; ;

;1 I
i ,
\



AROUSAL AND ACTIVATION OF THE BRAIN

ArOllsal. The first control mechanism regu­
lates arousal and centers on the amygdala. The
amygdala acts to regulate both efferent and af­
ferent information transmitted between the
primary systems of the frontal lobe, the hypo­
thalamus, and the reticular formation. Frontal
lobe input to the amygdala determines the level
of distractibility of the organism, while the in­
tegration of information to and from the hypo­
thalamus in turn regulates a STOP mechanism
that arrests ongoing behavior sufficiently to
register a new event. The reticular formation
generates sufficient neural activity to boost the
signal to a level of awareness. In effect, the or-

. ganism then asks, What is it?
Activation. The second control system takes

ov~r when. the stimUlUS has been registered in
awareness. Handling the next stage in process­
ing, this system allows the organism to ask,
What's to be done? This phase is called the acti­
lJation or readiness phase and is centered on
the basal ganglia, structures that regulate mo­
tor control. While this system predominates, in
attending to the environment the organism's

Attention
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posture remains stable, muscle activity is re­
duced, heart rate slows, and a slow negative
shift in D.C. potentials is recorded. An organ­
ism can extend this phase until a suitable deci-.
sion is achieved: Take action, code input, or ig­
nore. .

Effort. A final control mechanism centering
on the hippocampus allows for a precise inte­
gration between these two modes. This control
system is postulated as requiring "effort." Ef­
fort is conceptualized in terms of the degree of
control essential to take the organism out of a
throughput or entirely reflex reaction, like the
stimulus-response reflexes characteristic of
lower organisms. Hippocampal function in
conjunction with the reticular formation
makes it possible for the organism to inhibit
continuous distraction and to avoid persevera­
tive responding to any stimulus. The effort
mechanism acts upon both the arousal and
the activation systems, regulating voluntary
behavior in sufficient measure' to allow for
planned, coherent activity, but not to such an
extent that meaningful or biologically relevant
stimuli go undetected.

Thus far, the attention system has been char­
acterized as reflexive and intentional without
qualitative distinctions between processes.
Two further operations are of interest to the
study of brain mechanisms in attention. While
the organism is functioning essentially in a
voluntary mode, its attention can be directed in
two ways. First, the organism may want to cata­
logue or selectively attend to stimulus events in
the external environment. When taking in in­
formation, selecting or coding input, the organ­
ism has its attention broadly focused, that is,
the arousal and activation modes are operating
in a state. of balance. When this balance is
achieved, the critical brain structures involved
in cataloguing or selectively attending to
stimuli are the areas of the temporal cortex
(the so-called association areas) for specific
sensory modalities. In the absence of these
structures the animal is "selectively" impaired
in making correct choices of the appropriate
channels for an individual mode.

Another attention process-one that has b~en
characterized, behaviorally, as narrowly fo­
cused-is related to tasks that require reason-
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stimuli, behavioral orienting occurred but
failed to habituate. Pribram found that the
critical brain structures involved in this dis­
sociation were the frontal cortex and the amyg­
dala (a system of nuclei found in the upper
brainstem).

Despite these many contradictions, theorists
have been reluctant to part with the concept of
a unified arousal system largely dependent
upon activation of the reticular formation. Re­
cently a critical analysis of the literature on the
disparate measures and findings in the study
of arousal and habituation (Pribram and
l\1cGuinness, 1975) has established a new con­
ceptual framework for the data, categorizing
the various findings in terms of the types of
attention and their respective control mech­
anisms. A source of inspiration for this en­
deavor comes from the analysis of attention
processes by William James (1950) who sug­
gested that attention could be both involuntary
(reflex) and voluntary, reflecting the intentions
or will of the ind i vid ual. Such a framework.has
made it possible to reconcile the conflicting
findings by postulating three major control sys­
tems.

Control Mechanisms
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118 AROUSAL SYSTEMS IN INFANTS: CONDITIONING

ing, problem-solving, or difficult discrimina­
tions. In such tasks the role of "effort" can be
most clearly discerned. The effort is conceptu­
alized neurally by the amount of damping that
hippocampal activity produces on the reticular
formation-an electrical analogue of "Do not
disturb." Effort is further demonstrated by the
rapid rise of heart rate, which appears to be the
result of an increase in the anaerobic metabo­
lism in the muscles (Berdina et a1., 1972).

In general, most effort is required in problem
solving tasks, such as mental arithmetic, where
external input is eliminated from awareness.
The difficulty of maintaining this mode of at­
tention varies according to the spontaneous ac­
tivity levels of individuals. Young children, for
example, find it impossible to concentrate on a
problem for more than a few minutes. In·
dividuals also have difficulty performing tasks
where discrimination between two very simi­
lar inputs is required. A dramatic illustration
of the effort required by such a task is found in
Pavlov's classic demonstration of neurotic
"breakdown" produced in dogs. The animals
v,'ere trained to respond to a high tone and to
ignore a low tone. As these tones were gradu­
ally made to sound alike, the effort to make the
distinction became so great that their neural
functioning began to deteriorate. The dogs
howled and wrenched at their harnesses.

The utilization of attention as a unifying
principle determining what we are aroused to
notice, or what we choose to be aware of, has
a decided advantage over the view that we are
either simply aroused or not aroused. Arousal
as defined here emphasizes the reflexive as­
pects of the attention system. For the young in­
fant it is the most characteristic mode of re­
sponding and it is slowly replaced by an ever
increasing control over the mode of activation
or readiness. In selective attention, arousal
generally precedes activation. The organism
notices something in his environment and dis­
tinguishes between stimuli. When the organ­
ism attends to internal events, as in reason­
ing or problem solving, activation precedes
arousal. Here the solution to the problem pro­
vides the maximum information, and the
arousal resulting from performing the task
varies according to the degree of creativity or
novelty provided by the solution. This account
provides an explanation for the significance of
the Aha experience, which so frequently culmi-

nates a long period of contemplation on a dif­
ficult problem.
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AROUSAL SYSTEMS IN INFANTS:
CONDITIONING

Historical Overview

Modern studies of infant conditioning origi­
nated in the 1920s and 1930s, based largely on
Pavlov's formulations. Pavlov's view that con­
ditioning was a higher cortical rather than a
subcortical function suggested that infants
lacking cortical maturity should fail to condi­
tion. On the other hand, the functional subcor­
tical structures of the infant might be expected
to mediate conditioning until inhibited by
maturing higher cortical mechanisms. Infant


