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ABSTRACT

This research tested the hypothesis that certain differences
between the behavior of mentally retarded individuals and that of non-
retardates reflect an inhibition deficit in retardate learning. The
evaluation consisted of a comparative examination of the conditioned
inhibitory strength of a former CS- used for differential GSR condition-
ing in both retarded and nonretarded subjects of similar age. Conditioned
inhibition, defined as the acquired ability of a stimulus to control a
response tendency opposite to excitation, was measured by two appropriate
paradigms, summation and reacquisition.

The overall experimental design was a 3 x 2 x 2 factorial type
involving Groups (mental retardates, a comparison group of nonretardates
trained to the same criterion of differential conditioning, or, a com-
parison group of nonretardates equated on the number of training trials),
Treatment (conditioning or control), and Inhibition Tests (summation or
acquisition). Ninety-six subjects, 32 retardates and 64 nonretardates,
completed three consecutive phases of training; habituation, differential
conditioning (or control), and inhibition testing. Both the habituation
and differential conditioning procedures were of a conventional nature,
with a tone and ambient Tight diminution as CSs and a finger-shock UCS.
The summation procedure consisted of the random presentation of five

compound CS-/CS* trials, five CS* alone trials, and five trials on which
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the CST was paired with the shock UCS. The reacquisition procedure
involved the presentation of 20 CS™ trials; a random 50 per cent of
which were paired with the UCS.

Assuming that retardates suffer a conditioned inhibition
deficit, the following hypotheses were formulated and tested: (1) Given
the same number of differential conditioning trials, or an equal degree
of response differentiation, the CS™, when presented in combination with
the CS*, will result in a smaller decrement in the responding of retar-
dates than in that of their nonretarded peers; (2) Given the same number
of differential conditioning trials, or an equal degree of response
differentiation, the development of CRs to the former CS-, when used as
the CS in single-cue excitatory conditioning, will be retarded to a
greater extent in nonretardates than in retardates. While the summation
data clearly confirmed the former hypothesis, analysis of the reacquisi-
tion data failed to reveal a significant retardate-nonretardate differ-
ence and thus, did not confirm the latter. The reacquisition data did
indicate, however, that the former CS™ acquired inhibitory control over
the responding of both intelligence groups. Although the results were
not in complete agreement with the predictions derived from the inhibition
deficit formulation, an analysis of alternative interpretations of the
data failed to provide a more parsimonious account. Implications of the

findings and suggestions for further research were discussed.
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INTRODUCTION

Mental retardation is essentially a behavior syndrome. This is
jndicated by the following definition which is currently used by the
American Association on Mental Deficiency:

Mental retardation refers to subaverage general intellectual

functioning which originates during the developmental period

and is associated with impairment in adaptive behavior.
(Heber, 1958, p. 3)

Expressed in terms of complex intellectual functioning and vague
developmental criteria, the definition is somewhat imprecise. An overall
objective of much psychological investigation in the area of mental re-
tardation is the refinement of this description. Such refinement might
be accomplished if differences in mental ability, presently given by
scores on heterogeneous psychometric tests, were reduced to a description
in terms of differences revealed by laboratory experiments in a small
number of presumably more unitary and basic functions or capacities. In
response to the criticism that this objective may be too ambitious or is
unattainable at present, Estes (1970) has suggested that such an approach
might at least lead to the replacement of the

. description of mental [retardation] in terms of a broad

cross section of performance on various tasks for which we
have little knowledge of boundary conditions, with a descrip-
tion in terms of performance and rates of gain in performance
in certain standard situations which are better understood and

more amenable to manipulation and analysis. (p. 54)

The data obtained from empirical comparisons of retarded and nonretarded



individuals in these laboratory situations would be expected to contri-
bute to the refinement of the description of mental retardation which,
in turn, perhaps might eventually lead to improved diagnosis and
therapy.

The approach taken in the present research was based largely on
the assumption that the discovery of 'learning functions' that are
correlated with intellectual or adaptive deficits would contribute to a
more precise description of the abnormalities involved in mental retar-
dation. The actual strategy employed was to compare the performance of
retarded individuals with that of nonretarded individuals in a particular
laboratory-learning situation. More specifically, the present experi-
ment was designed to provide a comparative evaluation of 'conditioned
inhibition' in both retardates and nonretardates; this being relevant to
an hypothesized 'inhibition deficit' in retardate learning. The meaning

of these terms is clarified in subsequent sections.

Concepts of Inhibition

In a scientific context, the term 'inhibition' originated within
neurophysiology (Sechenov, 1935; Sherrington, 1906) and referred to
hypothetical neural activity which opposed excitatory impulses. More
recently, evidence for neural inhibition has actually been found at both
the synaptic level (e.g., Eccles, 1964) and at the level of gross anatom-
ical brain structures (see Kimble, 1968). It was Pavlov (1929), however,
who first attempted to systematically relate a neurophysiological concept
of inhibition to behavior. In so doing, Pavlov was responsible for the

introduction of the term inhibition to psychological theory, in which it



came to be treated as an abstract hypothetical construct. In order to
examine some of the major theoretical interpretations of inhibition
which have arisen, a comparison of the role played by inhibition in
Pavlovian theory with those played in the theoretical systems of some
succeeding learning theorists is presented in the paragraphs which
follow.

Pavlov's objective associationism was based primarily on his
concept of the conditioned reflex which is today referred to as classi-
cal (or Pavlovian) conditioning. In his now famous experiments, Paviov
found that when meat powder (unconditioned stimulus--UCS) was placed in
a dog's mouth, it resulted in a reflexive increase in salivation
(unconditioned reflex--UCR); but if a 'neutral’ stimulus such as the
sounding of a bell (conditioned stimulus--CS) closely preceded the pre-
sentation of the meat powder several times, the sounding of the bell
came to evoke salivation (conditioned reflex--CR) independent of the
food. Pavlov viewed the development of such a simple conditioned reflex
or response, as beginning with its 'acquisition', which was brought
about by repeated 'reinforcement'; that is, the following of the CS
repeatedly by the UCS, and therefore UCR, at an appropriate temporal
interval. If reinforcement was discontinued and the CS presented alone,
unaccompanied by the UCS, the CR gradually diminished and disappeared,
a process Pavlov termed 'experimental extinction'. It was to explain
the extinction process that Pavlov first employed the concept of
inhibition.

Pavlov, greatly influenced by Sechenov (1935), initially dis-

cussed inhibition in terms of neurophysiological processes presumed to



occur in the cerebral hemispheres. In his theoretical interpretation
of empirical results, however, Pavlov used the concept of inhibition in
a somewhat different manner; that being, as a hypothetical intervening
variable which had Tittle or no reference to neurophysiological corre-
lates. In his account of experimental extinction, for example, Paviov
theorized that CR magnitude (dependent variable) decreased with the
number of nonreinforced trials (independent variable) due to the
'suppressive' effect of the inhibition (intervening variable) which
accumulated. Neurophysiological terms were used only in speculating
about the mechanism by which inhibition exerted its suppressive
influence.

During the course of his experimentation on conditioned reflexes,
Paviov discovered numerous empirical relationships and determined the
essential parameters involved in the establishment, maintenance, and
extinction of CRs. Many such relationships were taken by Paviov to
reflect behavioral manifestations of inhibition, which he separated
into three broad categories: external inhibition, disinhibition, and
internal inhibition. External inhibition described the temporary de-
crement of a CR due to an extraneous stimulus (e.g., when conditioned
salivation to a Tight is reduced by a sudden Toud noise). Similarly,
disinhibition described the temporary reappearance of an inhibited
(e.g., extinguished) CR due to the presentation of an extraneous stim-
ulus. More directly related to the present discussion, however, is
Pavlov's concept of internal inhibition. Internal inhibition was pre-
sumed to develop slowly and progressively under a number of different

experimental conditions, all of which involved either nonreinforcement



or delayed reinforcement. Experimental extinction was cne such proce-
dure which was postulated to reflect the development of internal
inhibition. The development of 'differential inhibition' and 'condi-
tioned inhibition', which were both subtypes of internal inhibition,
occurred under specific experimental conditions. In differential con-
ditioning, the reinforcement of one stimulus (cS*) separately from the
nonreinforcement of a second stimulus (CS~) was postulated by Paviov to
result in the development of differential inhibition to the nonreinforced
CS and the suppression of CRs elicited by that stimulus. The CS™ was
thus said to become inhibitory. Similarly, conditioned inhibition was
presumed to account for the case when a combination of stimuli was
rendered ineffective (i.e., elicited no CR) through nonreinforcement,
even though the combination included a stimulus which alone continued to
evoke a CR. The other stimuli in the combination were said to be inhibi-
tory. A final variety of internal inhibition, termed 'inhibition of
delay' was presumed to develop if a reqular interval of sufficient dura-
tion elapsed between CS onset and its reinforcement which occurred
simultaneously with CS offset. During the early portion of its isolated
action the CS became not only ineffective, but actively inhibitory of
other intercurrent activities.

Both the preceding classification and terminology provided the
background for a large number of subsequent experiments. Moreover,
Pavlovian theory provided much of the foundation from which many influ-
ential learning theories were derived. Examples of such theories are

that of Hull (1943; 1949), and the closely related theoretical system of

Spence (19563 1960).



By the time he had formalized his theory, Hull (1943; 1949) had
rejected the Pavlovian basis of inhibition and offered a much different
alternative. Hull's analysis assumed that the evocation of any response
produced something like 'fatigue' which reduced the tendency of the
organism to respond immediately again. This intervening variable,
termed 'reactive inhibition', was postulated to dissipate rapidly with
the passage of time, and was seen as a function of the amount of effort
required to perform the response, the number of trials, and the frequency
at which they occurred. His analysis further assumed that response
fatigue was a 'drive' condition, and thus, since Hull was committed to
a drive-reduction interpretation of reinforcement, ceasing to respond was
considered to reduce this drive and hence be reinforced. This Tearned
tendency not to respond ('conditioned reactive inhibition') also sub~
tracted from the capacity of the organism to react to a given stimulus
with a particular response. Like Pavlov, Hull postulated inhibitory
influences which had a suppressive effect on responding, but unlike the
Pavlovian formulation, the Hullian concept of inhibition was not in any
way related to nonreinforcement.

In his major reorganization of Hullian theory, Spence (1956;
1960) assigned only a minor role to Hull's inhibition variables and
returned to the traditional inhibitory factor which, as Pavlov had sug-
gested, was presumed to develop in strength as a function of nonrein-
forcement. The suggested mechanism, however, through which nonreinforce-
ment produced suppression of behavior was radically different in Spence's
theory. The postulated mechanism was that of hypothetical competing

(i.e., incompatible) responses which 'interfered' with CRs. Unlike



both Paviov and Hull, Spence regarded inhibitory effects to be of an
interference nature rather than of a suppressive nature, at least in
instrumental reward conditioning.

As indicated by the preceding discussion, the term inhibition
has received several different theoretical interpretations from the time
it was introduced by Pavlov as an explanatory term. A significant
commonality across these various theoretical treatments, however, is
that all of the previously mentioned theorists employed the concept of
inhibition as a hypothetical intervening variable which related indepen-
dent and dependent variables in such a way as to offer an account of

behavioral phenomena like extinction and differential conditioning.

Inhibition Deficits in Retardate Learning

Theory

Several investigators have attempted to relate a concept of
inhibition to intellectual development. At one extreme, Diamond, Balvin,
and Diamond (1963) have argued that inhibition is an overall manifesta-
tion of the neurophysiology of the organism which modulates intelligent
behavior. Without any experimental support, these theorists postulate
a direct relationship between neural inhibition and behavioral adequacy.
On the other hand, others (Heal, Ross, & Sanders, 1966; Scott, 1969;
Heal & Johnson, 1970) have completely avoided physiological speculation,
while suggesting that retardate behavior, as shown by performance in
various laboratory learning situations, reflects a deficiency in inhibi-
tory functioning. These latter investigators have generally defined

inhibition in purely psychological terms, in much the same manner as did



Hull, Spence, and others. For example, Heal and Johnson (1970) define
inhibition as “"withholding a response or suppressing stimulus input..."
(p. 108). They point out that inhibition is a hypothetical construct
which is defined in terms of antecedent and consequent events: "it must
be inferred from a change in behavior that is occasioned by a change in
the environment" (p. 108). Their definition further implies that there
must be a baseline against which any inhibition of behavior is assessed.
Much of the empirical data which has been interpreted as sup-
porting the notion of an inhibition deficit on the part of retardates
as compared to nonretardates, has been obtained in comparative classical

conditioning studies. These studies are reviewed in the following

section.

Experimental Evidence

Extinetion. To evaluate the notion of an inhibition deficit in
retardate learning, a number of investigators have compared extinction
of CRs in retarded individuals with that in nonretarded individuals. In
a review of several early Russian studies which compared the performance
of retarded and nonretarded children in classical conditioning of various
responses ranging from salivation to instructed-bulb squeezing, Denny
(1964) concluded that perhaps the most general finding was that retar-
dates tended to exhibit a slower rate of extinction than did nonretardates.
This finding that retardates persist in responding during extinction to
a greater degree than nonretardates, coupled with the observation that
retardates also often exhibit slower acquisition of CRs, has recently
been replicated (Lobb & Nugent, 1966; Lobb, 1968; Ross, Koski, & Yaeger,

1964) in studies using aversive UCSs and more precisely measurable



responses, such as the galvanic skin response (GSR) and the eyeblink.

In accordance with Pavlovian theory, the slower rate of extinction has
been taken by some (e.g., Denny, 1964) as evidence of an inhibitory
deficit in retardates. The observed differences in extinction between
the two intelligence groups, however, is open to other interpretations.
As Spence and Platt (1967) have suggested, rate of extinction may very
well be a function of the strength of a 'negative cognitive set' based
on a subject's recognition of nonreinforcement, rather than reflecting a
process such as Paviovian internal inhibition. Perhaps retardates do
not form such a set as rapidly as do nonretardates, due to a failure to
recognize stimulus change. Alternatively, in some cases differences in
extinction rate between retardates and nonretardates may arise from
acquisition differences. Furthermore, not all studies have found retar-
dates to be inferior to nonretardates in terms of rate of extinction.
For example, both eyelid conditioning data of Johnson (1968) and GSR
conditioning data of Baumeister, Beedle, and Urquhart (1964) failed to

indicate any significant retardate-nonretardate differences in extinction.

Differential Conditioning. In evaluating the notion that retar-
date learning is characterized by an inhibition deficit, a number of
investigators have also compared the performance of retarded and non-
retarded individuals in a differential conditioning situation. Differ-

ential eyelid conditioning performance of 32 nonretarded children (CA =
83 months) and 32 retarded adolescents (CA = 159 months) of similar
'mental age' (MA) was directly compared in a study by Ohlrich and Ross
(1968). Using a separate-phase differential procedure, each subject was

given 60 trials on which the stimulus that was to become the CS* was
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paired with a corneal air-puff UCS, prior to the introduction of the
CS™. In the differential phase of training, each subject was given 90
random presentations of a tonal ¢St or €S~ (0.8 and 2.5 kHz) over a
two-day period. Half of the subjects in each group received an inter-
stimulus interval (ISI--the temporal interval separating cst onset and
UCS onset) of 500 msec., while the other half received an 800 msec. ISI.
Ohlrich and Ross found that at the longer ISI, regardless of which tone
served as the CS*, both retardates and nonretardates responded differ-
entially to the positive and negative cues in terms of a percentage
frequency measure. The response decrement to the CS™, however,
developed gradually in nonretardates, whereas the retardates exhibited
a more sudden decrease in their response level on the first few trials
after the introduction of the CS~. The retardates' level of responding
to both CST and CS- remained relatively constant thereafter. There was
only minimal evidence for an increasing discrimination on the part of
nonretarded children, as the change in their differential responding
was quite small. The investigators concluded that the initial level of
responding to the CS™ largely reflected the amount of generalized re-
sponse strength from the positive to the negative cue upon the latter's
introduction. On the basis of the retardates' failure to show gradual
differentiation, they also suggested that whatever is necessary for
differentiation is lacking in retardates relative to MA equated nonre-
tardates, and to a lesser degree, lacking in children relative to adults.
A further series of related investigations was carried out by
Ohlrich (1968). He examined the mixed-phase (i.e., CS* and CS™ both

given from the start of acquisition training) differential eyelid
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conditioning performance of retardates using tonal CSs and an air-puff
UCS. Ohlrich found that 60 trials of such training at any of the ISI
values used (500, 800, and 1100 msec.) was insufficient to produce
differential conditioning in the retardates. Even when an extra 200
conditioning trials were given, the degree of response differentiation
between the CST and CS™ at the Tonger ISIs (800 and 1100 msec) was infer-
ior to that of college students who demonstrated good differential con-
ditioning in 100 trials with the same parameters. Furthermore, Johnson
and Heal (1967), in a similar study of differential eyelid conditioning
using tonal CSs (1 kHz and 2 kHz) and an air-puff UCS, found little
evidence of response differentiation in retarded adults within 100 trials,
at several different ISIs.

In addition to the differential eyelid conditioning studies, a
group of investigators (Grings, Lockhart, & Dameron, 1962; Lockhart &
Grings, 1964) have also examined differential GSR conditioning in college
students and retarded adults. Using a tone as the CS*, a light as the
CS™, and an arm-shock UCS, Grings and his co-workers obtained successful
differential conditioning in retardates, as measured by response magni-
tude on various test presentations of the CS* alone, compared to those
responses elicited on CS- trials. Differential responding was found to
be an increasing function of the number of trials, as is generally the
case in the establishment of an instrumental discrimination. Differen-
tial responding in nonretardates, however, developed much more quickly
and-remained fairly constant throughout training. Notwithstanding the
fact that the required discrimination developed very quickly in nonre-

tardates, these results indicate that differential GSR conditioning can
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readily be established in both high grade (IQ 53-78) and low grade
(IQ 20-43) mental retardates at either of two ISIs (.5 and 5 sec.).

In summary, the differential conditioning studies indicate that
good response differentiation is more difficult to establish in retar-
dates than in nonretardates, especially at short ISIs and within a
limited number of trials. This general finding has been interpreted
by some investigators (e.g., Heal & Johnson, 1970) as evidence of an
inhibition deficit on the part of retardates. They have interpreted
the retardates' inferior performance on such tasks as reflecting their
inability to inhibit responding to the CS™. Such an interpretation
rests on the assumption that an important factor in differential respond-
ing is the accumulation of inhibition to the CS=. A corollary of this

assumption is that,

. inhibition is not only evidenced by differentiation, but,
as the CS* and CS- are brought closer together, by a decrease
in level of responding to the CS*, presumably due to general-
ization of inhibition from the CS~.
(Heal & Johnson, 1970, p. 114)
Like the extinction data, however, the findings of the compara-
tive differential conditioning studies do not preclude alternative
interpretations. Although the data are consistent with an inhibition
deficit hypothesis, some theorists have previously argued that rather
than reflecting a deficit in inhibitory functions, such findings may
reflect poor attention or high distractability on the part of retardates
(e.g., Marinesco & Kreindler, 1933). More recently, Zeaman and House
(1963) have advanced a similar hypothesis as a way to account for retar-

dates' difficulty in instrumental discrimination learning. Denny (1964),

on the other hand, poses the following questions:
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Is the inability to 'attend' caused instead by the inability
to inhibit? May not the retardate's failure to inhibit the
effects of extraneous stimuli account for this inability to
attend to a particular task? (p. 103)
As Berger (1954) has suggested, perhaps the inhibition deficit is more
basic.

Apart from theoretical considerations, the results of the com-
parative differential conditioning studies of both eyelid response and
GSR, suggest a number of methodological generalizations. In order to
maximize response differentiation between CS* and CS- in retardates, for
example, adult subjects rather than children should be used. Similarly,
a relatively long ISI, an extended series of conditioning trials, and
the use of clearly distinguishable CSs such as stimuli from different

modalities, should all serve to increase response differentiation in

retarded individuals.

Current Concept of Conditioned Inhibition

Definition

Rescorla (1969) has recently redefined Pavlovian conditioned
inhibition in purely methodological terms. Although closely related to
the original Pavlovian concept, Rescorla's description contains no refer-
ence whatsoever to any particular neurophysiological correlates or
particular training paradigm. He defines conditioned inhibition as the
acquired property of a stimulus to control a response tendency opposed
to excitation. Typically, conditioned excitation is defined by the
fulfillment of two conditions: an operation relating a conditioned
stimulus and an unconditioned stimulus, such as the temporal pairing of

the two; and secondly, a change in behavior as a result of this operation.
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A stimulus is a conditioned inhibitor then, if, as a result of the
experience of the organism with some operation relating that stimulus
to the UCS, the stimulus comes to control a tendency opposite to that
of the conditioned excitor. Rescorla has further emphasized two
important aspects of this particular definition:

1. The experience must be with the same UCS as that forming
the basis for the conditioned excitor.

2., The tendency controlled by the conditioned inhibitor must

be opposite to that controlled by the conditioned excitor

(cf. Jenkins, 1965). If the excitor produces an increased

probability, decreased latency, and increased vigor of a

particular response, then a conditioned inhibitor should

decrease its probability, etc. Furthermore, the conditioned

inhibitor should be specific to the behavior controlled by

the excitor . . . . (p. 2)
Conditioned inhibition is thus a hypothetical construct defined in terms
of both antecedent and consequent events. As Heal and Johnson (1970)
point out, "Inhibition itself is not observable; it must be inferred
from a change in behavior that is occasioned by a change in the environ-
ment" (p. 108). Whether or not, as Pavlov (1927) suggested, conditioned
inhibitory tendencies are more fragile than excitatory tendencies, or
quickly dissipate with time, are empirical questions concerning the
properties of conditioned inhibitors; the definition, however, of a
conditioned inhibitor is expressed purely in terms of the control of a

response tendency directly opposite to that of a conditioned excitor.

Measurement of Conditioned Inhibition

In the vast majority of classical conditioning studies, a
'neutral' stimulus is selected as the CS; that is, a stimulus which
elicits 1ittle or no responding prior to the administration of any con-

ditioning trials. This neutrality, however, makes it difficult to
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measure the degree to which a second stimulus acquires control over a
tendency opposite to that of the CS. In order to solve the problem of
detecting conditioned inhibitory effects, a variety of special tech-
niques designed to measure conditioned inhibition have been developed.
In his methodological article, Rescorla (1969) pointed out two such
techniques as being the most suitable indicators of conditioned inhibi-
tion, since they directly monitor the ability of a stimulus to control a
tendency opposite to excitation. The following paragraphs outline these
two procedures and exemplify their use with reference to the experi-

mental Titerature.

Summation. Pavlov's summation procedure is perhaps the most
direct method of measuring conditioned inhibition. Given stimulus S0,
which has been shown to be an excitor of a specific response, R, it is
possible to determine if a second stimulus, SI, is a conditioned inhibi-
tor of R, by comparing the magnitude (or some other appropriate measure)
of R elicited by the combination of SI and SO with that elicited by So.
Generally, the 51 S0 combination is arranged such that the onset of 51
occurs simultaneously with that of S0. If this combination produces a
smaller magnitude R than that elicited by S0 alone, then SI is taken to
be a conditioned inhibitor. S1 is a conditioned inhibitor, however,
only if it acquires such properties as the result of the experience of
the organism with some operation relating 51 to the UCS.

It should be noted that this measurement technique reflects the
assumption that excitation and inhibition are algebraically additive,
each producing directly opposite effects. This assumption, however,

places no constraint on the direction of the behavior change. For
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example, if an excitatory stimulus, SO, results in a decrement in re-
sponding, then SI is a conditioned inhibitor if the combination, 51 S0
produces an increment in responding relative to 0.

The summation procedure has been used to demonstrate conditioned
inhibition with a variety of different kinds of stimuli serving as the
known elicitor of behavior. Conditioned inhibitory effects have been
measured in terms of the reduction of behavior elicited by an excitatory
¢S (e.g., Szwejkowska, 1957); the reduction of behavior elicited by a
ucs (e.g., Sergeev, 1961); the reduction in the general level of condi-
tioned excitation (e.g., Rescorla & LoLordo, 1965); and, by stimulus
generalization of inhibition (e.g., Jenkins, 1965). The technique which
is of primary interest for the present purposes is the demonstration of
inhibitory effects in terms of reduction in behavior elicited by an
excitatory CS. Several demonstrations of this type are reported in
Konorski's (1948) book, although the initial experiment was performed
by Pavlov (1927). In one of a series of related experiments, Paviov
examined the reduction in salivation to an excitatory CS when it was
presented in combination with a second stimulus which had been repeatedly
presented to the dog but never followed by food (ucS). He found that
the reduction, in terms of drops of saliva per unit time, was greater
than that produced when the CS was presented in conjunction with a novel
stimulus. This comparison of the suspected conditioned inhibitor plus
the excitatory CS, versus a novel stimulus plus the CS, has become a
common control procedure, providing a measure of conditioned inhibitory
effects unconfounded with stimulus generalization decrement effects.

More specifically, Rescorla (1969) notes that:
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A frequently raised difficulty is that the test presentation
of the SI SO combination simply involves the presentation

of a stimulus complex which varies in similarity to the
conditioned S0; such decrements as may be observed can then
be attributed to stimulus generalization decrement without
reference to inhibitory control of SI. It is clear that
effects of SI can be assessed by appropriate control proce-
dures designed to identify the treatment of S1 necessary to
make it an inhibitor. (p. 7)

The summation procedure has also been used with a wide variety
of different responses and paradigms, and particularly in situations
involving aversive UCSs. For example, Bull and Overmier (1968) have
demonstrated conditioned inhibitory effects in terms of an increase in
the latencies of avoidance responses of dogs to a cS* signalling shock,
when the CST was accompanied by the CS™, a stimulus signalling no shock.
Rodnick (1937) has used a summation procedure in a GSR (galvanic skin
response) conditioning study with humans to detect conditioned inhibitory
effects during the early portion of a long-delay CS for a shock UCS.
Furthermore, a number of investigators working within an operant condi-
tioning framework have developed a procedure similar to the summation
technique for demonstrating stimulus control of nonresponding (i.e.,
inhibitory stimulus control). Brown and Jenkins (1967), for example,
observed a significant decrease in the rate of pigeons' key pecking,
when an S- (a stimulus in the presence of which responses were never
reinforced) was presented in conjunction with a discriminative stimulus

(SD) for food reinforced responding. They interpreted this reduction

in response rate as evidence for the inhibitory control of S-.

Reacquisition. The second procedure for measuring conditioned
inhibition deals with the subsequent excitatory conditioning of a

stimulus suspected to be a conditioned inhibitor of the response
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elicited by the original UCS. If excitation and inhibition are taken

as being subtractive from each other, then using a conditioned inhibitor
for single-cue excitatory conditioning should retard the development of
overt conditioned responses. For instance, Pavlov (1927) reported an
investigation in which the acquisition of a salivary CR to a former CS™,
which previously signalled the absence of food, was greatly retarded.
Later investigations dealing with the development of salivary CRs to a
former CS- for food have yielded similar findings (c.f., Szwejkowska &
Konorski, 1959). A number of other workers such as Hammond (1968), and
Carlton and Vogel (1967), using a conditioned emotional response proce-
dure (CER: see Estes & Skinner, 1941) with rats, have reported that the
development of conditioned suppression to a former €S- for shock was
much slower than that to a novel stimulus. These investigators have
interpreted their findings as evidence that the CS- was an effective
conditioned inhibitor.

As Rescorla (1969) has pointed out, with both the summation and
reacquisition procedures, there is the possibility that observed behav-
joral decrements may result from selective attention rather than from
conditioned inhibitory effects. For instance, in the summation
procedure, the treatment designed to endow SI with conditioned inhibi-
tory properties may lead the organism to focus 'attention' on SI, with
a resultant decrement in 'attention' to S0. Presentation of SI might
then decrease the response to 50, when presented in combination, by
causing a shift in 'attention’ away from the stimulus normally control-
ling the response without actively controlling a tendency opposite to

that of S0. Conversely, it is possible that, as a result of the
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immediately preceding training designed to produce a conditioned inhib-
jtor, an organism may not 'attend' to the suspected inhibitory stimulus.
As a consequence, in the reacquisition test procedure, retardation of
the development of excitatory CRs could occur without any effect of
conditioned inhibition. The literature on the phenomenon of so-called
'latent inhibition' provides some support for this notion. A number of
researchers (e.g., Lubow, 1965; Schnur & Ksir, 1969) working with
different response systems, héve reported that a series of CS alone
trials, administered prior to any conditioning trials, often results in
retardation of the development of CRs in single-cue conditioning. Such
retardation is presumably due to the subject's initial inattention to a
stimulus which previously had Tittle significance.

The possible confounding of selective attention and conditioned
inhibitory effects, however, may be controlled if both the summation and
reacquisition procedures are employed in the same experiment. The
rationale behind the use of both procedures to demonstrate conditioned
inhibition is described by Rescorla (1969) as follows:

It seems reasonable that a stimulus to which the organism

does not attend will be retarded in acquisition of an excit-

atory CR but will produce little effect in the summation

procedure. On the other hand, a stimulus which attracts

attention might be expected to produce decrements in the

summation testing procedure but to lead to facilitated

acquisition of an excitatory CS. (p. 11)
Thus, a stimulus which results in the selective attention of the organism
should not produce conditioned inhibitory effects in both the summation
and reacquisition procedures. Since attentional accounts of mental

retardation are popular, it appears necessary to measure conditioned

inhibition with both procedures.
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Development of Conditioned Inhibition

A variety of different procedures have been thought to endow a
stimulus with inhibitory properties. In terms of the 'contingency'
approach popularized by Rescorla (1967), however, the procedures which
do in fact generate conditioned inhibitors are typically those in which
the onset of the stimulus designed to acquire inhibitory control is
negatively correlated with the onset of the UCS. Conversely, a stimulus
which signals (i.e., is positively correlated with) UCS onset, gains
excitatory control. Furthermore, to be termed a conditioned inhibitor,
a stimulus must acquire its inhibitory power through an associative
process resulting from a specific relationship arranged between CSs and
UCSs.

Extinction of an excitatory CS has often been postulated to
transform the CS into a conditioned inhibitor (Paviov, 1927). Following
an extensive review of the literature bearing on this question, however,
Rescorla (1969) concludes that the evidence from studies using either
summation or reacquisition test procedures, indicates that conditioned
inhibitors are not generated by extinction. Moreover, the reacquisition
studies reveal that a formerly excitatory €S, no matter how much extinc-
tion training intervenes, will recondition faster than a novel stimulus.
Similarly, one additional procedure thought to lead to the development
of conditioned inhibition, that in which a stimulus signals UCS termin-
ation, has received little experimental support.

Perhaps the surest evidence for the development of conditioned
inhibition comes from differential conditioning studies, and closely

related procedures, in which a stimulus is negatively correlated with
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the UCS. There is only meager evidence that 'inhibition of delay' pro-
cedures, in which a Tong delay CS precedes the UCS, result in the
inhibitory control of the early portion of the CS. Consequently, in
the preseht research emphasis was placed on the most reliable and
straightforward procedure of developing conditioned inhibition; that of
Pavlovian differential conditioning.

There is a large body of evidence indicating that a former CS~
of a differential conditioning sequence is a strong conditioned inhibi-
tor. As indicated earlier, Pavliov was first to use differential
conditioning and a summation procedure to demonstrate that a CS— reduced
the salivation elicited by the CS* to a greater degree than that occa-
sioned by a novel stimulus presented in conjunction with the CS*. Also,
Hammond (1967) has found that with a CER procedure, a CS™ reduced the
suppression of ongoing operant behavior normally elicited by the CS*, to
a greater degree than that by a novel stimulus plus the CS*. Rescorla
and LoLordo (1965) report that a CS~ inhibited fear, in the sense of
disrupting ongoing Sidman avoidance behavior in rats, while in novel CS,
"truly random' CS, and CS alone controls (i.e., animals receiving no
separate differential conditioning) presentation of the CS resulted in
very little disruption. In a GSR conditioning study with humans, Grings
and 0'Donnell (1956) using a summation procedure, found that a CS~ for
a shock UCS, when coupled with the CS*, reduced the GSR magnitude nor-
mally elicited by the CS* to a greater degree than that by a novel
stimulus. There is also evidence that the €S-, following differential
conditioning, is a conditioned inhibitor as measured by the retardation

of the development of CRs procedure. As mentioned previously, Hammond
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(1968) reported that in an avoidance learning situation, a former CS~
for shock was much more difficult to establish as a CS* for shock than
was a control stimulus. In summary, then, it may be concluded that
discriminative stimuli which signal the nonoccurrence of the UCS, such
as the CS- in differential conditioning, do satisfy the criteria for
conditioned inhibitors. They do so largely because of a negative con-

tingency between the stimulus and the UCS, as Rescorla (1969) specifies.

The Present Study

In order to accurately compare the strength and development of
the conditioned inhibitory properties of a former CS™ between retardates
and nonretardates, it is particularly necessary to ensure that retar-
dates learn to respond differentially to the positive and negative cues.
Significant differential responding may be guaranteed if each retardate
is trained to some specific criterion of differentiation prior to re-
ceiving any tests of conditioned inhibition. Given this procedure,
there are two comparative strategies open to an investigator. One such
strategy is to equate the amount of training across both nonretarded and
retarded subjects prior to testing the conditioned inhibitory properties
of the former CS™, by yoking nonretarded subjects to individual retar-
dates in terms of the number of differential conditioning trials. The
alternative strategy would be to equate the performance of the two
groups prior to the administration of the conditioned inhibition tests,
by training the nonretarded subjects to the same differentiation criter-
jon as that used with the retardates. Each procedure used alone,

however, suffers a limitation. If, for example, the amount of training
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were equated in both groups of subjects, and as the evidence suggest
(e.g., Lockhart & Grings, 1964), the retardates attained a lesser
degree of response differentiation than the nonretardates, the CS-

could have become a stronger conditioned inhibitor in nonretardates
simply due to the fact that they had overlearned the differentiation.
Similarly, if only criterion performance was equated across the two
groups of subjects, the conditioned inhibition tests would provide
information concerning the development of conditioned inhibition but

not necessarily its ultimate strength. Suppose that performance was
equated across both groups, and, as expected, the nonretardates achieved
an equivalent degree of response differentiation with much less training,
but no differences occurred between the two groups of subjects in the
strength of the conditioned inhibitory properties of the former CS-. It
could hardly be concluded that no inhibitory deficit exists in retar-
dates. Nonretardates might merely require more training for the CS- to
achieve a higher degree of inhibitory control than in the case of
retardates.

The use of both nonretardate comparison groups, one equated with
the retardates on the amount of training and the other on the degree of
response differentiation attained, would provide much information as to
the effects of these variables on the strength of conditioned inhibition.
Moreover, if the two procedures were used and the retardates were shown
to be inferior to both groups of nonretardates, in terms of the inhibitory
strength of the CS-, then substantial evidence for a conditioned inhibi-
tion deficit in retardate Tearning would have been provided. Thus, in

the present study, each subject from one group of nonretardates was
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individually yoked to a retardate, in terms of an equal number of
differential conditioning trials, while another group of nonretardates

was equated with the retarded subjects in terms of differential condi-

tioning performance.

Hypotheses

If retardates suffer from a deficit in conditioned inhibition,
the following hypotheses should be confirmed:

(1) Given the same number of differential conditioning trials,
or an equal degree of response differentiation, the CS-, when presented
in combination with the CS*, will result in a smaller decrement in the
responding of retardates than in that of their nonretarded peers, on
the basis of comparisons with appropriate control groups.

(2) Given the same number of differential conditioning trials,
or an equal degree of response differentiation, the development of CRs
to the former CS™, when used as the CS in single-cue excitatory condi-
tioning, will be retarded to a greater extent in nonretardates than in
retardates, according to comparisons with appropriate control groups.

Assuming that the CS- does become an effective conditioned
inhibitor, differing only in degree between retardates and nonretardates,
the response decrement occasioned by the CS-, when presented in combina-
tion with the CS*, will be greater in both groups than that produced by
a novel or control stimulus. Similarly, during subsequent single-cue
excitatory conditioning, the development of CRs in both types of subjects
will be retarded to a greater extent when the former CS~ is used than

when a novel or control stimulus is used. If, however, the CS- fails to
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gain any inhibitory control over the responding of retardates whatso-
ever, then, of course, there would be no difference between the CS™ and

the control stimulus in either the summation or reacquisition procedures.

Methodological Considerations

The response system studied was the GSR since the evidence indi-
cates that both retarded adults and college students can be readily
conditioned to respond differentially to clearly distinguishable positive
and negative‘cues without prolonged training (Grings, Lockhart, &
Dameron, 1962; Lockhart & Grings, 1964). As previously indicated, the
same cannot be said for differential eyelid conditioning.

The GSR is defined as a rapid decrease in the electrical resis-
tance measured between two points on the skin. Differing from the slow
tide-1ike changes in the so-called 'basal' or 'tonic' resistance level,
the GSR is a rapid, temporary decrease of the electrical skin resistance
occurring in response to a wide variety of types of stimulation. A Toud
noise, a brief electrical shock, an itch or a thought may act as an
effective eliciting stimulus. The GSR is an indirect result of an auton-
omic response; that response being a reflexive increase in sweat gland
activity regulated by the sympathetic nervous system. The GSR has been
regarded (e.g., Sokolov, 1960) as one component of a more general, non-
specific reflex termed the 'orienting reflex' (OR), which is evoked by
any sufficiently large quantitative or qualitative change in the
stimulus field. The OR is a constellation of reflexes consisting of
autonomic components such as the GSR, vasomotor reactions, change of
heart rate and respiration; central components such as alpha-blecking in

the EEG; and somatic components. Perhaps the most widely used method of
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recording the GSR is a constant current technique, in which a sTlight,
steady DC current is continuously passed through the skin by means of
appropriate electrodes while the voltage developed across the electrode-
skin circuit is recorded (see Montagu & Coles, 1966). As the voltage is
in direct proportion to the circuit resistance, a simple transformation
yields the subject's skin resistance.

Due to the long latency (2-5 sec.) characteristic of the GSR, it
was necessary to employ a number of 'test' trials, or CS* alone trials,
so as to permit measurement of CRs to the CSt during the conditioning
phase of training. Moreover, a relatively Tong, but optimal ISI was
used. Longer ISIs have been reported to result in better differential
GSR conditioning in college students by Kimmel and Pennypacker (1963)
who, studying four such intervals (0.25, 0.50, 1.00, and 2.00 sec.),
found the degree of differential responding to be an increasing function
of the delay between stimulus onsets.

Due to the extreme sensitivity of the GSR to both internal and
external stimulation, the use of a 'novel' stimulus against which to
compare CS™ effects would confound such effects with those resulting
from stimulus novelty. This problem may be overcome, however, if CS-
elicited GSRs are compared to those elicited by a 'noncontingent' CS-
of an appropriate control group, rather than a novel stimulus (cf.,
Rescorla, 1969). In both the summation and reacquisition test proce-
dures, the comparison of responses elicited by the former CS- of a group
having received differential conditioning with those elicited by the CS~
of a control group which received similar training, except for the

absence of any systematic relationship between the CS- and UCS, would
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provide an accurate measure of conditioned inhibition. The control
procedure used in the present study consisted of the presentation of a
series of €S~ alone trials, equal in number to that used for differ-
ential conditioning, which overlapped the conditioning sequence of CS*

- UCS and CS* alone trials. This procedure, which is described in
detail in the next chapter, was designed to provide a baseline of re-
sponding to the CS-, in the absence of any contingency, against which to
measure conditioned inhibitory effects.

A further methodological consideration lies in the rationale for
using a nonretardate comparison group of similar chronological age (CA)
rather than, for example, an MA-matched group. Upon theoretical analysis
of the issues related to this question, Estes (1970) offers the following
considerations and conclusion:

If previous opportunities to learn are in fact equated for all
the groups of subjects being compared, then among groups having
the same CA, those with higher IQs will differ with respect to
parameters having to do with rate of learning as well as with
respect to present levels of the skills and knowledge sampled
on the test. This is so, since the higher-IQ groups would have
profited more from equal opportunities to learn over the same
period of time. One might expect, then, by means of these
comparisons, to localize the differences in learning rates with
respect, for example, to particular types of tasks or intellec-
tual functions, and to investigate conditions that might modify

the differential learning rates in laboratory learning situa-
tions. (p. 56)

Similarly, both E1Tis (1969) and Heal (1970), in reference to retardate-
nonretardate comparisons, have suggested using a procedure in which CA
and all nonintellectual variables are held constant.

A final consideration concerns the argument against lumping to-
gether different diagnostic types of mental retardation. Both Denny

(1964) and Lipman (1963) have pointed out that the exclusion of
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etiological category as a variable, which is commonly done in mental
retardation research, is unfortunate, since it is possible that some
specific deficit or combination of deficits is more basic with different
etiological classifications. In accordance with this consideration, the
subnormal subjects used in the present experiment were subdivided into
two broad etiological categories: ‘'functional' retardates and 'struc-
tural' retardates. A functional retardate is defined as one in which
there is no detectable pathology of the central nervous system, while a
structural retardate exhibits evidence of such pathology. Although such
a dichotomy is far from the refined medical classification that may be

possible, it is nevertheless a realistic step in that direction.



METHOD

Subjects

A total of 103 persons served as subjects (Ss). Thirty-seven
were mentally retarded, ranging in age from 18 to 25 years (mean = 20.6
years). They were selected from the resident population of the Ontario
Hospital School, Cedar Springs. Onty those retardates whose recorded
IQ was between 30 and 65 and who did not have a hearing disability, a
severe visual defect, or any neurological impairment of the 1limbs, and
who were not psychotic, epileptic, or currently receiving medication
were selected as Ss. In addition, the retardate sample was divided
with respect to sex and etiological category ('structural' or 'func-
tional'), as were all treatment groups derived from this sample.

Volunteers from the students enrolled in the Mental Retardation
Counsellor certificate course, which was given at the same institution,
served as nonretarded Ss. Their age was also restricted to the 18 to 25
year range (mean = 20.4 years) and their 'normal' intelligence estab-
lished by a record of at least Grade 11 education. Sixty-six were

selected as Ss in the same sex ratio as for the mentally retarded Ss.

Apparatus

The GSR conditioning and recording apparatus consisted of a
Grason-Stadler Psychogalvanometer (Model E664) used in conjunction with

a Fels Dermohmmeter (Model 22-A) and a two-channel direct inkwriting

29
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oscillograph (Beckman Dynograph, Type RS). The Dermohmmeter produced
a constant DC current of 70uA which was delivered to § through two
recording electrodes which consisted of zinc discs, 2 cm. in diameter,
set in Plexiglas cups. These electrodes were positioned on the volar
and back surfaces of S's left hand. Electrode jelly composed of zinc
sulphate, bacto-agar and distilled water was used between the zinc
electrodes and the place of application. The Dermohmmeter provided a
continuous measure of S's electrical skin resistance between the two
recording electrodes which was recorded on one channel of the Dynograph
operating at a chart speed of 1 mm/sec.

The UCS used for conditioning was a 1.0 mA electric shock of
0.5 sec. duration, generated by an electric shock source housed in the
Psychogalvanometer. The shock was delivered through two zinc electrodes,
10 mm. in diameter, attached by adhesive tape to the index and third
fingers of S's right hand.

One CS was an 8k Hz tone, presented over a loud speaker posi-
tioned directly in front of the seated S. The measured intensity of the
tone was 70 db (re: 0.0002 dynes/cm2), with a duration of 800 msec.
The other CS was an 800 msec. diminution of the ambient 1ight in the
experimental chamber, from approximately 12.0 ft. candles to 0.07 ft.
candles of illumination. For one-half of Ss in each treatment group
receiving a differential conditioning sequence of trials, the pure tone
served as the CS* and the visual stimulus as the CS-. For the other
half of such Ss, this arrangement was reversed. On trials in which the
cS* was paired with the UCS, the ISI was 800 msec.; that is, UCS onset

was coincident with the cst offset. A1l stimuli as well as the ISIs
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were sequentially controlled by timers incorporated in the Psychogal-
vanometer. The duration of both the tone and the UCS was also
controlled by the Psychogalvanometer, while the duration of the visual
stimulus was controlled by a Hunter decade interval timer (Model 111-C).
Both the presentation sequence of all stimuli and the intertrial inter-
vals (ITIs) were controlled by a Gerbrands three-channel punched-tape
programmer. An event-marker of the Dynograph recorded CS onset on each
trial.

The experiment was performed in a mobile Taboratory in which a
one-way window separated S from E and the bulk of the equipment. Plate I
shows the general configuration of equipment and the experimental control
portion of the laboratory, while Plate II illustrates the S chamber. Ss
were seated in a comfortable chair throughout the experimental session
and were shown commercially available motion pictures depicting animal
wildlife and 1ife in foreign countries. The super-8 mm. movies were
projected by a Bolex projector to a reflectance mirror which directed
the image to a viewing screen positioned about 1.5 m. directly in front
of the seated S. The technique of showing movies to low grade retar-
dates during eyelid conditioning was first reported by Ross, Koski, and
Yaeger (1964) to distract Ss so they would tolerate the experimental

situation.

Design

The overall experimental design was a 3 x 2 x 2 factorial type,
involving Groups [mental retardates (MR), performance equated nonretar-

dates (PN), or training equated nonretardates (TN)], Treatment
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PLATE 1.

Configuration of equipment in the control
portion of the Taboratory.
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PLATE II. The subject chamber of the laboratory.
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PLATE II. The subject chamber of the Tlaboratory.



34

(conditioning or control), and Inhibition Tests (summation or reacquisi-
tion). Of the initial 103 Ss, 96 (32 retardates and 64 nonretardates)
completed the experiment which consisted of three phases of training:
habituation, differential conditioning, and inhibition testing. While
the procedures used in each of these phases of training are detailed in
the following section, a schematic summary of both the experimental
design and the sequence of training used in this study is presented in
Table 1.

As stated previously, it was hypothesized that the former CS™
used in the differential conditioning sequence of trials would have a
greater suppressive effect for the nonretardates than it would for the
retardates as measured by both the summation and reacquisition test
procedures. Furthermore, the average magnitude of such suppressive
effects could be determined within each of the three major groups of Ss
by comparing the inhibition test data of Ss who had previously been dif-
ferentially conditioned, with those of Ss who had received the control

sequence of trials.

Procedure

Each S was individually tested by the same E. After S had been
escorted to the laboratory and seated in the reclining chair, both the
GSR recording electrodes and the fingershock electrodes were properly
attached. During this period, nonretardates were instructed that the
purpose of the experiment was to measure changes in their skin conduc-
tivity to various stimuli such as sudden darkness, noise, and/or mild

electrical stimulation, and to compare such changes to those of mentally
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retarded individuals of the same age. Retarded Ss were told essentially
the same thing but such words as ‘conductivity' and 'stimulation' were
replaced with simpler words (e.g., 'skin messages' and ‘tingles').
Following this, each S was asked to relax and pay attention to the
movies. The S's electrical skin resistance was recorded throughout this
five or six-minute relaxation period so as to allow for stabilization of
S's basal resistance level. The first phase of training was then initi-
ated. Each S received a series of habituation trials consisting of five
presentations of the visual stimulus (L) and five presentations of the
auditory stimulus (T). The sequence of stimuli was random (LTLTTLTLLT).
" The ITI varied between 20 and 60 sec. As in all phases of training,
stimuli were presented according to an alternating sequence of 20 sec.
periods of time. Periods of time in which a trial was randomly pre-
sented at any point within the period alternated with periods of time
having equal duration in which a trial was never presented.

Immediately following the habituation trials, each S received a
mild, subthreshold electrical fingershock of approximately five sec.
duration which enabled E to determine the appropriate setting of the
Psychogalvanometer stimulator, so as to deliver a 0.5 sec. current of
approximately 1.0 mA. A similar procedure was repeated after every 16
training trials so as to permit readjustment in accordance with changes
in the electrical resistance of the fingershock electrode-skin circuit.
As outlined in Table 1, a series of either differential conditioning or
control trials was then presented (Phase two).

One half of the retardate sample received a series of differen-

tial conditioning trials, 37.5 per cent of which were single CS” trials,
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37.5 per cent of which were paired CS* - UCS trials, and 25 per cent of
which were CS* test trials. Moreover, each block of eight trials con-
sisted of three CS* - UCS trials, three CS- trials, and two CS* test
trials presented in random order, apart from the restriction that no

two CS* test trials occurred adjacently. The actual sequence of CS-,
cst, and €St - UCS trials used in the differential conditioning series
is presented in Appendix A. Each retardate in the conditioning group
received such training until the following criterionl was reached:

three consecutive GSRs elicited by the CS- with a magnitude of not more
than 50 per cent of those elicited on each of the two CS* test trials,
in any eight trial block. If S failed to reach this criterion after 72
conditioning trials, he was replaced. Of the 37 retardates, two refused
to participate and three who received differential conditioning training
failed to reach the criterion.

The same type of differential conditioning training was given to
two nonretarded groups (N = 16). Each S in one of these groups was indiv-
idually yoked, in terms of identical trials, to one retardate who had
received the differential conditioning sequence. Ss in this group were
termed training equated. The other group of nonretarded Ss were trained
to the same criterion of differentiation as were the retardates. These
Ss were thus termed performance equated. Only one nonretarded S failed

to reach criterion but one other was lost to the experiment through

lThis criterion was based jointly on (1) pilot data obtained from
college students with the same conditioning procedure, and (2) differen-
tial GSR magnitude displayed by mental retardates in the report of Grings,
Lockhart, and Dameron (1962).
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equipment breakdown.

Three corresponding control groups (one of retardates and two
of nonretardates) also contained 16 Ss. Each S was individually trial-
yoked to one S from the corresponding conditioning group. The procedure
used with each of these groups was what might be described as a restricted
'‘truly random' CS~ control. This procedure involved the presentation of
a series of CS™ alone trials which overlapped a sequence of paired CS* -
UCS and CS* test trials identical to that used for differential condi-
tioning. Three CS™ presentations occurred per eight trial block, the
same as in the conditioning procedure. In the control procedure, however,
CS™ presentation was programmed so that it could occur randomly at any
point in time during any three of the eight 20 sec. periods of possible
stimulus occurrence per block. A further specification was that the CS-
could occur only once in any such 20 sec. interval. As the CS™ could
occur alone, or just precede, follow, or coincide with either CS* or
paired CS* - UCS presentations, it bore no direct or obvious relationship
with either the CS* or UCS. The actual stimulus sequence used in the
control procedure is presented in Appendix A. Also presented in this
Appendix is a schematic comparison of the conditioning and control
procedures.

Following the completion of the differential conditioning or
control phase of training, inhibition testing was initiated. As outlined
in Table 1, each S received one of two randomly assigned treatments. One
treatment (summation) consisted of the presentation of 15 trials: five
CS* alone trials (+), five paired CS* - UCS trials (P), and five trials

on which the €S- and CS* were presented with simultaneous onset and
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offset (+). The sequence of trials was random (+, +, P, +, P, +, +, 4,
P, P, +, +, P, +, +). The other treatment (reacquisition) consisted of
20 presentations of the former CS™, a random 50 per cent of which were
paired with the UCS. The sequence of paired (P) and unpaired (-)
trials was as folilows: P, -, P, P, -, -, P, -, Py, ~, P, -, P, -, =, P,
P, -, P, -. In both inhibition tests, the stimulus parameters remained

identical to those of the second phase of training.



RESULTS

The GSR was defined by the amount, measured in mm., by which the
maximum positive deflection of the recording pen during the five sec.
period, immediately following stimulus onset, exceeded the maximum posi-
tive deflection occurring in the five sec. period immediately preceding
stimulus onset. This is a conventional scoring interval, necessitated
by the considerable amount of variability in GSR latencies (see Gormezano,
1966). On the basis of calibration/conversion charts, each scored lineal
difference (mm.) was converted to a value of resistance Toss (aR) in
ohms. At the single sensitivity setting of the Dermohmmeter used through-
out the experiment, the minimum measureable AR was estimated to be 200
ohms. To reduce the effect of any extreme scores and possible nonnorma-
1ity of the distribution of response magnitude, AR values were transformed
to common logarithims. In order to avoid negative characteristics, any
AR of zero or negative magnitude was assigned an initial value of 1.0 ohm.

Prior to performing any statistical analyses (detailed procedures
for each analysis performed can be found in Winer, 1971) of performance
differences Letween treatment groups, a preliminary analysis evaluated
the so-called 'law of initial values'. According to this law, a positive
relationship should exist between a subject's skin resistance and GSR
magnitude. Pearson product-moment correlation coefficients (N = 96)

were computed between initial resistance Tevel (log R) and GSR (log aR)

40
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on each of five trials selected from the habituation sequence, namely,
trials one, three, four, seven, and nine. None of the coefficients
attained statistical significance at the .05 level, a finding which
replicates previous findings with the same and different equipment
(e.g., Lobb, 1968; Carruthers, 1969; Lobb & Kaplun, 1970). Moreover,

a one-way analysis of variance across the major subject groupings:
performance equated nonretardates (PN), mental retardates (MR), and
training equated nonretardates (TN), failed to reveal any significant
differences in mean skin resistance taken over the same five habituation
trials. In view of this evidence for the general independence of
resistance level and GSR magnitude, the resistance measure (log AR) was
retained. The correlation coefficients, mean GSR magnitudes, and re-

sistance levels are presented in Appendix BZ2.

Habituation

An overall 3 x'5 x 2°x 4 analysis of variance with Groups (PN,

MR or TN), Trials, Stimulus Type (tone or light diminution), and Treat-
ment (conditioning/reacquisition, control/reacquisition, conditioning/
summation, control/summation) as factors, was computed on GSR magnitude
over the ten habituation trials. This analysis showed that there were
no significant differences between any of the Groups or Treatment condi-

tions, nor were there any significant interactions involving either of

2Appendix B also contains complete summaries of each major analy-
sis performed, in order of mention, along with accompanying tables of
cell means (unless otherwise presented).

3The superscribed symbol,’ , denctes within-subject variables.
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these factors. There was, however, a significant Trials effect (F =
46.64, df = 4/336, p ¢ .001) resulting from the general decrease in re-
sponse magnitude across trials for all Groups. This effect is clearly
seen in Figure 1 which presents mean habituation responses on each trial
for each of the three major Groups (PN, MR, & TN). The analysis also
yielded a significant main effect of Stimulus Type (F=6.99, dr = 1/84,
p < .025), which indicated a slight superiority of the visual stimulus
for GSR elicitation.

Both significant main effects of Trials and Stimulus Type were
further qualified by a significant Trials x Stimulus Type interaction
(F=2.45, df = 4/336, p < .05). This two-way interaction is diagrammed
in Figure 2. Additional analyses (t tests) indicated that the only
points during the habituation phase of training at which the two types
of stimuli resulted in a significant difference in response magnitude
were the second and final presentations of each, the visual stimulus
producing the larger responses (p < .05).

To determine if etiological category (and its possible inter-
action with sex) was a significant variable which resulted in initial
systematic differences, a subsequent analysis was performed on the habit-
vation data of the retardate sample (N = 32). A2 x5 x 2 x 2 analysis
of variance having Sex, Trials, Stimulus Type, and Etiological Class
(structural or functional) as factors failed to show, however, any signi-

ficant effect or interaction involving etiology.

Differential Conditioning

In order to compare the rate at which the criterion of differ-

entiation (three consecutive GSRs elicited by the CS™ which had a



MEAN LOG AR in OHMS

3,0

20

10

O PN
O vn
A TN

ﬁ%E--J---4---4---4.....4.....;.____‘_____‘_____J_m___l

Figure 1.

q 5 6 7 8 S 10

TRIALS

Habituation: Mean GSR magnitude as a function
of Groups (PN, MR, & TN) and Trials.

43



MEAN LOG AR in OHMS

44

agog
O LIGHT DIMINUTION
o
O TONE
=] o
20}
10¢

1ST 2D 3RD aTH 5TH

ORDINAL PRESENTATION

Figure 2. Habituation: Mean GSR magnitude as g function of

Stimulus Type (tone or light diminution) and Tria]
sequence.



45

magnitude of not more than 50 per cent of those elicited on the two CS*
test trials in any eight trial block) was reached by the PN and MR sub-
jects, a one-way analysis of variance was performed on the number of
trials to criterion. This analysis showed there was a significant
difference (F = 53.28, df = 1/30, p < .001) between the PN subjects who
required a mean of 27 trials (3.4 blocks) and the retarded subjects who
required a mean of 46 trials (5.7 blocks). This difference clearly
indicates the nonretardates’ superiority on this particular task.

The major analysis of the differential conditioning phase of
training compared the degree of response differentiation attained by the
TN subjects (who were not trained to criterion but were trial-yoked to
the retardates) with that of the PN and MR subjects, as well as group
performance during the control sequence of trials. A3 x% x 2 x 2
analysis of variance with Groups (PN, MR, or TN), Blocks of Trials, Trial
Type (CS- or CS*), and Treatment (conditioning or control) as factors,
was computed on the mean GSR magnitudes on the final two blocks of
training. This analysis revealed two significant main effects, that of
Treatment (F = 4.77, df = 1/90, p <.05) and of Trial Type (F = 48.06,
df = 1/90, p<.001). Respectively, these main effects reflected the
fact that the average level of responding was greater in those subjects
who had received the conditioning sequence than it was in those who had
received the control procedure, and that the average level of responding
was greater to the CS* than to the CS- when all groups were combined.

Both main effects of Treatment and Trial Type were qualified by
a significant two-way interaction (F = 9.26, df = 1/90, p<.01) involving

these same two factors. Figure 3, which graphically displays the
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Treatment x Trial Type interaction, illustrates the fact that while
there was a substantial difference in the magnitude of GSRs elicited

by the CS* between conditioning and control groups, there was no
difference in CS™ responding between the two groups. Subsequent analyses
(¢ tests) confirmed that both the conditioning and control procedures
resulted in a significant degree of response differentiation (p < .05),
and hence, conditioning. Finally, a significant Blocks x Trial Type
interaction (F = 8.65, df = 1/90, p «.01) simply reflected the fact

that response differentiation increased over the last two blocks of
training, and is not shown graphically. A similar analysis, with
Stimulus Type (tone or light diminution) as an additional factor, failed
to reveal any significant main effect or interactions involving this
factor.

As the analyses of the differential conditioning phase of train-
ing yielded neither a significant Group difference, nor any significant
interaction involving this factor, it may be concluded that in terms of
the degree of response differentiation attained, the retarded subjects
who received conditioning training did not differ from the nonretardates
trained to the same criterion (PN), or from nonretardates who received
an identical number of trials. Similarly, there was no significant
difference between any of the three subject groups which received the
control sequence of trials, in responses to CS* or CS-. Although the
mean number of trial blocks differed greatly between the two nonretarded
groups (PN = 3.4 and TN = 5.7), the two groups did not differ signifi-
cantly in the amount of response differentiation at the completion of

the differential conditioning phase of training. Furthermore, the
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additional training received by the TN subjects did not apparently

affect absolute GSR levels.

Conditioned Inhibition Tests

Summation. GSR magnitude on each of the five cS' alone trials
was directly compared with that elicited on each of the five cs-/cst
compound trials for subjects who received summation testing. A
3 x5 x 2 x 2 analysis of variance with Groups (PN, MR, or TN), Trials,
Trial Type (CS* or CS-/CS*), and Treatment (conditioning or control) as
factors, showed a significant main effect of Groups (F = 3.02, df = 2/42,
p < .05) as well as three significant interactions.

Figure 4 illustrates the significant triple interaction of
Groups x Trial Type x Treatment (7 = 4.98, df = 2/42, p<.05) and also
shows the average magnitude of group responding during summation testing
combined across trials. It can be seen in Figure 4 that while all of
the major subject groups (PN, MR, & TN) which had previously received
the control sequence of trials exhibited GSRs of greater magnitude on
summation trials than on Cs* alone trials, this situation was reversed
in every group which had received conditioning training, except the
retardates. This interpretation was confirmed by ¢ tests. The cs-,
when presented in combination with the CS*, resulted in significantly
smaller responses than did the CS* alone in both the PN and TN condi-
tioning groups, but produced significantly larger responses than did
the CS* in the retardate conditioning group. Whereas the former CS-
suppressed the responding of nonretarded subjects, it tended to augment

the responding of mental defectives as it did in all control groups.
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Of the two remaining significant interactions of the summation
analysis, the Group x Trial Type (F = 4.60, df = 2/42, p < .05) inter-
action was closely related to the triple interaction just discussed.
Although confounded with Treatment, this interaction indicated that
while both groups of nonretarded subjects yielded GSRs of only a slightly
greater magnitude than did the retardates on the summation trials, their
GSRs were much greater than retardates' on CS* trials. Responses of the
retardates to the CS* were greatly reduced in comparison to their sum-
mation responding. Finally, the significant Trial Type x Treatment
interaction (F = 26.85, df = 1/42, p «.001) indicated that in terms of
CS* responding the control and conditioning treatments resulted in a
divergence in opposite directions, but in terms of responses to the
compound stimulus there was no significant difference between condi-

tioning and control treatments for combined PN, MR, and TN groups.

Reacquisition. The ten CS- trials of the reacquisition sequence
were divided into five two-trial blocks for the purpose of analysis. A
3 x5 x 2 analysis of variance with Groups (PN, MR, or TN), Blocks, and
Treatment (conditioning or control) as factors, was computed on mean
magnitude GSRs per block. This analysis yielded a significant effect
only for Treatment (F = 4.95, df = 1/42, p <.05). This effect indicates
that reacquisition of CRs to the former CS™ was retarded in all groups of
subjects which had been differentially conditioned in comparison to the
performance of those subjects who had previously received the control
procedure. Figure 5 illustrates Group responding as a function of
Treatment and Trials on the reacquisition test. It can be seen that

the retardates previously given differential conditioning training
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attained roughly the same level of CS™ responding, at about the same
rate, as did either group of corresponding nonretardates.

Additional analyses were performed on the inhibition test data
of the retarded subjects in order to determine if etiological category
was a significant variable affecting the measured strength of'conditioned
inhibition. Two one-way analyses of variance with Etiological Class as
the only factor were comnuted on both the summation data (mean GSR
magnitude over the five summation trials) and the reacquisition data
(mean GSR magnitude over the ten CS- alone trials). These analyses

failed to show any significant effects.



DISCUSSION

The summation data clearly conformed to theoretical expectation.
The finding that the ¢S-/cS* combination elicited responses which were
significantly smaller than those elicited by the CS* alone in both
groups of nonretarded subjects which had previously received differen-
tial conditioning training, but not in the retardates who had also
received such training, is consistent with the inhibition deficit
hypothesis. The summation data of corresponding nonretardate controls
further indicate that this suppressive effect was not merely due to a
stimulus generalization decrement, since in these subjects, CS-/CS*
presentations produced responses of a significantly greater magnitude
that did CST presentations.

In terms of the summation data, it thus appears that while the
former CS~ did become an effective conditioned inhibitor of the respond-
ing of nonretardates, it acquired no such inhibitory control over the
responding of the mentally retarded subjects. As pointed out previously,
however, the summation test alone cannot completely confirm a condi-
tioned inhibition effect, especially "in situations where attentional
processes may be assumed to operate. A stimulus which does in fact lead
to the selective attention of a subject, however, should not produce

conditioned inhibitory effects in both the summation and reacquisition

tests.
53
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As there was no significant difference between retarded and
nonretarded subjects, in terms of the rate of acquisition of CRs to the
former CS™, the reacquisition data do not directly support the inhibi-
tion deficit hypothesis. The data, however, are consistent with the
hypothesis that in both retarded and nonretarded subjects the former CS-
gained some degree of inhibitory control. This is indicated by the fact
that reacquisition responses of those subjects who had previously been
differentially conditioned were of a significantly lesser magnitude than
those of corresponding controls. If, as the summation data suggest is
the case, retarded individuals suffer from a conditioned inhibition
deficit, the finding that the rate of reacquisition of CRs was retarded
to roughly the same extent in both retardates and nonretardates would
not be predicted. One possible explanation of this discrepancy is that
while both the reacquisition and summation tests are capable of detecting
conditioned inhibitory effects, the reacquisition test may not be as
sensitive to differences in the strength of conditioned inhibitors. The
most direct method of empirically evaluating this suggestion would be to
compare summation and reacquisition responding following different
amounts of differential conditioning training and/or varying degrees of
response differentiation in samples of nonretarded subjects. Such com-
parisons would provide a measure of the sensitivity of both the summation
and reacquisition techniques, in terms of their measurement of suppres-
sive effects of conditioned inhibitors of varying strength, as well as
indicating the degree of correspondence between such measures based on

the two techniques.

It may be suggested that the discrepancy between the summation
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and reacquisition data could be accounted for in terms of hypothesized
'attentional' differences between retardates and nonretardates (see
Zeaman & House, 1963). Assuming that rather than an inhibition deficit,
retardates suffer some type of ‘attentional deficit' such that they
would pay less attention to the CS~ than would nonretardates, the CS”
would be expected to have little suppressive effect on the ¢St responses
of retardates in the summation test as compared to nonretardates.
Furthermore, such inattention on the part of retardates would be expected
to result in greater retardation of the development of CRs to the former
CS- in the reacquisition test as compared to nonretardates. Although the
findings of the present experiment are somewhat consistent with the
former prediction, the fact that the performance of retardates and non-
retardates did not differ significantly during reacquisition testing
does not support the latter. Moreover, the performance of both the
retarded and nonretarded control subjects does not reflect any such
attentional differences since their patterns of responding did not quali-
tatively differ in either the summation or reacquisition test. It thus
appears that presumed attentional differences between retarded and non-
retarded individuals cannot adequately account for the observed results.
Although there was no significant difference between retardate
and nonretardate conditioning groups in terms of reacquisition responding
as had been predicted, there is some evidence to suggest that this non-
retardate-retardate equality in itself may indicate that the reacquisition
responding of the nonretarded subjects was in fact retarded as compared
to the performance of the mental defectives. The evidence which supports

this contention is the frequent observation that retardates exhibit
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weaker or slower acquisition of CRs than do nonretardates in single-
cue conditioning (e.g., Lobb, 1968; Lobb & Nugent, 1966; Ross, Koski,
& Yaeger, 1964). Thus, if the former CS~ had acquired no conditioned
inhibitory properties whatsoever in either the retarded or nonretarded
subjects, the retardates would be expected to be inferior to the non-
retardates in terms of the rate of reacquisition. On the other hand,
if the CS~ became a much stronger conditioned inhibitor in the non-
retarded subjects than in the retardates, the nonretardates reacquisi-
tion responding would be expected to be suppressed to a much greater
extent, possibly to the extent that the two intelligence groups would
exhibit approximately equivalent patterns of reacquisition. Although
the latter in fact occurred, this interpretation receives 1little support
from the corresponding control group data, since there was Tittle, if
any, difference in the reacquisition performance of retarded and non-
retarded subjects. Furthermore, in order to accurately evaluate such
an interpretation, further comparative investigation of the effects of
appropriate independent variables such as UCS duration and intensity,
ISI and ITI, on single-cue conditioning in both mental defectives and
nonretardates is necessary. If, for example, values of such condition-
ing parameters are found at which retardates and nonretardates con-
sistently exhibited comparable rates of acquisition of CRs to a single
CS, then such parameters could be used in reacquisition procedures

designed to measure the strength of a suspected conditioned inhibitor

in both types of subjects.
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The control procedure employed in the present experiment
appears to have provided an appropriate means of control to evaluate
the accumulation of conditioned inhibitory strength by the CS-.
Examination of both the summation and reacquisition data indicates
that for all subject groups which had previously received the control
procedure, the pattern of results is what would be expected if the CS-
was not a conditioned inhibitor. These data indicate that rather than
having a suppressive effect, the former CS™ of the control sequence
elicited responding similar to that which would occur with a neutral
stimulus. In the case of the reacquisition test, for example, the
development of CRs to the control CS™ was more rapid and at higher
level than it was to the former CS- of the differential conditioning
sequence for all groups. Similarly, the summation data of the control
.groups indicate that responses of a greater magnitude were elicited on
CS-/CS* trials than on CST alone trials. Thus, rather than having an
inhibitory effect, the former CS- of the control sequence resulted in
a slight increment in CS* responding. This increment may have partly
been the result of a weak novelty effect, but more likely was due to
the sTlight excitatory property of the CS~ resulting from generalized
excitation from the positive to negative cue during the control phase
of training. It is also conceivable that the CS~ of the control sequence
may have developed slight excitatory properties due to random contiguous
pairings with the UCS. That such contiguity, even in the absence of
any CS-UCS contingency, can lead to the development of excitation has

recently been documented by Kremer and Kamin (1971).
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An additional finding of this experiment which is of interest,
is that neither in the differential conditioning phase of training, nor
in either of the two tests of conditioned inhibition were there any
significant differences between the two major groups of nonretarded
subjects. Thus, the additional differential conditioning training which
the TN group received in comparison to the PN subjects failed to signifi-
cantly alter the degree of response differentiation attained. Moreover,
extended differential conditioning training failed to increase the condi-
tioned inhibitory strength of the former CS-, at least as measured by
both the summation and reacquisition techniques in nonretarded subjects.
This finding suggests that there is an upper limit to the strength which
a conditioned inhibitor may attain under specific parameters, and once
this limit is reached, further training will not increase its strength.

As there were no etiological class differences displayed, it
may be that both structural and functional retardates perform equally
well (or poorly, as the case may be) in the types of tasks used in the
present experiment. The fact that diagnosed organicity did not differ-
entially affect autonomic nervous system responsiveness and was not found
to be a significant variable in this experiment indicates that perhaps
a gross type of CNS damage is not a relevant dimension along which to
classify mentally defective persons in regard to inhibitory functions.
This conclusion, however, relies heavily upon both the validity and
reliability of medical diagnoses; neither of which are impressively high
(e.g., Chambers, 1971), especially with reference to the functional

category.
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APPENDIX A

Sequences of stimuli and schematic of procedures used

in the differential conditioning phase of training



TABLE 1 65

Sequence of CS*, €S-, and paired CS*-UCS (P) trials used in
the differential conditioning phase of training for both the
conditioning and control procedures.

Conditioning ~ Control**

Trial*# Stimulus Trial # Stimulus Trial # Stimulus Trial # Stimulus

11 P 43 cs- 11 p 43 cS-
12 CS- 44 S~ 12 44 cS™
13 cst 45 P 13 cst 45 P
14 p 46 cst 14 p 46 cst
15 cs- 47 p 15 47 P
16 cst 48 cst 16 cs- 48

17 P 49 p 17 p 49 P
18 cS- 50 cS- 18 50

19 cS- 51 P 19 cst 51 P
20 p 52 cs- 20 p 52 cS-
21 cst 53 P 21 cs- 53 p
22 cS™ 54 cst 22 54 cst
23 p 55 cS™ 23 p 55

24 p 56 cst 24 p 56

25 cs+ 57 p 25 57 2
26 (S 58 S~ 26 cS- 58

27 - cst 59 cst 27 59 cst
28 P 60 p 28 p 60 P
29 (A 61 cs- 29 61

30 cS- 62 (o 30 cs- 62 cs-
31 p 63 p 31 P 63 p
32 cst 64 P 32 cs- 64 2
33 (5 65 cst 33 cst 65

34 P 66 cs- 34 P 66 cst
35 p 67 cs- 35 P 67

36 P 68 cs- 36 P 68 cs*
37 cS- 69 p 37 cs- 69 p
38 cst 70 cst 38 cst 70 csS-
39 cS™ 71 cs- 39 cs- 71

40 cS™ 72 p 40 CcS- 72 p
41 p 73 p 41 p 73 p
42 cst 74 cst 42 cst 74 cs”

*Consecutive 20 sec. periods of possible stimulus occurrence (see
following schematic - Figure 1).

**On]y those CSt and CS- presentations on which it was possible to measure
the GSR (i.e., more than 3 sec. removed from any adjacent stimulus) are

presented.
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.+ 3 +: t u+
cs*- - +]  Jest- _ st + _
(s cs cS Ues cS ios cs cs
. 1 ‘ : : * 1 :
cst- st cst- cst- cst
ucs ucs ucs |-
20,
sec.

Figure 1. Schematic comparison of conditioning and control
procedures used in the differential conditioning phase of
training. (A. A typical eight-trial block of conditioning
trials consisting of 3 CS+-UCS, 3057, and 2 ¢St alone pre-
sentations whose onsets are indicated by the vertical dash
in each 20 sec. period of possible stimulus occurrence. B.
A corresponding block of control trials in which the dis-
tribution and onsets of CS*-UCS and cs* presentations
remain the same, but CS™ presentations (4) occur randomly.
CS™ trials occur randomly at any point during any 3 of the
8 periods of possible stimulus occurrence, with only one (S
occurring once in any such interval.)
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TABLE 1

68

Summary of the correlation analysis performed on five habituation

trials, including mean GSR magnitudes and resistance levels.

Trial X log AR (@) X log R (2) r

Ist Habituation 2.857 5.032 -0.13
3rd ' 2.252 5.019 0.07
4th . 2.047 4.767 0.19
7th ' 1.928 4.830 -0.21
9th . 1.827 4,621 0.1
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TABLE 2

© Summary of analysis of variance of GSR magnitude during the habituation
phase of training as a function of Groups (PN, MR, or TN), Treatment,
(con'd/sum. , con'd/reacq., control/sum., control/reacq.), Stimulus Type
(tone or light diminution), and Trials.

Source df MS F

Between Ss

A (Groups) 2 5.736 0.84
D .(Treatment) 3 1.119 0.17
AD 6 8.115 1.19
Ss w. groups 84 6.796
Within Ss

B (Trials) 4 64.877 46,64%%*
AB 8 2.050 1.47
BD 12 0.859 0.62
ABD 24 1.074 0.77
BxSs w. groups 336 1.391
C (Stimulus Type) 1 9.205 6.99**
AC 2 0.967 0.73
CD 3 0.380 0.29
ACD 6 1.447 1.10
CxSs w. groups 84 1.317
BC 4 2.885 2.45*
ABC 8 0.354 0.30
BCD 12 1.735 1.47
ABCD 24 1.247 1.06
BCxSs w. groups 336 1.179

* p<.05

** p<.025

**% p<.001
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TABLE 3
Mean GSR magnitude during habituation as a function of Groups, Treatment,
Stimulus Type, and Trials.

TRIALS (ORDINAL PRESENTATIONS)

PN 2.91 2.91[1.70 1.12{0.75 1.15/1.91 0.98|1.35 1.07
con'D/
REACQ. MR 2.73 3.35[2.96 2.00|2.09 1.80}2.96 2.17 {2.13 1.82
TN 3.00 3.48|2.78 2.2011.85 1.55}2.23 1.88(1.29 0.96
rPN 3.37 3.3112.75 1.70|2.35 1.86|1.56 2.09}2.34 0.86
CON'D/ '
SUM MR 2.56 3.4511.92 1.96|0.81 1.7211.95 1.71;1.56 1.74
TN 3.50 3.3212.15 2.31[2.68 1.94|2.26 2.37|2.52 1.38
[ PN 3.35 3.2911.66 1.72{1.26 1.69}12.25 1.34(0.98 0.38
CONTROL/
REACQ. MR 3.26 3.35|2.67 2.35|2.27 1.79}|1.87 2.38(2.87 1.81
TN 2.81 2.7912.49 2.,15(2.31 2.,17)2.07 2.29(1.91 1.01
i PN 3.28 3.262.69 2.35{2.87 1.36|1.63 2.31[1.73 1.62
CONTROL/
SUl MR 2.93 2.92|1.65 2.02(2.28 1.69|2.04 2.20{1.88 1.09
N 2.58 2.53 '].64 2.6912.24 2.09)1.87 1.4211.38 1.70
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TABLE 4
Summary of analysis of variance of the magnitude of the habituation
responses of retarded subjects as a function of Sex, Trials, Stimulus
Type (tone or 1ight diminution), and Etiological Class (structural or

functional).

Source daf MS F

Between Ss
A (Sex i 9.672 1.38
D iEtio]ogica] Class) 1 1.659 0.24
AD 1 9.884 T.41
Ss W. groups 28 7.029

Within Ss
B (Trials) 4 16.429 13.10%*
AB 4 4.373 3.49*
BD 4 1.825 1.46
ABD 4 0.572 0.46
BxSs w. groups 112 1.254
C (Stimulus Type) 1 0.844 0.39
AC ] 0.720 0.34
cD 1 0.012 0.01
ACD 1 0.975 0.46
CxSs w. groups 28 2.141
BC 4 1.671 1.45
ABC 4 1.563 1.35
BCD 4 1.630 1.41
ABCD 4 1.580 1.37
BCxSs w. groups 112 1.154

* p<.01
** p<.001



function of Sex, Trials, Stimulus Type, and Etiological Class.
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TABLE 5
Mean GSR magnitude of the habituation responses of retardates as a

TRIALS (ORDINAL PRESENTATIONS)

72

L T L T L T L T L T
FEMALE 3.24 3.0912.37 2.81{1.97 2.312.31 2.03|1.36 1.46
STRUCTURAL
| MALE 2.38 3.1512.59 2.30{1.75 1.80(2.57 1.75]2.95 1.64
FEMALE 2.98 3.49(1.90 0.79(1.84 1.19(1.15 2.18|1.38 1.07
FUNCTIONAL ’
2.89 3.36|2.34 2.43}11.89 1.71|2.79 2.51|2.76 2.29

MALE
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TABLE 6
Summary of analysis of variance of GSR magnitude on the Tast two eight-
trial blocks of the diffe ential conditioning phase of training, as a
function of Groups (PN, MR or TN), Treatment (conditioning or control),
Trial Type (CS™ or CS+), and Blocks of trials.

Source df MS F

Between Ss
A (Groups) 2 1.618 0.88
D (Treatment) 1 8.803 4,78*
AD 2 0.994 - 0.54
Ss w. groups 90 1.843

Within Ss
B {BTocks) 1 0.012 0.01
AB 2 1.705 1.86
BD 1 2.408 2.63
ABD 2 0.891 0.97
BxSs w. groups 90 0.917
C (Trial Type) 1 34.453 48.06***
AC 2 0.747 1.04
ch 1 6.642 9.26%*
ACD 2 1.602 2.24
CxSs w. groups 90 0.717
BC 1 4.067 8.65%*
ABC 2 0.604 1.28
BCD 1 0.791 1.68
ABCD 2 1.122 2.39
BCxSs w. groups 90 0.470

* p<.05
** p<.0]

*xx e 001
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TABLE 7

Mean GSR magnitudes on the last two eight-trial blocks
of the differential conditioning phase of training as a
function of Groups, Treatment, and Trial Type.

BLOCKS OF EIGHT TRIALS

1 2
cst rs- cst cS-
-
PN PN 3.25 2.47 3.31 2.16
CONDITIONING MR MR 2.97 2.68 3.12 1.84
TN | N  2.87 2.24 3.10 2.06
r
PN PN 2.02 2.38 3.01 2.52
CONTROL MR MR 2.61 1.88 2.51 1.72
N TN  2.56 2.27 2.52 2.45
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TABLE 8
Summary of analysis of variance of GSR magnitude on the summation
test as a function of Groups (PN, MR or TN), Trial Type (CS—'/CS+
or CS+), Treatment (conditioning or control), and Trials.

Source dar MS F

Between Ss

A (Groups) 2 24.910 3.02*
D (Treatment) 1 13.995 1.70
AD 2 0.022 0.01
Ss W. groups 42 8.252

Within Ss
B (Trials) 4 1.443 0.99
AB 8 0.617 0.42
BD 4 2.370 1.62
ABD 8 1.795 1.23
BxSs w. groups 168 1.461
C (Trial Type) 1 1.858 1.49
AC 2 5.723 4.60*
CD 1 33.412 26.85%*
ACD 2 6.197 4.98*
CxSs w. groups 42 1.245
BC 4 1.080 0.75
ABC 8 1.551 1.08
BCD 4 2.654 1.85
ABCD 8 1.129 0.79
BCXSs w. groups 168 1.432

* p<.05
** p<,001
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TABLE 9
Mean GSR magnitude during summation testing as a function of Groups,
Trial Type, Treatment, and Trials.

BLOCKS OF TWO TRIALS

76

suM csT osum cst o sum 3cs+ sum cst sum cst

PN 2.48 2.14[1.86 2.31 |1.64 2.96 [2.75 3.20 {1.86 2.69

CoN'D | MR 2.41 1.84|1.83 0.72 [1.28 1.83 [1.87 1.00 [1.55 1.48
™ 1.55 2.29(2.15 2.68 [1.17 2.23 |1.22 2.66 [0.79 2.47

[ PN 2.29 1.82]2.68 1.96 |2.56 2.00 [2.36 1.21]2.23 1.17
controL | MR 1.34 1.00|2.37 0.96 |1.87 1.30 |1.20 0.92|1.02 0.69
™ 1.89 1.05|1.46 1.652.28 1.41{1.19 1.7012.51 0.61
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TABLE 10
Summary of analysis of variance of GSR magnitude on the reacquisition
test as a function of Groups (PN, MR, or TN), Blocks of trials, and
Treatment (conditioning or control).

Source daf MS F

Between Ss
A (Groups) 2 1.009 0.34
C (Treatment) 1 14,547 4,95%
AC 2 0.198 0.07
Ss w. groups 42 2.940

Within Ss
B (BTocks) 4 0.554 0.69
AB 8 0.861 1.06
BC 4 1.000 1.24
ABC 8 0.259 0.32
BxSs w. groups 168 0.809

* p<.05
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TABLE 1
GSRs (AR in mm.) elicited by both the visual (1ight diminution) and

auditory stimulus (tone) during habituation for the PN subjects.
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TABLE 2
GSRs (4R in mm.) elicited by both the visual (Tight diminution) and
auditory stimulus (tone) during habituation for the MR subjects.
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APPENDIX C (Con't)
TABLE 3
GSRs (AR in mm.) elicited by both the visual (1ight diminution) and
auditory stimulus (tone) during habituation for the TN subjects.
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TABLE g
Mean GSRs (AR in mm.) elicited by the ¢s* and CS” on each of the last
two eight-trial blocks of the differential conditioning phase of

training for the PN subjects.

Treatment .S cst s # of blocks
#1 #2 #1 #2 to criterion
1 7.0 11.0 1.5 0.0 3
2 8.5 7.8 5.7 2.7 3
3 1.3 2.0 0.8 0.3 4
el 4 . . 0.0 . 2
Conditioning/ g 12 ; 1 ; 12.0 s 4
Reacquisition 6 2‘0 ]‘5 0.0 0'0 4
7 2.8 4.3 1.0 1.5 3
8 3.0 6.5 3.5 0.3 3
21 7.3 16.5 3.3 6.8 4
22 7.3 6.5 3.5 1.2 3
23 1.5 1.0 (]).8 0.2 4
L 21 . . 5 . 3
Conditioning/ ¢ }s]ag 1(252 8.0 ‘123 3
Summation 26 0.3 0.8 0.0 0.0 3
27 2.8 3.5 2.2 1.0 4
28 12.3 16.5 7.8 2.8 4
1M 1.0 3.0 0.8 1.8
12 3.0 1.5 2.0 1.0
13 0.0 5.5 1.0 3.7
14 8.0 13.0 1.5 9.3
gggggg}émon 15 1.0 1.0 0.5 0.7
6 1.0 18.5 5.0 8.7
17 14.0 3.0 5.0 10.0
18 0.0 8.0 0.0 0.3
31 0.0 3.5 1.0 4.2
32 1.0 1.0 0.8 0.5
33 1.5 5.3 2.0 6.8
3 5.0 4.0 2.0 3.0
58.?].2223& 35 4.0 4.5 2.8 0.0
36 0.0 0.0 0.0 0.3
37 0.0 4.5 0.0 0.5
38 0.5 7.5 8.5 0.0
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TABLE

5

83

Mean GSRs (R in mm.) elicited by the cst and ¢S” on each of the last
two eight-trial blocks of the differential conditioning phase of

training for the MR subjects.
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TABLE 6

84

Mean GSRs (AR in mm.) elicited by the st and €S” on each of the last
two eight-trial blocks of the differential conditioning phase of

training for the TN subjects.

# of blocks

Treatment S cs* cs
#1 #2 #1 #2
1 11.5 13.0 4,2 4.0 7
2 0.5 1.3 0.0 0.0 6
3 5.3 4.0 1.3 1.0 7
C e . 4 . . . .
Cond1t1on1ng/ 5 % 8 % g 8 g 8 g g
Reacquisition 6 3'3 ]‘3 ]'0 0’2 6
7 4.5 6.8 1.8 1.3 6
8 5.0 2.3 2.5 2.3 6
21 0.0 2.0 0.8 0.3 4
22 1.5 1.8 0.5 0.2 5
23 13.0 7.5 6.2 2.2 6
Conditioning/ 35 5 S5 0% 7 4
Summation 26 0.3 3.5 0.5 1.7 4
27 3.5 4.5 3.3 0.0 7
28 5.5 6.8 1.7 2.2 5
11 2.0 1.0 2.0 0.7
12 0.0 0.0 0.0 6.0
13 3.5 4.0 2.0 4.0
14 6.5 7.8 5.8 5.8
g°"t”°!/. . 15 1.3 0.8 1.5 0.8
eacquisition 16 1.8 2.5 1.8 2.0
17 1.5 2.5 0.8 1.0
18 1.0 1.5 1.3 0.0
31 1.5 0.5 0.0 0.0
32 2.3 1.5 1.7 2.0
33 1.5 0.0 0.8 1.0
34 0.0 1.3 0.0 0.5
gg;}ﬁg‘t’}én 35 3.8 3.0 3.5 1.0
36 2.0 3.5 0.8 3.7
37 2.0 1.0 1.0 0.5
38 2.3 2.8 1.3 1.8
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TABLE 7
GSRs (AR in mm.) elicited by the compound CS+/CS_'st1mu1us and ¢s*

during the summation test for the PN, MR, and TN subjects who had

previously received conditioning training.
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APPENDIX C (Con't)

TABLE 8
- .. +
GSRs (AR in mm.) elicited by the compound CS+/CS stimulus and CS

during the summation test for the PN, MR, and TN subjects who had

previously received the control procedure.
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APPENDIX C (Con't)

TABLE 9
Mean GSRs (aR in mm.) elicited by the CS™ on each of the five two-trial

blocks of the reacquisition test for the PN, MR, and TN subjects.

Control

Conditioning
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