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Two experiments were conducted that observed the effects
of different 0S5 modalities (light vs. tone) on both
unconditioned and classically conditioned heart rate responses
in an attempt to delineate the relationship between these two
tvpes of responses. In both experiments, heart rate was
monitored in unrestrained rats before, during and after a
classical Favlovian conditioning procedure.

In the first experiment, an attempt was made to mamipulate
the spontaneous response to the light and tone by prementing one
or two gtimulus modalities during stimulus pre—-euposure
sessions. The C8s were then paired or explicitly unpaired with
A shock sequence delivered subcutansously in an attempt to
establish classically conditioned responses. Non-reinforced CSs
were presented after conditioning sessions so as to measure
extinction effects.

Stimulus—specific heart rate responses were observed in
urrestrained rats to the tone and light stimuli that did not
habituate after 100 trials and were not affected by the number

of stimulus modalities per session. Both responses to the light



and the tone began with an initial deceleration which changed to
an acceleration. Responding to the tone returned to baseline
levels before the end of the 28-sec stimulus but responding to
the light remained accelerated throughout the CS. These
responses were not affected by differential reinforcement with
the subcutaneous US, therefore it was concluded that classical
conditioning did not ococur.

The second experiment attempted to isolate the reason for
failure of conditioning in Experiment 1. A different location
(the skin) was designated for the site of US delive;y, known to
contain more pain receptors. This shock was paired and unpaired
with the light and tone CSs of Experiment 1 in a typical
digcrimination paradigm. Discriminative CRe developed within
the first four conditioning trials that were were deceleratory
to C8+ and acceleratory to CH-. These conditioned responses did
not exhibit extinction after 20 non-reinforced trials per
stimulue presented after conditioning.

It is of further interest to determine the proportion of
response components determined by the US and what portion (if
any) by the C8 in future experimentation. It is proposed that
by manipulating both the spontanecus response and the

unconditioned response such a determination could be made.
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Over the past 50 or so years, there have been many
speculations in the scientific literature about the origin and
development of the classically conditioned response. These
speculations can generally be classified in one of four ways:
(1) The characteristics of the conditioned response (CR)
develop such that they resemble the characteristics of the
unconditioned response (UR); (2) The characteristics of the
CR develop so as to prepare or compensate for the upcoming UR
H (3) The characteristice of the CR develop out of the
original or orienting response (OR) to the signalling stimulus
or conditibned stimulus (CS); and, (4) The characteristics
of the CR are a composite of attributes similar to both the OR
and UR, In offering these suggestions, learning theorists
have often presumed (perhaps incorrectly) that the observed
similarity between CR aﬁd UR or CR and OR ie indicative of an
underlying causal relationship.

This thesis reviews the various methods employed to
determine the relation between the CR and unlearned responses
to the CS and US. In the experiments reported here, changes
in the cardiovascular response system, specifically heart rate
changes were observed. Heart rate ORs, CRs and URs were
examined in a Pavlovian conditioning paradigm. The heart rate

changes to stimuli of different modalities were analyzed for



distinctive characteristics. These stimuli were either paired
or explicitly unpaired with a shock stimulus and the effects
of these pairings on responding were observed. Attempts were
made to manipulate the topographies of the ORs to the
different stimuli and the effects of these manipulations on
the CRs were analyzed.

0f the theories that suggest the characteristics of the
CR ought to resemble those of the UR, Pavliov'e (1927) findings
and the stimulus substitution theory derived from those and
similar data are the standard model (as outlined by
Mackintosh, 1974). Pavlov based his theory of CR development
primarily on his observations in dogs. He found that
classically conditioned salivary responses resembled the
unconditioned salivatory response, i.e., both were increases
in salivation from previously measured baseline levels. He
proposed that the occurrence of a CR resembling the UR was due
to increased association between the two cortical areas
stimulated by the CS and the US such that the CS was now
capable of eliciting a response normally evoked by the US.

Pavlov's results (URs and CRe that resembled each other)
were replicated by Schlosberg (1934) based on foreleg shock in
the rat. However, extension of the classical conditioning
paradigm to other response systems (including the
cardiovascular system) questioned whether an increase in
responding to the US was always accompanied by a similar kind

of increase in responding to the C8. For example, Subkov and



Zilov (1937) found an acceleratory heart rate UR but a
deceleratory CR. Such bidirectional responding was not found
in the above examples of salivary and motor conditioned
responses (e.g., a decrease in salivation or leg flexion below
baseline levels). Closer examination of the response systems
involved suggests a reason for this discrepancy. Levels of
baseline responding for salivation and leg flexion are
characteristically low in untrained subjects. Thus, one might
not easily detect reductions in salivation or leg flexion
aimply by measuring differences from untrained levels of
baseline responding. GBGiven that heart rate and blood pressure
baselines are usually much higher than zero in the normal
animal, it is much easier to detect response changes below
baseline (Subkov & Zilov, 1937). Although conditioned
responses of the cardiovascular system were believed by many
to be artifact (Shearn, 1961), these findings prompted
numerous investigations of heart rate conditioning and led to
other theories of CR development.

Bechneiderman (1974), a proponent of the second position,
viewed the CR as an anticipatory compensatory response to the
UR and supported his theory with many examples of CRs and URs
of opposite direction. He conceptualized the CR as an
adaptive response that prepared the organism to either augment
or compensate for the effects of the US, depending on the
constellation of URs it elicited. Thus if the UR was a large

increase in heart rate, the CR would be a decrease o0 as to



alleviate the consequences of the large acceleration.
However, in the cardiovascular system, the direction of heart
rate CRe is jointly influenced by blood pressure and
somatomotor characteristice of the UR. Heart rate CRs and URs
of similar direction were explained according to Schneiderman
as augmentation of blood pressure or somatomotor movements by
the CR instead of direct compensation for the heart rate UR.
For example, if the US in a particular experimental situation
led to prolonged movement with a concommitant demand for
increased energy expenditures, then the cardiovascular CRs
would augment the cardiovascular URs (e.g., both would be
accelerations) rather than compensate for the acceleratory UR.

The third major viewpoint mentioned at the start of this
paper focuses on the unconditioned response to the novel
stimulus, a response termed the orienting response (OR), as a
determinant of characteristics of the conditioned response. A
detailed consideration of heart rate ORs to various stimuli is
included later in this paper, but the main thrust of this
theoretical position is that the CR is an enhanced OR that
develops through a sensitization process which is activated by
pairings with the US (Dykman, 19673 Hoffman & Fitzgerald,
1978; Sokolov, 1963). Accordingly, the topography of the CR
would be expected to be similar to that of the OR.

The fourth theoretical possibility mentioned above is
that CR development is not influenced by one, and only one

factor of the whole conditioning procedure but rather is



influenced by many components of the experimental procedure.
The foremost of these influences would be the reactions to the
novel stimulus and to the unconditioned stimulus. Two
advocates of a composite CR are Holland (1980) and Wilson
(196%9), although Dykman (1967) also mentions the possibility
of other response components gradually adding to the CR.
These ather components were thought to be determined by
parameters of the conditioning procedure other than the CS but
were not explicitly stated as being due to the US or UR.
Holland (1980) classically conditioned rafs using lights
and tones of various duration as the CSs and delivery of a
food pellet as the appetitive US. He found that responses
resembling parts of the UR (e.g., placing the snout in the
food magazine) occurred toward the end of the interstimulus
interval, while behaviors evoked differentially by auditory
and visual stimuli prior to conditioning (e.qg., startle
behavior to a tone and rearing behavior to a light) occurred
mainly near CS onset during conditioning. He proposed that
the CS~UB contingency results in the acquisition of two
separately elicited classes of behavior, one determined by and
appropriate to the U8, and the other an enhancement of the OR,
with the overall pattern of behavior depending on the
interaction between these two classes of behavior. In other
words, an interaction between C8 and US determined behaviors
may result in a new combination of behaviors to the C8 (e.g.,

a significant amount of head-jerk behavior to the tone in



addition to startle and magazine-oriented behaviors). Holland
did not consider autonomic responses such as heart rate, but
it is of interest whether such responses would follow the same
developmental pattern as do overt responses.

Wilson (196%9) proposed a multi-component theory of CR
development similar to Holland’s in a study which recorded
pulse-rate in man during stimulus pre-exposure and classical
conditioning. He found a distinctive inverted U-shaped
response to a tone C8, and after subsequent tone-shock
pairings, a CR that resembled the original response to the
tone in direction and topography but was significantly
enhanced. Wilson believed the enhancement was due to the
occurrence of the US. This study will be described in more
detail below, but in brief, he stated that the interaction of
the initial "spontaneous response" to the CS and the
unconditioned response to the shock determine the conditioned
heart rate response (with the former being the more
influential)., With training, the composite response curve
resulting from these two inputs has added to it a further
camponent that is specifically linked to the signalling
function acquired by the CS. After repeated pairings, the C8
initiates a preparatory set (an expectancy of the stimulus to
follow) that focuses on the occurrence of the US at a specific
point in time. When administered, the US terminates the trial
exactly as expected, to which Wilson attributes the

enhancement of the spontaneous response.



This is very similar to a cognitive interpretation of
learning (e.g., Grings, 1960) except that Wilson superimposes
the US upon a "spontaneous response" to the CS8 rather than on
baseline responding as is usually implied. It is important to
note that Wilson assumes a causal relationship based on the
correlation between CR and OR topographies. This issue will
be discussed later.

A possibility that Wilson did not mention was that an
explicitly unpaired C8 could also initiate a preparatory set
in the same manner as a C8 consistently paired with the US,
but instead with an expectancy for the US not to follow. In
this case, the nonoccurrence of the US at the end of an
explicitly unpaired stimulus trial (C8-) would also terminate
the trial'exactly as expected, reinforcing the preparatory
set. If as proposed by Rescorla (1969), the CS- response is
opposite to the C8+ response, one might expect an attenuation
of the spontaneocus response to the C8~ and for this
attenuation to incraaserwith increasing numbers of unpaired
€8~ trials.

Sokolov (1963) defined the OR as a reaction that: (a)
is non-specific with regard to the quality of the stimulus,
(b) exhibits adaptation with repeated presentations of the
stimulus, and (c) is non-specific with regard to the intensity
of the stimulus. This implies that the OR to many different

types of stimuli should always be similar in direction and



shape if measured in the same way. Therefore one would expect
all responses to stimulus presentations measured before
conditioning triale to be either heart-rate accelerations or
decelerations independent of experimental design, but numerous
studies have found conflicting results with various stimulus
intensities and modalities.

Heart rate ORs to a tone CS were both accelerations and
decelerations in 24-~wk-old human infants (Lewis, Kagan,
Campbell & Kalafat, 1944), decelerations to both lights and
tones in é-mo-olds (Lewis & Spaulding, 1967), and
accelerations to tones in newborns but decelerations in
é-mo~-olds (Berg, 1972; Clifton & Mevers, 1949),.

Rather than discount Sokolov’s theory, Berg (1972)
hypothesized that all cardiac decelerations were orienting
responses to the novel stimulus and that recorded
accelerations were, in actuality, defense reactions by the
subject. This view was supported by Braham and Clifton (1966&)
and Lacey and Lacey (1958) who suggested that the heart rate
decelerations were associated with stimulus enhancement or
attention and the accelerations with stimulus rejection.

Also, the acceleratory defense reaction was thought to be
non-specific to the quality of the eliciting stimulus but
depended on stimulus intensity. In contrast, the deceleratory
OR was thought to be uninfluenced by either stimulus quality
or intensity. The defense reaction was evoked by "strong

stimuli" and its function was to "limit" stimulus action, thus



defending the organism from excessive stimulation. The
virtually universal finding of heart rate acceleration to
intense electric shock was offered as an example of a
defensive reaction. Following the above line of reasoning,
the function of a shock-induced acceleration is to decrease
the excessive stimulation caused by the shock. However, less
detailed evidence was available on the accelerative response
to other intense stimulation (e.qg., loud socunds) but it was
assumed that the pattern of heart rate changes found with

- shock and noise was representative of a defense reaction
characterized by prolonged acceleration.

Graham and Clifton (1966) therefore concluded that all
studies showing an acceleration as the heart rate response to
a stimulus must have used C8s of relatively high intensity
that were eliciting defensive responses. Studies that
reported biphasic responses (Beer, 1944) were explained in
similar terms, e.g., as a shift from a deceleratory OR to an
acceleratory defensive response due to a high intensity
stimulus or "prepain zone of intensity". This was the
interpretation of a study by Black (1944) who monitored heart
rate in rate during a 40 dB white noise presentation. When
the greatest difference between heart rate in a I mec
pre-atimulus period and in any 3 sec of a 20 sec post-stimulus
period was measured, a deceleration was found in the first few
trials that changed to an acceleration in subsequent trials.

It is unclear according to this interpretation why a stimulus



benign enough (e.g., of 40 dB intensity) to initially elicit a
decelerative response should cause a subsequent acceleratory
defense reaction when no aspect of the stimulus was changed.
Graham and Clifton (1966) explained this as a habituation of
an initial deceleratory OR that then left unobscured an
acceleratory defense reaction. It is of intereat to note that
the method of scoring heart rate changes used by Black could
not detect a biphasic response occurring within a single CS8
presentation but could only indicate which direction of the
response predominated inm a given trial.

Wilson (196%), rather than accept a post-hoc analysis of
orientng responses, sought a different explanation of
bidirectional heart rate responding. He recorded a consistent
inverted U-shaped heart rate acceleration in humans exposed to
a discrete tone stimulus. Because this response did not
@asily habituate, contrary to Sokolov’'s definition of the OR
as mentioned above, Wilson called it the “"spontaneous
response” to the stimulus.

In a large and thorough experimental design, he
described the direction and form of the spontaneous response
to various stimulus modalities and intensities, the rate of
its habituation as compared to more transitory components of
the orienting response repertory, and how it is affected by
other stimulus events (e.g., pairings with an aversive shock
or loud noise).

Wilson described a epontaneous cardiac response whose
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form, magnitude and phasing are affected by the properties of
the stimulus and the structure of the experiment. Initially,
the novelty and uncertainty associated with the beginning of
the experiment produced a change in baseline heart rate
different in form from the subsequently occurring spontaneous
response. This initial change persisted for only a few trials
and rapidly habituated in accordance with definitions of the
OR. As the initial effects of novelty and uncertainty
dissipated, heart rate responding to the discrete stimulus was
gradually converted to the spontaneous response; After a
sufficient number of trials, Wilson reported that the
spontaneous response also "habituated," but retained its
characteristic form throughout habituation, i.e., habituation
wae defined as a decrease in the absolute magnitude of the
response rather than total abolition.

The more transient initial response that Wilson
described as occurring on the first few trials of stimulus
pre-exposure fit Sokolov’s definition of an OR due strictly to
novelty. The habituation of this response may then leave an
initially masked acceleratory spontaneous response with a
slower habituation rate. This is an alternative explanation
to GBraham and Clifton’s (1966) of decelerations that turned
into accelerations with repeated exposure to the CS8. Rather
than a change from an orienting response into a defensive
reaction due to some ill-defined threshold of stimulus

intensity, the transformation of deceleration into
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acceleration could be the habituation of an OR, thereby
unmasking a spontaneous response.

Wilson described the attenuation of the initial OR as a
function of a general decrement in responsiveness to the total
experimental situation plus a more specific habituation to the
stimulus itself. He then went on to emphasize the need for an
extensive study of the longer-lasting spontaneous responses to
unreinforced stimuli and argued that one of the most notable
omissions from previous studies has been a complete analysis
of the response to the C8 alone in stimulus pre-exposure
sessions.

There are only a few studies that have loocked at heart
rate responding to unreinforced auditory stimulation in rats
(Black, 1964) and in humans (Chase & Graham, 1967). Both
studies found an average deceleratory heart rate change in
early trials that changed with stimulus repetition to an
average acceleration. In a study using tones presented to
restrained rats, Fitzgerald and Hoffman (1976) found that
increased repetition led to a greater degree of habituation of
the deceleratory component of the OR. The greater the
habituation of this component, the greater the magnitude of
the conditioned deceleratory response on subsequent reinforced
trials. Thie indicates a possible detrimental effect of the
deceleratory component of the OR on the developing CR despite
the directional similarity of OR and CR in this preparation.

Unlike Chase and Braham (1967) and Black (1944), Fitzgerald
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and Hoffman did not observe a significant acceleration at the
end of habituation or at any other time, although the group
receiving S50 €S alone trials showed slight accelerations by
the start of conditioning trials.

Fitzgerald and Hoffman reported a mean heart rate change
score averaged over the &6 sec ISI. This made it impossible to
detect a biphasic response since an acceleration present
during one part of the ISI would be obscured by a larger
deceleratory component in another part of the IS! when the
average response was calculated. If, as Wilson suggested, a
characteristic response to the tone were present, it would
becbme more obvious with repeated exposures (as the novelty of
the situation habituated). The chances of the acceleration
avarcominé the decelerative component in an averaged response
would be greater with increased number of atimulus exposures.
The respénse when averaged, would then be an acceleration.

The relatively short I8SI in this astudy and the use of an
average change score pufs obvious limitations on the
interpretations of these data.

It is also important to note that the restraint used by
Fitzgerald and Hoffman may have had an enhancing effect on
decelerative components of heart rate responses. This issue
will be dealt with below in the digcussions of heart rate
responses to specific types of stimulation.

It appears from the literature review that a more

thorough experimental evaluation of the characteristics of
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cardiac responses to novel stimuli is in order. In pilot
work, the heart rate response to a 28-sec continuous tone S
was found to be of a different pattern than that to a 28-sec
light C8 which was presented intermittently (i.e., 2 flashes
per sec). These responses were present both before and after
classical conditioning with an electric shock US. Although
our observations of heart rate responding to a continuous
light and an intermittent tone were not extensive, it appeared
that the response topographies were not changed by the
manipulation of onset—offset pattern. Therefore, it seems as
if the difference in responding to the light and tone is
mostly attributable to modality rather than onset-offset
pattern differences.

A review of the literature supported the notion that
modality-specific heart rate responses exist, but did not
reveal any evidence of characteristic cardiac responding to
intermittent as opposed to continuous stimuli. Characteristic
spontanecus responses to different CS8s (whether due to
modality or onset-offset pattern) would allow for a more
definitive evaluation of posasible similarities between

original and conditioned cardiac responses.

Ihe Heart Rate Response to a Light Btimulus

The heart rate responses to visual stimuli are not well
studied. Of the investigators using visual C8s in classical
heart rate conditioning studies (Cohen & MacDonald, 1971;

deleon, 19443 Porges, Stamps & Walters, 1974; Smith &
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S8tebbins, 1965; Tighe, Graves & Riley, 1968), only two
included any detailed analysis of the shape or direction of
the unconditioned response to a non-reinforced light (Cohen &
MacDonald, 19713 Porges et al, 1974). This severely limits
any conclusions that can be drawn concerning the
characteristics of orienting responses, spontaneous responses
and the persistence of these characteristics in conditioned
responses that develop to a reinforced light.

One of the first studies that measured heart rate
- changes to a light in a classical conditioning paradigm was by
delLeon (1964) using human subjects. He paired a 1-sec light
CS with a 6-sec high intensity noise US in an attempt to
replicate the heart rate conditioning findings of Notterman,
Schoenfield and Bersch (1952) who had used a tone CS and a
shock US. After 11 pairinge (ISI = & mec), the light began to
elicit a decelerative heart rate response (averaged over the
entire C5-US interval). The characteristics of the CR in
extinction, spontanecus recovery and reconditioning paralleled
the findings of Notterman, et al. Both findings corresponded
with Pavlov’s descriptions of CRs during such behavioral tests
and therefore, deleon concluded that this deceleration was a
response due solely to CS-US pairings rather than to
psuedoconditioning or sensitization of responding.

The OR to the light in deleon’s study was also a
deceleration when averaged over the 6 sec following the light.

It should be noted that the light C8 was not presented
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throughout this entire measurement interval but only during
the first second. The magnitude of this response diminished
with repetition and was essentially gone by the end of the 20
stimulus pre-exposure trials. DelLeon did not look at the
topography of the response over the ISI, making it impossible
to observe any multiphasic components.

Tighe, Graves and Riley (1948) classically conditioned
heart rate using two intensities of light, one of which was
paired and the other explicitly unpaired with shock, in two
restrained rats. The conditioned response was a consistent
deceleration of at least 40 bpm measured as the difference
between heart rate at the start and at the end of an 11 sec
ISI. Rats were given over 2000 conditioning trials, during
which 18 reversals of CS+ and C8~ took place. When a stimulus
wae changed from a CS+ to a CS— the deceleratory response was
significantly diminished and when a stimulus that had served
as & L8~ was subsequently reinforced, the CR to that stimulus
became a substantial deceleration.

The original responses to the two lights were measured
during 30 non-reinforced trials each. Although no detailed
data were furnished on these responses, accelerations occurred
to both lights. The magnitude of these accelerations were natv
described other than a mention that the 20 bpm acceleration on
the thirtieth presentation was diminished as compared to
accelerations on earlier trials. Responses to the shock were

accelerations of 90 bpm.
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Cohen and MacDonald (1971) found a prolonged
acceleration in heart rate during 10 presentations of a 4~sec
light in restrained pigeons. This was measured for each 2 sec
interval of the CS. When 40 presentations were given, a short
latency heart rate increase was found that habituated rapidly,
although the longer latency accelerative component was still
present at the end of 40 trials. Intermittent footshock
modified this response when unpaired with the light by
producing a decelerative component that persisted for only a
few trials. Pairings of shock and light resultéd in
accelerative CRs that were not very different from
pre—-conditioning responses to the light (i.e., there was no
mention of transient deceleratory components of responding).
The accelerative heart rate response therefore remained
thoughout testing and its amplitude over the CS presentation
was a monotonically increasing function of time such that the
maximum scceleration was at the end of the CS.

Smith and Stebbins (1965) also found an increase in
heart rate to a light paired with shock in restrained monkeys.
The light in this case, was 5& sec long and the shock occurred
simultaneously with light offset. The conditioned cardiac
response to the visual CS+ was an acceleration of relatively
long duration (30-60 sec), that increased in magnitude as the
C8 progressed. After reaching a maximum (at least 30 sec
after C8 onset), the response diminished, tending to return to

baseline prior to the end of the Sét—sec I8I. Acceleration was
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not seen to another light explicitly unpaired with the shock.
Instead, heart rate did not differ significantly from baseline
during the C8-, suggesting a possible attenuation of the
original response to that light. Unfortunately, no data were
included that described CS-alone responding to either light,
making it impossible to compare the CRe and ORe in this study.

Porges, Stamps and Walters (1974) measured response
patterns to the onset and offset of a 30 sec increase in
illumination in human newborns. Only subjects with a high
pre-trial variability of baseline heart rate (which they
proposed was an index of neonatal maturation) responded
significantly to changes in stimulation. The response to
light onset was characterized by a significant quartic trend
containing both accelerative and decelerative components. A
small decrease was seen for the first 10 sec of the stimulus,
the response then changed direction to become an acceleration
of greater magnitude than the previous deceleration. The
acceleration was at its maximum when the sampling period was
terminated (30 sec after CS onset). The effects of pairing
the C8 with an aversive US were not studied.

It is difficult to draw conclusions about the diverse
responses recorded to light stimuli due to the small number of
studies concerning them in the literature. Out of five
studies in which heart rate responses to light stimulation
were measured, all but one included descriptions of ORs to the

light before pairing with the US. The responses recorded
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varied from a deceleration in adult humans, to a biphasic
response in newborn humans, to accelersations in rats and
pigeons. Powell, Schneiderman, Elster and Jacobson (1971)
measured both acceleratory and deceleratory CRs to visual CSs
that were independent of reinforcement schedule, but did not
describe ORs to these stimuli in any detail. OFf the four
studies in which responses to lights after pairings with USs
were measured, decelerations were found in humans and rats,
but accelerations in pigeons and monkeys. No conclusive
evidence is thus furnished to support any consistent
correlation between ORs and CRs since the above studies found
DRs\and CRs of both similar and opposite direction.

A point that may help clarify the cause for such
differences is the time course over which the CS is measured
and how the response is scored. deleon (1964) measured HR
over the shortest period (6 sec) and found deceleratory ORs
and CRs. Tighe et al. (1968) measured over a slightly longer
period (11 sec) and obsérved an acceleratory OR and a
deceleratory CR. S8mith and Stebbins (1965) and Porges et al.
(1974) used much longer periods (30-56 sec) and observed
accelerations. Porges et al. (1974) showed that an initial
deceleration occurred in the first 10 sec of the response that
changed with continuation of the ISI into an acceleration. It
is possible that short ISIs limit the possible responses
observable (i.e., multiphasic responses). Tighe et al. (1968)

aleo used restrained animals. This may affect directionality
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of responding and will be discussed later.

When an acceleration occurred as the OR or the CR, it
appeared to increase for the firat 20-30 sec of the C8 and
when recorded for longer periods, heart rate returned to
baseline after 30-60 sec. Acceleratory ORs did not habituate
as rapidly as did the deceleratory ORs but persisted after IO
trials as measured by Porges et al. (1974) and in Cohen and
MacDonald (1971). Deceleratory ORs were reduced to baseline
levels of responding within 20 trials.

The diversity of these findings may alsc be due to
species, the amount of pre~conditioning trials and other
factors not clearly described in the methods sections (such as
restraint condition). Clearly, there is a need for more
intensive studies of both the OR (and the spontaneous
responses) and the conditioned heart rate responses to visual

atimulation.

N AL G evis et e e ST GRS G0 et M e e ree Ko oty iy br oo s st MR G e e an e ooy oot et e oo o s

The literature concerning heart rate responses to
auditory stimulation (either reinforced or not) is of a
greater volume than that concerning visual stimulation, and a
wide diversity of response patterns is evident. AR increase
in average heart rate with respect to pre-CS8 baseline rates
during conditioning trials was found in restrained dogs
(Dykman &, BGantt, 1959; Fitzgerald, Vardaris & Teyler, 19&&;
Fitzgerald & Walloch, 1964; Sutterer & Obrist, 1972),

restrained monkeys (Randall, Hasson & Brady, 1979, rats
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(Martin & Fitzgerald, 1980), and in humans, (Cohen % Johnson,
1971; Wilson, 196%9). Other studies have measured decreases in
heart rate to tonee in freely moving cats (Howard, Obrist,
Bambelien & Galosy, 1974), humans (Notterman, Schoenfield &
Bersch, 1959 a and b), rabbits (Lockhart & Steinbrecher,
1970), and in both restrained and unrestrained rats
(Fitzgerald & Martin, 1971; Fitzgerald & Teyler, 1970; Martin
% Fitzgerald, 1980; Fitzgerald, Vardaris & Brown, 196&;
Teyler