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Modulatory mechanisms in Pavlovian

conditioning

DALE SWARTZENTRUBER
Ohio Wesleyan University, Delaware, Ohio

Pavlovian conditioning has traditionally been thought to involve the acquisition of excitatory and
inhibitory associations between a conditioned stimulus (CS) and an unconditioned stimulus (US).
Recent research, however, has encouraged the view that Pavlovian learning may also encompass a
higher order modulatory mechanism, in which animals use information about another stimulus to
control responding to the CS.Positive modulators signal a positive relationship between the CSand
the US,whereas negative modulators signal that the CS-USrelationship is not in force. In both cases,
the modulatory control appears to be orthogonal to the modulator's direct associations with the US.
This article reviews and evaluates the literature on this Pavlovian modulatory mechanism.

In his analysis of the role that a stimulus plays in op
erant responding, Skinner (1938) recognized that in
many situations, responses are reinforced only in a par
ticular stimulus environment. On the basis of these envi
ronmental cues, the organism comes to discriminate the
occasions on which responses are reinforced from those
in which responses are not reinforced:

Although the response is free to come about in a very large
number of stimulating situations, it will be effective in
producing a reinforcement only in a small part of them.
The favorable situation is usually marked in some way,
and the organism makes a discrimination ... It comes to
respond whenever a stimulus is present which has been
present upon the occasion ofa previous reinforcement and
not to respond otherwise. The prior stimulus does not
elicit the response; it merely sets the occasionupon which
the response will be reinforced. (p. 178)

Skinner suggested that this is the manner in which re

sponses become restricted to specific stimulus situations.
As a result, the presence of the stimulus effectively mod

ulates the response.
Pavlovian conditioning, on the other hand, is typically

understood in terms of learned binary associations be
tween stimuli. Animals acquire excitatory and inhibitory
associations as a function of the predictive relationship
that exists between conditioned stimuli (CSs) and un
conditioned stimuli (USs). Perhaps because even the
learning ofquite complicated discriminations can be ac
counted for in terms of these simple associations, theo
ries of Pavlovian conditioning have largely ignored the
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potential for a modulatory stimulus role analogous to
that described by Skinner for operant paradigms.

However, recent research from several laboratories
has shown that stimuli do appear to modulate condi
tioned responding to other stimuli. Researchers have pro
vided evidence that an animal can learn that one stimu
lus provides information about a second stimulus'
contingency with the US. The probability of responding
to the second stimulus comes to depend on the presence
of the modulatory stimulus. This role appears to be rela
tively independent of the modulator's own associations
with the US.

There has been a major trend in Pavlovian condition
ing research toward examining this modulatory mecha
nism. The purpose of the present article is to review this
research and to describe and evaluate the several existing
views on the nature of modulation.

EVIDENCE FOR MODULATION

Much ofthe recent interest in the modulatory function
of stimuli in Pavlovian conditioning can be traced to the
findings of Ross and Holland (1981). They began a sys
tematic investigation of modulation by using appetitive
feature-positive, or AB+, B-, discrimination training in
rat subjects. In their experiments, a 5-sec auditory target
stimulus (B) was presented on all trials but was rein
forced with a food-pellet US only when B was presented
in compound with a 5-sec visual stimulus (A). As the dis
crimination was acquired, responding became greater
during AB compound trials than when B was presented
alone. Solution of such a feature-positive discrimination
has typically been thought to involve the acquisition of
simple excitatory associations between A and the US
(e.g., Hearst, 1978). However, the results of several pro
cedural manipulations led Ross and Holland to conclude
that the visual A stimulus did not always act solely as an
excitor, but sometimes served to "set the occasion" for
the excitatory B-US association.
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Ross and Holland's (1981) preparation exploited ear
lier work by Holland (1977), who showed that excitatory
appetitive visual and auditory stimuli evoke different re
sponse forms. A light that has been paired with food will
evoke rearing and orienting toward the food magazine,
whereas an auditory stimulus such as a tone or white
noise will evoke rapid headjerk responses. Thus, they
could assess the specific excitatory associations that are
acquired during training by observing the form of the
rat's responding during the light and tone.

Using this technique, Ross and Holland (1981) found
that the manner in which the feature positive discrimi

nation was solved depended on the temporal relationship
between the light and tone on AB+ compound trials. If
the light and tone were presented simultaneously, the

compound evoked a rearing response, indicating that the
light feature, A, had become excitatory. This finding was
consistent with prior research and was predicted by a

simple associative account; the light was a more valid
predictor of the US than was the tone. However, if the
light preceded the tone on AB+ compound trials, the rats
both reared to the light and headjerked to the tone, sug
gesting that the tone, as well as the light, was now excit
atory. Importantly, the rats only headjerked to the tone
when it followed the light. The light thus appeared to
have acquired the ability to modulate or set the occasion
for the expression ofthe excitatory tone-US association.

Rescorla (e.g., 1985) has provided comparable data
from a pigeon autoshaping preparation. As with Ross and
Holland's (1981) preparation, this research exploited the
benefits of using stimuli that evoke different excitatory
response forms. In pigeons, a keylight stimulus that has
been paired with food will come to elicit directed peck
ing at the key. A diffuse excitatory stimulus, on the other
hand, such as white noise, a tone, or an overhead house
light, tends to evoke general activity. In Rescorla's typi
cal feature-positive procedure, a 5-sec keylight target, B,
is nonreinforced when presented alone and is reinforced
with grain when presented during the last 5 sec of a 15
sec diffuse feature, A. The pigeons rapidly come to re
spond to the keylight on AB+ compound trials, but not
when the keylight is presented alone, B-. Because re
sponding on compound trials takes the form of key
pecking, and not simply an increase in general activity,
these results again suggest that the auditory feature had
not simply become associated with food, but instead
modulated or "facilitated" the response to the visual key
light target.

The feature-positive procedure used in these investi
gations of positive modulation is procedurally the con
verse of the familiar feature-negative, or AB-, B+, pro

cedure often used to establish Pavlovian conditioned
inhibition to the A feature. The nature of the inhibitory
learning that occurs in the feature-negative procedure has
received considerable attention over the past two decades.
Recent work from several laboratories has suggested that
more than one type of inhibitory mechanism may exist;
as with positive modulation, the mechanism involved
might depend on the temporal relationship between the

feature and the target. Holland and his collaborators, for
example, have conducted a number of investigations ex
amining a possible role for negative modulation in learn
ing that parallels that of positive modulation (e.g., Hol
land, 1984, 1985, 1989b; Holland & Lamarre, 1984).
Their work has suggested that inhibition might come
about either by acting directly on the US representation,
in a manner opposite to simple excitation, or by actively
modulating the expression of excitatory CS-US associ
ations. Rescorla (e.g., 1985; see also Jenkins, 1985) has
conducted a number of autoshaping experiments to ex
amine inhibitory control and has also provided evidence
for a negative modulatory process. In general, consider
able evidence now suggests that the traditional view of
inhibition as the direct opposite of excitation may need
to be reevaluated. At least under some circumstances, in
hibitory control can function through a modulatory mech
anism that is distinct from simple associations.

Over the past 10 years, the research on Pavlovian mod
ulation has focused on various aspects of the nature of
the modulatory learning mechanism. This review will
begin by examining the role that excitation plays in pos
itive and negative modulation. The next section will de
scribe the several different views on the nature of the
modulatory mechanism and will evaluate the research
that has provided evidence for the views. The final sec
tion will examine the conditions currently thought to be

important for acquisition of modulation.

THE ROLE OF EXCITATORY ASSOCIATIONS

IN MODULATORY CONTROL

Modulatory processes have received attention because
their role in learning is not encompassed by our current
associative models of Pavlovian conditioning. Positive
modulators have properties that appear to transcend their
simple associations with other stimuli or with the US.

Similarly, the control exerted by negative modulators
often appears surprisingly unaffected by their observable
excitation. Research on both modulatory processes has
focused largely on the extent to which the modulatory
functions are independent of excitatory associations.

Positive Modulation

Research on the importance of excitation in positive
modulation has been aimed at assessing the extent to
which modulation is merely an artifact of simple excita
tion. It is conceivable that greater responding on com
pound trials comes about because the feature's excitation
summates with that ofa weakly excitatory target. On the
one hand, the early research focusing on the response
topography suggested that a simple summation view
would not provide a very satisfying account. However,
we know little about how two excitatory CSs that elicit
different conditioned responses (CRs) will summate in
performance. As a result, the observation that responding
on compound trials takes the form of responding to the
target CS is not sufficient evidence that the feature mod
ulates responding independently from its own excitation.



The greatest potential for addressing this issue lies in
research that has systematically examined the role that
excitation plays in the ability of a stimulus to modulate.
This research can be divided into two classes. One class
ofstudies examined the modulatory capacity ofa known
excitor; another class of studies examined the effects of
explicit changes in the modulator's excitation.

Modulation by Excitors

Rescorla (1985) described two autoshaping experi
ments that examined the ability of a simple excitor to
modulate responding to a keylight target. In one experi
ment, either a 15-sec white noise or a 15-sec light was
trained as a modulator signaling reinforcement ofa 5-sec
keylight. The other diffuse stimulus was trained as an ex
citor by simply pairing it with food an equal number of
times. Both diffuse stimuli were then tested for their
ability to modulate responding to the keylight. As ex
pected, responding to the keylight during the explicitly
trained modulator was high. On the other hand, the dif
fuse stimulus trained as an excitor had little impact on
responding. However, this result could also have resulted
from greater familiarity with the modulator-target com
pound. The second experiment examined the modulatory
ability of keylight stimuli that were trained as either
modulators or excitors. Importantly, in this experiment,
modulation was assessed by examining the ability of
these keylights to augment responding to yet another
keylight that had received simple excitatory training and
extinction and had not otherwise participated as a target
of modulation. Thus, neither compound presented dur
ing the test had been previously experienced by the pi
geons. Although the excitor appeared to enhance re
sponding to the target to some extent, responding was
much greater when the target was signaled by the key

light that had been explicitly trained as a modulator.
Rescorla (1987) has obtained similar results when the
modulatory ability ofa diffuse stimulus trained as either
a modulator or an excitor was tested on a common trans
fer target. These experiments suggest that a stimulus
trained as a modulator develops properties different from
those of a simple excitor.

However, a less interesting but plausible possibility is
that AB+, B- training results in stronger excitation to A
than does simple excitatory A+ training alone. If so, the
results above might merely reflect the modulator's greater
excitatory strength. Associative models predict that A
would acquire greater initial excitation during A+ train
ing than during AB+, B - training; however, if training
involves serial A~B+ compounds where A terminates
prior to the onset of B, as with Holland's preparation
with rats or Rescorla's keylight modulators, A's excita
tion may be enhanced because B fills the "gap" between
A and the US (see, e.g., Kaplan & Hearst, 1982; Kehoe,
Gibbs, Garcia, & Gormezano, 1979; Pearce, Nicholas, &

Dickinson, 1981; Rescorla, 1982a).
In order to compare the excitatory strengths ofdiffuse

stimuli trained as either positive modulators or excitors,
Rescorla (1985; see also Holland, 1986a, 1986b) exam-
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ined the ability of each stimulus to act as a second-order
reinforcer for a preceding keylight CS. Although both
stimuli were effective in conditioning excitation to the
new CSs, the stimulus originally trained as an excitor
was a more effective reinforcer than was the stimulus
trained as a modulator. Importantly, this result suggests
that, under the present conditions, modulatory training
results in weaker excitation than does simple excitatory
training.

Although modulation appears to involve more than
simple excitation, Brandon and Wagner (1991) have re
cently provided evidence that excitatory conditioning of
a long-duration stimulus can provide that stimulus with
the ability to enhance responding to another stimulus.
Using rabbits in a conditioned eye-blink procedure, ex
citatory conditioning involved presenting a 50-msec
paraorbital shock US at varying times during a 30-sec
auditory stimulus. These temporal parameters were not
sufficient for the auditory stimulus to elicit eye-blink
conditioned responses (CRs); however, they found that
CRs that were otherwise elicited by an excitatory short
duration CS were enhanced when that CS was tested in
the presence of the longer excitatory stimulus. These re
sults suggest that a long-duration excitatory stimulus can
modulate responding to another excitatory CS, when the
two stimuli do not otherwise evoke similar CRs. Elabo
rating on a theory ofassociative acquisition proposed by
Konorski (1967), Brandon and Wagner (see also Bom
bace, Brandon, & Wagner, 1991; Brandon, Bombace,
Falls, & Wagner, 1991; Wagner & Brandon, 1989) sug

gested that the long- and short-duration stimuli became
associated with different aspects of the US. One feature
of the excitation acquired by the long-duration stimulus
was its ability to elicit preparatory CRs, whereas the short
duration CS elicited consummatory CRs. The preparatory
CRs enhanced the magnitude of the consummatory CRs.

It is important to note that the ability of the long
duration stimulus to enhance responding in these eye
blink experiments was acquired through simple pairings
with the US. This modulatory function thus likely de
pends on the existence of an excitatory modulator-US
association. If so, these findings are perhaps best under
stood in terms of the summation of excitation. Little is
currently known about how excitatory stimuli that elicit
different CRs will combine in performance, and these
experiments provide some important insight into the
mechanisms of excitatory summation.

On the other band, as the research reviewed here sug
gests, there now exists a substantial body of evidence
supporting the existence of a modulatory mechanism
that involves more than simple excitatory associations.
The term modulation as it is used here refers to situations
in which one stimulus is used to influence responding to
another stimulus in a manner that is orthogonal to its
own associations with the US. The modulatory function
demonstrated by Brandon and Wagner (1991) cannot
easily be categorized in this manner. However, the con
ditions under which excitation-independent modulation
is acquired are not well understood. With some proce-



126 SWARTZENTRUBER

dures, it may be that CS-US pairings are sufficient for a
stimulus to acquire both an excitatory US association
and a modulatory function that is orthogonal to this as
sociation. Additional research will be required in order
to address this possibility adequately.

In any case, the results of experiments comparing the
modulatoryand excitatorypropertiesof stimuli suggestthat
positive modulation and excitatory training endow stimuli
with separate properties. Although simple excitation may
provide a stimulus with a functional ability to enhance re
sponding to a target CS (and modulatory training can es
tablish excitatory strength), Pavlovianpositive modulation
appears to involvemore than simple excitation.

The Effects ofChanging the Modulator's
Excitation

A very successful technique for examining the role of
excitation in modulation has been to manipulate the
modulator's excitatory strength. Experiments from sev
eral preparations have examined the effects of condi
tioning excitation to the modulator both before and after
modulation training, extinguishing excitatory respond
ing to the modulator following modulation training, and
either maintaining or suppressing excitatory responding
to the modulator concurrently with training. The logic
behind all of these manipulations is that the extent to
which modulation depends on excitation should be re
vealed by the effect that a change in the modulator's ex
citation has on modulatory control.

Excitatory conditioning ofthe feature before modula
tion training. Ifmodulation depends on a direct associa
tion between the feature and the US, one might expect
that pretraining a feature-US association would enhance
modulation. The effect of excitatory pretraining has
been examined in both pigeon and rat preparations.

Using an autoshaping preparation with IS-sec diffuse
stimuli as modulators, Rescorla (1986b) conducted a sys
tematic examination of the effects of pretraining excita
tion to either the A feature or the B keylight target on the
subsequent acquisition ofAB+,B- discrimination learn
ing. Far from enhancing modulation, the results showed
that excitatory pretraining ofA strongly disrupted differ
ential responding to B. However, if B had also received
prior excitatory training, disruption was reduced.
Rescorla suggested that excitation to A probably caused
A to block excitatory conditioning of B. Excitatory pre
training of B prevented complete blocking, thereby per
mitting control ofresponding by A. Because modulatory
control was not enhanced by pretrained excitation but in
stead interfered with the development ofresponding to the
target, these results provide further evidence that modu
lation is not simply a result of feature-US excitation.

In order to further assess whether excitation is actually
incompatible with modulation, Rescorla (1986b) trained
a compound of two diffuse stimuli as the A feature. One
ofthe stimuli had received prior excitatory conditioning.
Ifexcitation and modulation are inherently incompatible
processes, the excitatory element ofthe compound should
become a weaker modulator during training. Although

the extent of modulation of B was small-as was ex
pected, given the previous results-both diffuse stimuli
were similarly capable of enhancing responding to B
when tested alone following training. These results sug
gest that excitatory training of the A feature probably
disrupted modulation merely to the extent that it pre
vented B from becoming excitatory.

The role of excitation has also been examined by using
a serial A ~ B + , B-, appetitive preparation with rats.
Ross (1983) examined the effect ofexcitatory pretraining
of the visual A feature, the B target, and the A~B com
pound. He found that excitation to A slowed the acquisi
tion of differential responding to B. Again, as with
RescorIa's (1986b) findings, it is likely that the excit
atory A blocked initial excitatory conditioning of B. In
another group ofrats, an excitatory B successfullyblocked
the development of A-US associations, but did not dis
rupt the ability of A to subsequently modulate respond
ing to B, which further suggests that A need not be an ex
citor to modulate responding to B. Acquisition of the
discrimination was enhanced, however, in a group that
received reinforcement of the A~B compound prior to
discrimination training. In summary, the results ofRoss's
(1983) experiments further support the contention that
positive modulation is not due merely to excitatory train
ing of the A feature alone.

Conditioning or extinction ofthe feature after modu
lation training. Several experiments have examined the
relationship between excitation and modulation by ma
nipulating the modulator's excitation following modula
tion training. These treatments have focused on the ef

fect of reinforced or nonreinforced exposure to the A
feature alone following AB+,B- discrimination training.

For example, using both localized keylights and dif
fuse stimuli as modulators in the autoshaping prepara
tion, Rescorla has conducted several experiments in
which modulators were differentially treated following
training. The results demonstrated that neither post
training reinforcement (RescorIa, 1985) nor extinction
(RescorIa, 1986a) of the modulators had any effect on

the modulatory strength of the stimuli.
The results from studies using the appetitive observa

tional preparation with rats, however, are somewhat
mixed. Ross (1983) found considerable disruption of
modulation after the A feature had been presented alone
following training, although modulation was rapidly
reacquired during continued training. Presumably, ex
posure decreased attention to the feature, which would
have the effect of making the reinforced and nonrein
forced target presentations less discriminable. On the
other hand, Holland (1989b, 1989c) has typically found
that extinction of A produces little disruption of modu
lation. In fact, Holland (1989b) found that presentations
of A following A~B+,B- training actually enhanced
the ability of A to control responding to a different tar
get from another modulatory discrimination. In agree
ment with the results of Rescorla (1985), Ross (1983)
found that reinforcement of A following training had no
effect on A's modulatory strength.



In general, modulation does not appear to be strongly
affected by either nonreinforced or reinforced exposure
to the modulator following discrimination training. These
results again support the view that excitation is not an in
tegral component of modulation.

Changes in the feature's excitation during training. A

further technique for assessing the role of excitation in
positive modulation is to examine the effect of modula
tor-US manipulations that take place concurrently with
discrimination training. Research has mainly focused on
nonreinforced separate presentations of the modulator.

Ross and Holland (1982) examined modulation with a
serial positive patterning, A ~ B + , B - , A - , procedure.
As with the serial feature-positive procedure, a tone, B,
was reinforced with food only when it followed a light,
A. However, both the tone and light were nonreinforced
when presented alone. Although this experiment did not
include a control group for which the light was not sep
arately presented, differential responding to the tone on
A~B+ and B- trials was comparable to that seen in
previous research (e.g., Ross & Holland, 1981). Further,
direct associations between the modulatory light and the
US appeared to be weakened as a result of separate light
presentations. This result provided an initial indication
that concurrent presentations of the modulator alone do
not disrupt modulation.

Subsequently, Holland and Block (1983) examined
positive patterning with a lO-sec simultaneous, as op
posed to serial, compound of the light and tone. Ross and
Holland (1981) had suggested previously that if A and B
are presented simultaneously during AB+,B- training,
A becomes a simple excitor and does not modulate re
sponding to B. However, this simple excitatory control
by either the light or the tone should be hindered by the
separate nonreinforced presentation of both stimuli in
the patterning procedure. They noted the development 'Of
a "rear/headjerk" response on reinforced compound tri
als and suggested that this otherwise infrequent response
may be evidence that a cue unique to the light-tone com
pound was acquiring excitation (e.g., Rescorla, 1973).
Note, however, that the use of a new mutually exclusive
class ofresponding that is a subset ofboth rear and head
jerk must necessarily reduce the number of scored oc
currences of these independent behaviors. In fact, when
categorized in the same manner as in prior research, head
jerk on light-tone compound trials appeared markedly
greater than to the tone alone. This pattern ofresponding
has often been used to support the postulation of a mod
ulatory mechanism. As will be discussed later, Holland
(1989a) has provided stronger evidence favoring the use
of a configural mechanism during positive patterning
training.

Recently, Holland (1989b) has shown that presenta
tions of A alone during serial training both decrease
A-US associations and enhance A's ability to modulate
responding to a transfer target that has been trained in ei
ther another patterning or a traditional feature-positive
discrimination. Because excitation was reduced, these

PAVLOVIAN MODULATION 127

results suggest further that positive modulation does not
depend on excitation.

Negative Modulation

As with positive modulation, much of the negative
modulation research that has examined the role of sim
ple associations has focused on the effect of excitation
on modulation. In fact, convincing evidence for a nega
tive, or inhibitory, modulatory role in Pavlovian condi
tioning comes largely from the demonstration that cer
tain training procedures establish inhibitory control that
appears to be independent ofdirect associations with the
US. Research has examined both the extent to which
negative modulators can have concurrent excitatory as
sociations and the impact of excitatory training on in
hibitory control.

Several authors have examined various techniques for
assessing the independence of inhibitory control from
simple associations with the US. Both Rescorla (1985)
and Jenkins (1985) have used the autoshaping prepara
tion to examine the effect of excitatory training of the
modulator on modulatory control. Rescorla (1985)
trained pigeons on two feature negative, AB - ,B+, dis
criminations in which the inhibitors, A, were colored
keylights followed immediately by either a white key or
an X pattern, B. Presentations ofB were otherwise rein
forced. When the inhibitors were compared to a stimu
lus that had been nonreinforced alone during training,
control acquired by each inhibitor transferred well to the
excitor that had been trained with the other inhibitor.

Then, in order to establish differential levels of excita
tion to the inhibitors, one inhibitor was reinforced and
the other was presented alone. A second test of inhibition
revealed that both inhibitors still suppressed responding
to the excitors, although the inhibitory strength was re
duced for the stimulus that had received excitatory train
ing. However, when both inhibitors were then repeatedly
nonreinforced, inhibition was again strong and equiva
lent for both inhibitors. This suggests that the disruption
of inhibition that followed excitatory training was possi
bly due to a masking of the inhibitory control by excitatory
responding (see also Hearst, 1984). When excitatory re
sponding was reduced, inhibitory control reappeared.

Jenkins (1985) also examined the effect of excitatory
training of an inhibitor in an autoshaping preparation.
He used a simultaneous Pavlovian conditioned inhibition
preparation, in which a target keylight was paired with
the US except when it was presented in compound with
a 6-sec white noise stimulus. On reinforced trials, the
grain US occurred at the end of the 6-sec target, or fol
lowing four pecks at the target. Following successful ac
quisition of the discrimination, one group ofsubjects re
ceived noise-US pairings; another group received the
noise-keylight compound paired with the US; and a con
trol group received no further treatment with the noise.
Consistent with Rescorla's (1985) results, subsequent
tests of inhibitory control revealed that excitatory train

ing of the noise alone had no detrimental impact on in-
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hibition. Furthermore, the noise continued to exert in

hibitory control over the keylight when the noise-US tri

als were subsequently intermixed with inhibitory training.

Holland (1984; see also Holland, 1989d; Morell &

Holland, 1993) has also examined counterconditioning

of inhibitors, specifically looking at differences resulting
from simultaneous, or AB-,B+, and serial, A ~ B - , B + ,

conditioning procedures. Holland and his collaborators

(e.g., Holland, 1985; Holland & Gory, 1986; Holland &

Lamarre, 1984) have suggested that serial inhibitory

training produces negative modulation that should not be

affected by the concurrent presence of excitation. Excit

atory conditioning of simultaneously trained inhibitors,

on the other hand, should be retarded (see, e.g., Res

coria, 1969) and should disrupt previously established

inhibitory control. Using the conditioned suppression

preparation with rat subjects, Holland (1984) established
inhibition by training either serial or simultaneous fea

ture-negative discriminations in which a 60-sec excit
atory CS, B, was paired with a shock US when presented

alone, but was nonreinforced when preceded by (in one

group), or presented simultaneously with (in another

group), a 60-sec feature, A. After responding to B came
under the control of A, animals received pairings of A

with shock until A elicited a strong excitatory CR. Con
sistent with Holland's predictions, the group trained with

a serial feature-negative procedure showed fast acquisi

tion of excitation when compared with the group given

simultaneous training. More importantly, subsequent test
ing ofinhibitory control revealed that the excitatory train

ing had little effect on the ability of the serially trained

feature to inhibit responding to the excitor, whereas in

hibitory control by the simultaneously trained feature was

considerably undermined.

Alternative Roles for Excitation

In general, observations that excitatory training does

not destroy the negative modulatory ability are among

the strongest evidence that modulation does not function

in a manner consistent with simple associative models.

However, under some circumstances, excitation may
play an important role in modulation. Recently, Rescorla

(1991b; see also Robbins, 1990) has reported that con
current excitatory training can actually enhance the de

velopment of modulation. In several experiments with

pigeons in the autoshaping preparation, the effect ofcon

current reinforced or nonreinforced presentations of the

feature on positive and negative modulation was exam

ined. The results showed that regardless of the type of
modulator, separate reinforcement improved its modula

tory ability. Because current associative theories predict

that excitation should reverse the effects of inhibitory

feature-US associations, these results provide especially
powerful evidence for the existence of an inhibitory

modulatory mechanism that is separate from direct US

associations. Rescorla suggested that rather than affect

ing the US representation directly, excitation may im

prove modulation by increasing the salience and/or pro

cessing of the feature.

In combination with the results of experiments dem

onstrating that modulation does not involve a simple as
sociative mechanism, Rescorla's (1991b) observation that

excitatory training can sometimes enhance both positive

and negative modulatory control suggests that excitation

may playa more elaborate role in modulation. This find

ing highlights the importance of controlling for excita
tion in investigations ofmodulation. However, the extent

ofexcitation acquired during training is often confounded

with the procedures used to establish modulation. For

example, although Holland (e.g., 1984) has suggested

that simultaneous and serial feature-negative procedures

establish inhibitors that use different learning mecha
nisms, it is important to note that the two procedures

also establish markedly different magnitudes of second

order excitation as well (see, e.g., Holland, 1984; Hol

land & Lamarre, 1984; Rescorla, 1982b). The possibil

ity that excitation or excitatory CRs may playa role in

inhibitory learning may account for some of the differ

ences found with these two training procedures. The im

portance of this distinction will be discussed in more de

tail below.
Instead of attempting to control for the level of excit

atory conditioning involved in feature-positive training,

investigators in several laboratories have often used the

tactic of controlling for the procedural relationship of

the modulator with both the target and the US. For ex

ample, in several experiments, the modulatory ability of

the putative modulator A, trained in an AB+,B- proce

dure has been compared with that acquired in a "pseudo

facilitation" AB+,B+ procedure (see, e.g., Davidson,

Aparicio, & Rescoria, 1988; Davidson & Rescoria,

1986; Rescorla, 1985; see also Holland, 1986b; Wilson

& Pearce, 1989). The advantage of this procedure is that

although the modulator and pseudofacilitator are paired

an equal number of times with B and with the US, the

pseudofacilitator provides no information about B's re

inforcement. Results have consistently shown that the

pseudofacilitator has little or no modulatory strength. This

procedure does not control perfectly for simple excitatory

strength acquired by A; the pseudofacilitator may acquire

more second-order excitation, whereas associative mod

els would predict that the pseudofacilitator would acquire

less excitatory strength. However, until more is known

about the extent and nature of the excitation acquired in

feature-positive procedures, controlling for informational
strength may be the most appropriate strategy.

Summary

In summary, the relationship between modulation and

simple associative processes appears complex. There is

sufficient evidence to suggest that both positive and neg
ative modulation involve processes that are distinct from

simple excitation. On the other hand, under some circum
stances, excitors can modulate, and modulators become

excitatory. However, the degree to which stimuli trained
as simple excitors can modulate responding through a

mechanism that is distinct from a simple associative
mechanism requires further investigation. Finally, exci-



tation has now been shown to augment both the acquisi
tion and expression of modulation. Although the excit
atory and modulatory processes can be independent, the
complete role that excitation might play in modulation is
still unclear.

EXAMINING THE MODULATORY

MECHANISM

After having reviewed the evidence on the role ofsim
pie excitation in modulation, we have concluded that
modulation involves a mechanism that is relatively inde
pendent of simple US associations. If not through direct
associations with the US, how might modulators affect
responding to the target? The alternative mechanisms
that have been suggested differ with respect to the locus
of the modulatory action. Rescorla and Holland (1977),
for example, in their investigation of inhibitory control,
suggested that there are four potential loci of inhibitory
action. Inhibitors may act by directly affecting the rep
resentations of the target CS, the CR, the CS-US asso
ciation, or the US. More recently, Rescorla (e.g., 1985)
and Holland (e.g., 1985) have emphasized these loci for
the potential action ofboth positive and negative Pavlov
ian modulators.

First, there are several mechanisms through which a

modulator might act directly on a specific CS. One pos
sible CS-specific mechanism that has received consider
able discussion in the literature is the possibility that the
modulator configures with the target on compound trials
so that the feature-target compound is perceived as a
unique stimulus. Solution of the discrimination would
thus involve a simple Pavlovian discrimination between
two distinct events.

Second, instead of acting directly on the target CS, a
modulator might act on the CR evoked by the CS. Positive
modulators might acquire the ability to enhance a partic
ular response, whereas negative modulators might inter

fere with or suppress the evocation ofa specific response.
A third possibility is that modulators act directly on

established CS-US associations. Holland (e.g., 1983)
has proposed that modulators act in a hierarchical man
ner to control the expression of the specific CS-US as
sociation involved in training the modulator. Positive
modulators enable or activate the association, whereas
negative modulators suppress or inhibit the association.
More recently, Holland (1989d) has suggested that a
modulator's action may not be restricted to a specific as
sociation, but instead may be more general to a particu
lar class of CS-US associations-namely, associations
that have come under previous modulatory control.

The fourth possible locus is the US itself. Rescorla
(e.g., 1985) has suggested that modulators act on the US
so as to change the threshold for activation ofthe US rep
resentation. Within this view, modulators change the like
lihood that a target will activate the US representation,
thereby evoking a response. Positive modulators lower
the US threshold, which would facilitate the ability of
such a target to activate the US. A negative modulator
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acts by raising the US threshold, thus suppressing the ex
pression ofan excitatory CS-US relation. This interpre
tation of negative modulation is similar to one proposed
by Konorski (1948; see also Rescorla, 1979) as an ex
planation for the action of conditioned inhibitors.

Transfer Assessments

One extensively used technique for assessing the na
ture ofmodulation has been the investigation ofthe mod
ulator's ability to control responding to target stimuli
other than the original training target. If modulators act
directly on either the CS or a specific CS-US associa
tion, then a modulator that has been trained with one CS
should have little impact on responding to a CS that has
not been trained with that modulator. Similarly, if the
modulatory impact is on the CR, modulators should not
control responding to CSs that elicit different CRs. On
the other hand, if modulation involves changes in some
attribute of the US representation (e.g., the threshold for
its activation), then all targets that are sensitive to changes
in that attribute should be affected by the presence ofthe
modulator.

Experiments involving transfer have focused on a num
ber of different issues. The specificity of modulation to

the original CS has been examined in several prepara
tions and has received considerable attention because of
its potential for exposing the nature of modulatory con
trol. Transfer has also been used simply as a tool for as
sessing the effectiveness of a modulator; it is often de
sirable to compare the modulatory abilities of two or
more stimuli on a common target that has not received
prior training with the putative modulators. In these sit
uations, differential transfer is usually taken as evidence
of differential modulatory strength.

Unfortunately, many experiments that have assessed
transfer ofmodulation across targets have failed to com
pare the modulatory control with that of a stimulus that
does not receive explicit modulatory training. Without
such a comparison, it is impossible to assess the extent
to which the modulator's effect on responding to the
transfer target is attributable to the conditioned as op
posed to the nonassociative properties of the modulator.
Although this does not represent a major concern in ex
periments that compare the modulatory strength of dif
ferentially treated modulators, the CS specificity ofmod
ulation cannot be determined without accounting for the
nonassociative effects of the modulator.

Positive Modulation
Rescorla and his collaborators have examined the CS

specificity of positive modulation in a number of situa
tions, using autoshaping with pigeons. To summarize,
positive modulators consistently enhance responding to
transfer targets that have been involved in other positive
modulation discriminations (e.g., Rescorla, 1985; Res
corla, 1986b), although the extent ofmodulation is often
weaker than that observed in the original modulator
target compounds. Further, modulators will enhance re
sponding to a stimulus that has been trained and extin-
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guished(e.g., Rescorla, 1985, 1987, 1988, 1991b, 1991c;
Swartzentruber & Rescorla, 1994), and such enhance

ment is greater than that demonstrated by a stimulus that

has not received modulatory training (e.g., Rescorla,

1985; Swartzentruber & Rescorla, 1994). Similarly, in

comparison with a stimulus that has received simple ex

citatory training, a positive modulator will enhance re
sponding to a compound consisting ofexcitatory and in

hibitory elements (Rescorla, 1987). On the other hand,

positive modulators do not enhance responding to stim

uli that have received nonreinforced preexposure, simple

excitatory training, or excitatory conditioning with a

trace procedure (e.g., Rescorla, 1985). In these experi

ments, however, the effect ofthe modulator was not com

pared with the effect of a control stimulus lacking mod

ulatory training.

Recently, Swartzentruber and Rescorla (1994) used

the autoshaping preparation to compare the extent to

which positive and negative modulation transfers to a

stimulus that has been trained and partially extinguished

and to a stimulus that has received nonreinforced expo

sure prior to partial excitatory training. In an attempt to

rule out the effect of any unconditioned properties of the

modulators on transfer, we compared transfer by the

modulators to the effect of pseudomodulatory control

stimuli that had not received explicit modulatory train

ing. Furthermore, in order to compare the sensitivity to

transfer of stimuli with different training histories, it was

important to examine transfer at a point when responding

to the separate stimuli was equivalent. Thus, after mod

ulation and pseudomodulation training, pigeons received

discrimination training with two stimuli, C and D, in

which C was reinforced and D was nonreinforced. Trans

fer by the modulator and pseudomodulator was then as

sessed while C and D were undergoing a discrimination

reversal. Thus, C was undergoing extinction, whereas D

was undergoing initial excitatory acquisition. Results

demonstrated that transfer ofboth positive and negative

modulation was reliably greater to the extinguishing stim

ulus, C, than to the acquiring stimulus, D, suggesting that

an extinguishing stimulus is more sensitive to modula

tory control than a stimulus that has received nonrein

forced exposure prior to conditioning. Because the iden
tity of C and D was counterbalanced, this design ruled

out the possibility that transfer results solely from stim

ulus generalization between the perceptual features of

the original training target and the transfer targets.

A number of experiments have examined transfer of

positive modulation in appetitive preparations with rats.

The ability ofa modulator to influence responding to dif
ferent targets also depends importantly on the training

history ofthese targets, but results are not completely con

sistent with those from the autoshaping preparation.

Modulators will enhance responding to targets that have

been trained in similar positive modulation discrimina
tions (Davidson & Rescorla, 1986; Holland, 1986a, 1989a;

Wilson & Pearce, 1989, 1990; but see Holland, 1986b),

and such transfer is strongest if transfer is tested fol

lowing nonreinforced exposure to the modulator, or if

training involves a patterning procedure where the mod

ulator is nonreinforced alone on some trials during train
ing (e.g., Holland, 1989b). Positive modulators do not

enhance responding to partially reinforced stimuli (Hol

land, 1983, 1986b; Wilson & Pearce, 1990) or to a target

consisting of a compound of both excitatory and in

hibitory elements (Holland, 1986b). Experiments testing
transfer to trained and extinguished stimuli have pro

vided mixed results. Holland (e.g., 1986a, 1986b, 1989a,

1989b) has typically found little or no enhancement,

whereas other researchers have observed enhancement

(e.g., Jarrard & Davidson, 1991; Davidson & Jarrard,

1989). The reason for this discrepancy is unclear; how

ever, Holland (1991 a) has recently observed enhance

ment ofresponding to an extinguished excitor when mod

ulation was trained in a discrete-trial operant procedure

with rats.

Although there are a few inconsistencies across labo

ratories and preparations, researchers generally agree

that positive modulators can transfer control across tar

gets. Evidence for transfer suggests that positive modu

lators act, at least in part, in a manner that is independent

ofthe identity of the original CS. The extent of transfer,

however, depends on the nature of the transfer target's

prior training; targets with currently suppressed levels of

excitation and targets of other positive modulation dis
criminations appear most sensitive to positive modula

tory control.

Negative Modulation

The ability of negative modulators to influence re

sponding to transfer targets has also received consider
able investigation. The research in this area has focused

on the extent to which serial, A~B-,B+, and simulta

neous, AB - ,B+, training procedures differentially af

fect responding to transfer targets, and on the extent to

which the conditioning history of the transfer target de
termines the extent of modulatory transfer.

Using conditioned suppression with rats, Holland and

Lamarre (1984) examined the abilities of serial and si

multaneous inhibitors to transfer to a simple excitatory
CS. Importantly, throughout testing, inhibition in both

groups was compared with that seen by a control group
that had received A - ,B+ discrimination training, which

might itselfhave produced differential inhibition. When

testing was conducted with the same temporal param

eters that were used in training, the results revealed reli

able transfer only by the simultaneous group. Serial in

hibitors showed no evidence of transfer to a simple

excitor. Note, however, that this test was conducted under

different temporal conditions for the different groups.

When Holland and Lamarre tested the simultaneously
trained animals serially and the serially trained animals

simultaneously, neither group showed transfer to the ex

citor. In fact, with serial testing, the simultaneous group

no longer suppressed responding to its original excitor.
In a second experiment, Holland and Lamarre (1984)

used a within-subjects design to examine the extent to

which serial and simultaneous inhibitors suppress re-



sponding to the target from the other discrimination. The
serial inhibitor transferred weakly to the excitor from the
simultaneous discrimination when testing was either se
rial or simultaneous, and there was good inhibition of the
serial inhibitor's own excitor, regardless of testing pro
cedures. On the other hand, the simultaneous inhibitor
suppressed responding to the serially trained excitor
when tested both serially and simultaneously but again
did not inhibit its own excitor when tested serially. As
suggested by Holland and Lamarre, the observation that
the simultaneous feature showed better control of the
transfer excitor than of its original excitor during serial
tests may have been due to generalization across the two
inhibitors during serial testing. Alternatively, this result
might suggest that responding evoked by a serially trained
excitor is more sensitive to inhibitory control, or uncon
ditioned disruptive effects, than is either an excitor from
a simultaneous discrimination or a CS that has received
simple excitatory training. Unfortunately, because sup
pression was not compared with that induced by a con
trol stimulus, it was not possible to assess the extent to
which the observed transfer resulted from inhibitory
training.

In a series ofexperiments, using conditioned suppres
sion, Lamarre and Holland (1987) examined the extent
of transfer by serially trained negative modulators across
a range of different targets. During serial tests, they
found strong transfer to a target trained in another serial
feature-negative discrimination, weaker transfer to a tar
get from a simultaneous discrimination, and little or no
transfer to a simple excitor, a partially reinforced exci
tor, and a stimulus that had undergone conditioning, ex
tinction, and reconditioning.

Holland (l989d) recently examined transfer of nega
tive modulation, using an appetitive observational prepa
ration with rats. The results of several experiments re
vealed that serially trained inhibitors show stronger
transfer to targets from other serial discriminations than
to targets that have received simple excitatory training
(see also Holland & Coldwell, 1993, and Morell & Hol
land, 1993, for additional support from a discrete-trial
operant procedure with rats). Furthermore, retraining a
serial inhibitor's target with a different appetitive US dis
rupts inhibitory control. Control by simultaneously
trained inhibitors, on the other hand, is less affected by
this manipulation. Interestingly, Holland found that se
rial inhibitors did transfer across USs if the subjects had
originally received concurrent training with a second se
rial feature-negative discrimination involving this new
US. Holland (I 989d) proposed that modulatory training
of the targets and USs placed them in a "higher order
memory system." He suggested that transfer across tar
gets and USs may occur only when both the target and
the US on which its excitation is based are represented in

this system.
In general, the results of these experiments suggest

that whereas simultaneous features appear capable of
suppressing responding to a range of excitors (but only
when tested simultaneously), the extent to which a seri-
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ally trained feature will influence responding depends on
the conditioning history of the target. The strongest con
trol is typically seen when serially trained features are
tested on targets from other serial discriminations. The
occasionally observed transfer to other targets may be
due to generalization or unconditioned disruption.

The importance of the target's training history to inhib
itory transfer is complicated by the difficulty in making
direct comparisons of serial and simultaneous inhibitors
under identical testing conditions. Although simultane
ously trained inhibitors often show quite strong transfer
across different targets, most experiments have provided
much weaker or no evidence of transfer by simultaneous
inhibitors when testing occurs serially (Detke, 1991;
Holland, 1984, 1989d; Holland & Lamarre, 1984;
Rescorla, 1989; but see Holland & Gory, 1986). Fur
thermore, although transfer by serially trained features is
seen when testing occurs either serially or simultane
ously, it is often confined to targets from serial discrim
inations (see, e.g., Lamarre & Holland, 1987; but see
Rescorla, 1985, 1989).

Several researchers have used the autoshaping prepa
ration with pigeons to examine transfer ofnegative mod
ulation to targets with various conditioning histories.
Negative modulators have been found to suppress re
sponding to targets that have received simple excitatory
training (Rescorla, 1989, 1991b); excitatory training and
partial extinction (e.g., Swartzentruber & Rescorla,
1994, described earlier); or training, extinction, and re
training (e.g., Rescorla, 1987, 1991a, 1991c). As with
positive modulation, negative modulators typically show
strong transfer to targets from other discriminations (e.g.,
Rescorla, 1985). And although Jenkins (1985) found little
initial transfer of inhibitory modulation to a simple excit
atory keylight target, inhibition to this target was acquired
very rapidly during subsequent inhibitory training.

It is difficult to summarize the results of the inhibitory
transfer experiments. As with positive modulation, the re
sults from experiments with rats, conducted, for example,
by Holland and his collaborators, have demonstrated that
the extent of transfer appears to depend on both the in
hibitory training procedures and the training history of
the transfer target (see also Wilson & Pearce, 1989, 1990,
described in more detail in the next section). Examina
tions of inhibitory control with pigeons, on the other
hand, have found that transfer depends less on the spe
cific temporal characteristics of the training and testing
procedures, but is influenced by the training history of

the transfer target.

Generalization

Although observed transfer appears to suggest that
modulatory action is not directed at a specific CS or
CS-US association, much of the evidence for transfer
could be explained through stimulus generalization re
sulting from the perceptual similarity of the original and
transfer targets. If the targets have each been trained in
similar discriminations, generalization could also occur
between their separate features. One way in which these
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possibilities have been effectively addressed can be
found in studies that examine the extent to which modu

lation will transfer across targets that differ in modality.

The assumption underlying this strategy is that general

ization is unlikely across such targets. Both rat (David

son & Rescorla, 1986; Holland, 1989a; Lamarre & Hol

land, 1987) and pigeon (Rescorla, 1985) preparations

have provided evidence that modulators trained with ei

ther visual or auditory targets will also control responding

to an appropriately trained target from the other modal

ity. These results suggest that transfer is probably not

based entirely on the perceptual similarity ofthe targets.

Recently, Pearce and his collaborators have suggested

that generalization may playa broader role in learning

than has traditionally been considered. Pearce (1987)

proposed a model of learning in which the entire stimu

lus complex present on a given trial is processed as a sin

gle configured stimulus. Excitatory conditioning con

sists of the formation of an association between this

compound stimulus and the US. Unlike traditional views

of compound conditioning, in which each element ac

quires an independent excitatory association, Pearce

suggests that only one association is formed. The extent to
which each element of the compound will subsequently

evoke a CR reflects generalization between the excit
atory compound and the element. In feature-positive

learning, AB+, B-, excitation conditioned to the AB

compound initially generalizes to B alone. As a result of

B's nonreinforcement, B eventually acquires inhibitory

strength that offsets the generalized excitation. Simi

larly, feature-negative learning, AB - ,B+, results in an

excitatory B stimulus and an AB compound with in

hibitory strength sufficient to offset generalized excitation

from B. Thus, in general, feature-positive and -negative

discriminations result in the learning of simple-discrim

inations between two similar but unique events.

In order to compare the separate views ofmodulatory

learning with the predictions ofthe Pearce (1987) model,

Wilsonand Pearce (1989, 1990) have examined discrim

ination learning, using an appetitive observational prep

aration with rats. In their procedure, a 2-min feature stim

ulus signaled whether or not embedded presentations of

a 10-sec target CS would be followed by food. For ex
ample, in one experiment (Wilson & Pearce, 1989), a tar

get CS, B, was reinforced when presented during A, but

nonreinforced during C. According to Pearce (1987), such

training would result in the AB compound acquiring ex

citatory strength, whereas the CB compound would be

come inhibitory. As the discrimination was learned, the

animals showed more frequent entries into the food mag

azine during the AB compound than during CB. In the

second phase, in addition to the AB+,CB- discrimina
tion, the animals were trained on a second, AD- ,CD+,

discrimination. Note that this discrimination precluded a

simple solution in terms ofA'spositive excitatory or mod

ulatory strength and/or C's negative strength. Neverthe

less, the results showed little disruption of the original

discrimination as the second discrimination was ac

quired. Solution of such a conditional discrimination can

only occur through a mechanism that involves learning
about specific compounds of stimuli.

However, in a second experiment, Wilson and Pearce

(1989) found that a feature from one feature-positive dis

crimination reliably enhanced responding to a target from

a second feature-positive discrimination. Although other

researchers had taken such transfer as evidence that the
features modulate responding independently ofCS iden

tity, Wilson and Pearce noted that transfer is consistent

with the possibility that subjects generalized across the

reinforced compounds experienced in training. Thus,

they suggested that transfer did not necessarily reflect

the existence of independent modulatory control.

In a subsequent series of experiments, Wilson and

Pearce (1990) investigated the generality of their transfer

results. Feature stimuli from both feature-positive and

feature-negative discriminations exerted strong control

over responding to targets from other similar discrimi

nations, but little or no transfer to CSs that had received

simple excitatory training or partial reinforcement.

Pearce's generalization account does not predict differ

ential transfer to targets that otherwise evoke similar

levels of responding. However, the results are consistent
with those of Lamarre and Holland (1987) and Rescorla

(e.g., 1985) in showing that the extent of transfer de

pended on the training history of the target.

Pearce and Wilson (1991) have recently conducted

another series of experiments in which they examined

the role that generalization plays in discrimination learn

ing. Using appetitive preparations with rats and pigeons,

they provided evidence consistent with Holland (1984)

and Rescorla (1985), that excitatory conditioning of a

conditioned inhibitor does not always abolish inhibitory

control. Inhibition was still revealed during simultaneous

compounds ofthe inhibitor and excitor, providing a pow

erful demonstration that inhibition was preserved.

Although Holland and Rescorla had taken their results

as evidence of inhibitory modulation, Pearce's (1987)

model ofstimulus generalization provides an alternative

account of this effect. As an animal learns an AB - ,B+

discrimination, B enters into an excitatory association

with the US, whereas the AB compound acquires in

hibitory strength to offset the generalized excitation from

B. During subsequent conditioning of A, A acquires an

excitatory association of its own. However, when the in

hibitory AB compound is presented again during the
final test phase, the extent to which AB now evokes ex

citatory responding depends only on AB's similarity to A

and B alone. The prediction is thus that A's excitation

will only partially mask AB's conditioned inhibition.
An explanation of this pattern of results from a mod

ulation perspective suggests that, during simultaneous

tests, A's influence over B must transcend its own re

sponse evocability. The analysis offered by Pearce and

his collaborators does not require this assumption. On

the other hand, according to Pearce's model, inhibitory
strength is possessed by the AB compound. Neither A

nor B is itself inhibitory. As a result, the model inher

ently predicts that inhibitory control by A is specific to



B. Excitatory conditioning of A should abolish A's abil
ity to inhibit targets other than B. Although there are
procedural differences, Rescorla (1991b) has recently
found that reinforced, compared with nonreinforced,
presentations of an inhibitor during training enhanced

transfer of inhibition. On the other hand, two experi

ments provide data on the effect of posttraining excit
atory conditioning on transfer of inhibition. Holland
(1989d), using the appetitive observational preparation
with rats, found that transfer of a simultaneously trained
inhibitor's control was abolished by excitatory condi
tioning. However, Holland (1991a), using a discrete-trial

instrumental procedure with rats (discussed in more de
tail later), found that excitatory training of a serially
trained inhibitor had little effect on inhibitory control of
the original excitor, but that transfer to a different target
was disrupted. The latter results are especially consistent
with the Pearce model, which predicts that AB- ,B+, A+

training would establish especially strong inhibition to
the AB compound, but that A itself would be excitatory
and therefore would not inhibit responding to an excit
atory transfer CS.

One potentially fruitful elaboration on Pearce's (1987)
model that has received some empirical support in the lit
erature is to assume that generalization between stimuli is

enhanced between stimuli with similar training histories.
Honey and Hall (1989), for example, found that rats will
be more likely to show more generalization of condi
tioned suppression between two stimuli that have had
similar appetitive conditioning histories than between
two stimuli that do not share a similar history. The exis

tence ofsuch an acquired equivalence mechanism can go
a long way toward explaining much ofthe transfer data in
terms that are consistent with a CS-specific account of
modulation. For example, although modulators might act
on specific CS-US relations, as originally hypothesized

by Holland (1983), transfer would be predicted to occur
to targets that share similar histories with the training
CS, such as those from other modulation discriminations.

In fact, as mentioned previously, such transfer is typically
quite strong regardless of the modulatory preparation.

In summary, although no single account of modula

tion has proved successful in predicting the entire pattern
of transfer results, the model proposed by Pearce (1987)
provides important insight into the role ofgeneralization
in learning. It can account in large part, but not com
pletely, for learning of the discriminations, indepen
dence of modulation from direct associations with the
US, and transfer test performance.

Action on the CR
The possibility that positive and negative modulators

act on a specific CR has received relatively little direct
attention. Most examples of transfer across target CSs
use targets that elicit the same CR. However, because
stimulus modality has been found to be an important de

terminant ofthe response (see, e.g., Holland, 1977), the
account can be addressed with data from the few studies
that examine transfer to stimuli from different modali-
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ties. In a feature-positive experiment reported by Res
corla (1985), for example, separate keylights were trained
as positive modulators for either another keylight or an
auditory target, each of which was otherwise nonrein
forced. Recall that excitatory keylights elicit keypeck
ing, whereas excitatory diffuse auditory stimuli elicit an

increase in general activity that is not expressed as di
rected pecking. An additional keylight, employed as a
control for modulation, was trained in the same relation
with the US as were the modulators, but it did not signal
reinforcement ofa target CS. Transfer was then assessed
on yet another trained and extinguished keylight. The re

sults showed that regardless of the modality ofthe orig
inal training target, both features greatly enhanced peck
ing at the transfer keylight. Importantly, although the
control keylight trained in a trace relation with the US
also elevated responding to the target somewhat, this el
evation was much weaker, suggesting that explicit mod

ulatory training was necessary for transfer. These results
suggest that the modulatory action is not specific to ei
ther the original target or its CR. Holland (1989a, de
scribed in detail in the next section) has provided data
consistent with this conclusion using the observational
preparation with rats.

Two experiments by Davidson et al. (1988), who used

rat subjects, provide further evidence against a specific
response as the locus of modulatory action. They inves
tigated the interchangeability of Pavlovian modulators
and stimuli trained as instrumental discriminative stim
uli (SOs). The results showed that a positive modulator
was capable of enhancing the rate of a barpressing re

sponse that had come under discriminative control, and
that an So reliably facilitated headjerk responding to the
target ofa Pavlovian modulator. Pseudomodulators were
used as controls in both experiments. As mentioned above,
such stimuli might not control adequately for the excit
atory associative strength acquired by the modulator and

So. However, it is worth noting that because the target re
sponses that are controlled in Pavlovian and instrumen
tal paradigms differ markedly, the results of these trans
fer experiments provide additional evidence against the
possibility that modulators act on a specific response.

Is Modulation CS Specific?

In spite of some mixed results from transfer experi
ments conducted in different laboratories and with dif
ferent procedures, most investigators have taken the
transfer data as sufficient evidence that the locus ofmod
ulation is not simply the CS alone or the CS-US associ
ation. However, the ability of a modulator to affect re
sponding to transfer CSs is seldom as strong as its

control over responding to the target used in training
(e.g., Morell & Holland, 1993), suggesting that some
degree of the modulatory action is due to an attribute of
the original modulator-target compound. Several possi
ble explanations have been proposed to account for in

complete transfer. These include the contribution of the
hierarchical mechanism suggested by Holland (e.g.,
1983, 1985), where modulatory action is on a specific
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CS-US association, and direct action on the CS, perhaps

through a configural process. The contribution of either

of these processes would reduce the extent of transfer

across different targets.

The possibility that the modulator and target stimulus

form a configured stimulus during training has been dis

cussed by several researchers. Most arguments, however,

are directed against the likelihood that configural cues

form the sole basis of modulation. No one argument is

adequate to discount configuring as at least a partial

contributor to modulation.

However, Ross and Holland (1981) and Holland (e.g.,

1983, 1986a; see also Arnold, Grahame, & Miller, 1991;

Holland & Lamarre, 1984) have argued that an A~B+,B

procedure in which A and B are temporally separated

should make the configuring of A and B less likely. Fur

thermore, a configural solution ofa feature-positive dis

crimination should become more difficult as the interval

between A and B increases. In fact, using a visual A stim

ulus and an auditory B, these authors have shown that ex

tending the A ~ B interval up to a point produces greater
differential headjerking to B, suggesting enhanced mod

ulation. However, because we do not yet have an adequate

understanding about the interactions between excitatory

visual and auditory stimuli, it is often difficult to com

pare the response magnitude and rate of discrimination

learning across procedures that use different temporal in

tervals. For example, although it is unclear what response

would be elicited by serial and simultaneous visual

auditory configures (but see Holland & Block, 1983, for

a possible "rear/headjerk" candidate), it seems plausible

that the insertion of an empty trace interval between the

two stimuli could affect the form ofthis response without

changing the nature of the learning mechanism.

In an effort to assess the role ofstimulus configuring in

modulation, Holland (1989a) has compared the acquisition

rates and extent ofmodulatory transfer when the A feature

and B target were from either the same or a different

modality. The major assumption underlying this strategy

was that any role for configural processes in discrimination

learning would be enhanced by the use of same-modality

stimuli. The designs of the experiments were elaborate. In

addition to manipulating modality, Holland examined the

effect that presentations of A alone (patterning) would

have on either serial (Experiment 1) or simultaneous (Ex

periment 2) discrimination learning and transfer. In order

to test transfer, rats from each ofthe eight conditions were

given concurrent training on two separate discriminations.

Transfer across similarly trained targets would be more

likely if a modulatory mechanism was being used than if

the discriminations involved configurallearning.

This design made several assumptions about occasion

setting, configuring, and the involvement ofunique cues,

which are stimuli hypothesized to exist only during the

compound presentation of other stimuli (see Rescorla,

1973). First, stimuli from the same modality should be

more readily configured than stimuli from different

modalities. Second, modulatory learning should be fa

vored by a serial presentation ofthe stimuli on reinforced

compound trials, whereas configural learning would be

encouraged by simultaneous training. Thus, transfer

should be more likely following serial learning. Third,

the strength of unique cues should be strongest when

training involves positive patterning, AB+, A-, B-, as

opposed to feature-positive, AB+, B-, training.

The results indicated that modality, temporal param

eters, and presentations of the A feature alone interacted

in various interesting ways. Most importantly, when

training involved a serial procedure, the use of same

modality stimuli generally interfered with the rate of

learning. If a configural strategy had been used to solve

the discrimination, one might have expected better learn

ing under this condition. In addition, although presenta

tions of the feature alone did not affect the rate ofacqui

sition' patterning improved transfer to the target from the

alternate discrimination. This result is consistent with

data from Holland (l989b) and with Holland's (e.g.,

1983, 1989b) suggestion that occasion setting is pro

moted by conditions that encourage a parsing ofthe stim

uli on compound trials.

On the other hand, a simultaneous compound proce

dure produced a different pattern of results. First, the

patterning discrimination was solved more slowly than

the feature-positive discrimination. This result would be

anticipated to the extent that simultaneous feature-posi

tive discriminations are solved through simple excitatory

feature-US associations. Since both stimuli are treated

equivalently in the patterning procedure, a solution that

involves simple excitation by either stimulus alone is

precluded. Second, with AB+, A-,B - patterning train

ing, the use of stimuli from the same modality for the

feature and target enhanced the rate of learning. This

was not the case with AB+, A - feature-positive training.

Given the assumption that configuring is encouraged

with same-modality compounds, this result suggests that

simultaneous patterning was solved through a configural

mechanism.

Although complex, the results from these two experi

ments generally support Holland's early contention that

the mechanism used in the solution of feature-positive

and patterning discriminations depends largely on the

procedures used during training. Most importantly, evi

dence ofmodulation was strongest under conditions that

discouraged the use ofconfigural cues. However, neither

a simple associative nor a configural or unique cue per

spective could account adequately for the overall pattern

of results.

In general, given the abundant evidence of transfer

within and across modality and response form, there is

little support for the possibility that modulation is based

entirely on a CS-specific mechanism. However, the in

complete transfer observed in most studies, as well as

the finding that modality does affect the nature of the

mechanism, should be taken as strong evidence favoring

the contribution of some CS-specific process. Other ev

idence has been obtained in two recent investigations by

Rescorla (1991 a, 1991c), in which the extent of transfer

across target CSs was used to assess the role of the orig-



inal target CS. In one set of studies, Rescorla (1991 c) ex

amined the extent to which transfer is affected by post
training manipulations of the original target CS-US as

sociations. With positive, AB+, B-, and negative,

AB -, B+, modulation procedures, Rescorla found that
manipulations ofthe original B-US associations changed

the extent to which A controlled responding in a trans

fer test. These results suggested that part of A's action on

the transfer target was mediated by the associative char
acter ofB.

Another set ofstudies (Rescorla, 1991a; see also Morell

& Holland, 1993) assessed the importance of the origi

nal target identity by examining how modulators that

had been trained with either the same or different targets

would combine when tested on a common transfer tar

get. If part of the modulatory effect on a transfer target

is based on the original training target identity, the extent
to which combinations ofmodulators control responding

on a transfer test should depend on whether or not the

modulators shared a common target during training. In

deed, modulators with a common training target com

bined to produce stronger transfer than did modulators

that had been trained with different targets. The results

of both of these sets of studies provide support for the

contribution of a CS-specific modulatory process.

Are the Positive and Negative Modulatory

Roles Mutually Exclusive?

Although certain observations imply a partial role for

the original target in modulation, the extent to which

modulation is independent ofthe CS may reflect the mod

ulator's ability to act directly on some feature of the US.

Rescorla (e.g., 1985, 1987) has frequently advocated this

position and has further suggested that positive and neg

ative modulators may have functionally opposite effects
on the US. This view stems naturally from the procedural

parallels involved in feature-negative, AB- ,B+, and fea

ture-positive, AB+,B-, training paradigms. In both pro

cedures, reinforcement of B depends on the presence of

A. Appropriate responding to B may thus result from A's

impact on the US representation evoked by B.

The view that positive and negative modulation are

functionally opposing processes is encouraged by Rescor

la's (1987) observation that positive and negative modula

tors have opposite effects on responding to a single target.

Evidence for an opposing function also comes from an ex

periment that directly examined the impact of a positive

modulator on a target that had a known inhibitory com

ponent. Rescorla (1987; but see Holland, 1986b) found
that a positive modulator, but not an excitor, enhanced re

sponding to the "AB" compound from an AB -, B+

Pavlovian conditioned inhibition discrimination. The

modulator did not enhance responding to a compound of

two "neutral" stimuli. Thus, the positive modulator ap

peared to reduce the control exerted by the inhibitor.

Another technique that has been used to assess the op

positional nature of positive and negative modulatory

learning has been to examine variables that might affect

acquisition, extinction, or expression of the modulation.
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For example, if positive and negative modulators are to

be characterized as stimuli that change the threshold for
activation of the US representation in opposite direc

tions, one might expect the two processes to show mu
tual interference in both learning and performance. Sev

eral experiments have explored the notion that positive

and negative modulators possess opposite functional
roles by examining the effect that training one type of

modulation has on the acquisition or expression of the

other modulatory property.

Pretraining and Posttraining Manipulations

Rescorla (1986a) used the pigeon autoshaping prepa
ration to examine the effect of various post training pro

cedures on positive modulation. In several experiments,

he first trained two diffuse stimuli to modulate respond

ing to each of two keylight targets. Then he repeatedly

presented a nonreinforced compound of one of the mod

ulators and either a simple excitor or an original target key

light. In comparison with the untreated diffuse stimulus,

both of these manipulations disrupted the diffuse stimu

lus' modulatory ability. As mentioned previously, how

ever, nonreinforcement of the diffuse stimulus in the ab

sence of an excitatory target had no such decremental

effect. To the extent that nonreinforcement of an excit

atory keylight in the presence of a diffuse stimulus is a

procedure that might otherwise produce negative modu

latory control, these results further suggest that positive
and negative modulation oppose one another.

Rescorla (1987) has also examined the effect of pre

training positive modulation on the acquisition of nega

tive modulation. In one experiment, he trained one dif

fuse stimulus as a positive modulator and another as an

excitor and then trained them in compound as an inhib

itor. He found that only the excitor acquired inhibitory

control as a result of such training, suggesting that pos

itive modulatory training retarded the acquisition of in

hibition. Two additional experiments examined the ef

fects of positive modulation or excitatory posttraining

on established inhibitory control. He found that positive

modulation disrupted inhibitory control to a greater de
gree than did excitatory training. These results are a per

suasive demonstration that positive modulation may be

closer to being an opposite of inhibition than is excita

tion. However, Rescorla's (1991b) recent observation that

excitatory training can actually enhance the develop

ment of inhibition suggests that the differential effects that

excitation and positive modulation have on inhibition may

result from the augmenting effects of excitation rather
than from the interfering effects of positive modulation.

In any case, the results of these studies are consistent

with the possibility that positive and negative modulators

are opposites. They have opposing functions in the control

of responding to target stimuli; the disruption ofpositive

modulatory strength is accomplished best by procedures
that are thought to encourage negative modulation; and

when compared with excitatory training, modulatory

training both slows the acquisition of and disrupts al

ready established negative modulation.
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Manipulations During Training

Although positive and negative modulation thus ap
pear to have functionally opposite roles, note that the
mutual interference seen in the function of positive and
negative modulators does not require that the positive
and negative modulatory functions are mutually exclu
sive. Several researchers have provided data suggesting
that one stimulus might concurrently possess both posi
tive and negative modulatory properties. Such evidence
has been obtained by using a procedure in which a stim
ulus is trained concurrently as both a positive and a neg
ative modulator for different target stimuli. It should be
clear that a US threshold-shifting interpretation ofposi
tive and negative modulation would be hard pressed to
explain the solution of such a discrimination solely in
terms of modulation.

To investigate acquisition of this "ambiguous cue"
role for modulators, Holland and his collaborators (Hol
land, 1991b; Holland & Reeve, 1991; see also Wilson &

Pearce, 1989) have used a preparation involving a dis
crete trial barpressing procedure with rats, in which, on
positive trials, leverpressing during a 5-sec target stim
ulus was reinforced with sucrose; on negative trials, lever
presses during presentation of the target were nonre
warded. A modulatory stimulus, A, acted as a positive
feature for one stimulus, A~B+,B-, and concurrently
as a negative feature for another, A~C-,C+. As with

Holland's appetitive observational procedure, compound
trials involved a 5-sec presentation of A, followed after
a 5-sec empty interval by the 5-sec target, B or C. (See

Holland, 1991a, for a demonstration ofboth positive and
negative occasion setting with this procedure.)

In one set of experiments, Holland and Reeve (1991)
compared the rate of acquisition of ambiguous discrim
ination learning with that found in positive or negative
patterning discriminations. The results showed that ac

quisition of modulation by the ambiguous modulator on
both positive and negative trials was as fast as that ac
quired by the analogous modulator that was trained as ei
ther a positive or a negative modulator alone. This sug
gests that the concurrent positive and negative training
do not show mutual interference.

To investigate the nature of the modulation acquired
by the ambiguous cue, transfer to a target stimulus was
examined while the stimulus was undergoing excitatory
training and extinction. Although Holland and his col
laborators had not previously observed transfer to an ex
tinguished stimulus with the observational preparation
with rats (e.g., Holland, 1986b), transfer ofpositive mod
ulation has been observed with this discrete-trial prepa
ration (Holland, 1991a). Indeed, with the present ambigu
ous training, the modulator enhanced responding to a CS
that was currently undergoing extinction. However, the
modulator did not affect responding during excitatory
acquisition. This observation might suggest that posi
tive modulation generalizes more broadly than does neg
ative modulation. In any case, although the separate con
tributions ofpositive and negative modulatory control to
transfer might oppose one another and would thus be dif-

ficult to assess, the observation of transfer suggests that
control by the ambiguous modulator is to some extent in
dependent ofthe original target CSs.

The authors noted that there are several alternative
processes through which the ambiguous discrimination
could be solved. For example, both tasks could be solved
through configuring. Alternatively, the ambiguous fea
ture could signal nonreinforcement ofone target through
a negative modulatory mechanism, but form a unique con
figuration with the other target on reinforced compound
trials. Conversely, positive modulation of responding
during one target could coexist with the formation of a
nonreinforced configuration with the other.

Another set of experiments (Holland, 1991b) ad
dressed these possibilities by examining transfer ofboth
positive and negative modulation to various targets fol
lowing ambiguous training. All rats received ambiguous
cue training; then, separate groups each received further
training on various other discriminations, including train
ing ofa second ambiguous cue, feature-positive training,
feature-negative training, or a "pseudo-discrimination"
in which a cue was uninformative about reinforcement of
the response. Results of the transfer tests revealed that
the ambiguous cue modulated responding to the various
targets in a manner consistent with the targets' training
histories. The cue enhanced responding to the two tar
gets that had been nonreinforced when presented alone,
and it suppressed responding to the two targets that had
been reinforced when presented alone. Likewise, the tar
gets of the ambiguous cue were also modulated appro
priately by the feature-positive and feature-negative
modulators. In general, the observation of transfer sug
gested that solution of the discriminations was not en
tirely configural. Furthermore, appropriate responding
to the targets appeared to depend on a specific property
of the cues that was acquired during training.

Although the results of these transfer tests suggested
that the ambiguous cue had both positive and negative
modulatory properties, it is also possible that modulation
of the targets was not entirely due to the training re
ceived by the cue. Wilson and Pearce (1989), for exam
ple, trained separate feature-positive and feature-negative
discriminations, using an appetitive procedure with rats,
and found that a novel cue modulated responding to the
targets in the same manner as did the original features.
Such generalization between the cues could account for
Holland's transfer data as well. In a subsequent experi
ment, however, Holland (1991b) did not find ambiguous
modulatory control by a simple excitatory stimulus, thus
making it less likely that transfer had occurred entirely
through generalization. Takentogether, the results ofthese
experiments suggest that not only are positive and nega
tive modulation independent ofsimple associations with
the US, under some circumstances, they may also be in
dependent ofone another.

The ambiguous cue experiments highlight an interest
ing issue that has received relatively little systematic in
vestigation. The recent view espoused by Holland and
his collaborators is that targets that have participated in



positive or negative modulatory discriminations will be

sensitive to control by positive or negative modulators
other than that with which they were trained. However,

an important feature of this view is that control is spe

cific to the type of training experienced by the targets.
For example, responding to targets of positive modula

tors will be enhanced by other positive modulators, but

will not be suppressed by negative modulators. Although

this assumption is perhaps difficult to test, it may pro
vide some insight into the important properties of targets

that allow them to come under modulatory control. Hol

land's recent observation that positive modulators (Hol

land, 1991a) and ambiguous cue modulators (Holland &

Reeve, 1991) enhance responding to extinguished exci
tors encourages the view advocated by other researchers

that sensitivity to control may be influenced by factors

other than prior modulatory training. For example, Res

coria (e.g., 1988) has suggested that extinguished stimuli

and targets of positive modulators may both possess an

inhibitory component that is sensitive to positive modu
latory control.

Although the ambiguous cue results appear to contra

dict the suggestion that positive and negative modulation
functionally oppose one another, it is important to bear

in mind that in some situations control by positive and
negative modulators is less specific to the targets on

which they act. Mutual interference would be more likely

under conditions that encourage transfer. Furthermore, it

is conceivable that concurrent training establishes stronger

CS specificity of both positive and negative control. It

would be valuable to examine the generality of these

findings across preparations such as autoshaping, where

the specificity of control to the original targets is not as

strong.

Summary ofthe Different Modulatory Views

It is important to emphasize that the general pattern of

results supports the contribution of several different

mechanisms to modulatory control. The possibility that

modulators act on the US, perhaps by changing the

threshold for activation of the US representation (e.g.,

Rescorla, 1985), is supported in large part by the results

oftransfer experiments. The further observation that the
extent of modulatory transfer depends on the target's

training history suggests that modulators come to act on

some attribute of the US representation to which only

certain target stimuli are sensitive. It is also likely, how

ever, that generalization across targets or modulators

contributes importantly to many instances of transfer.
The model proposed by Pearce (1987) provides consid

erable insight into the potential role of generalization in

modulation. The likelihood that the identity of the orig

inal training CS is encoded during modulation training

is further supported by incomplete transfer across tar
gets, and by the results of Rescorla's (1991a, 1991c) re

cent experiments demonstrating that transfer is medi

ated in part by the identity and current associative value

of the training target CS. Moreover, a further elaboration
of Pearce's (1987) model that provides for generalization
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based on the training history ofthe stimuli could explain
a substantial number of transfer findings that cannot be

readily explained through generalization between the

perceptual features of the stimuli alone. Although spec
ulative, such an account would support Holland's (1983)

early CS-specific view of modulation, while allowing

transfer under some circumstances. What remains to be
discovered, however, are the types ofconditioning treat

ments that would enhance generalization between per

ceptually dissimilar stimuli.

Finally, the recent research from Holland's laboratory
investigating the nature of ambiguous cue learning sug

gests that modulatory functions can arise under condi

tions that discourage the use ofa more general US-based

mechanism or strategy. This research is likely to provide

important information about the associative structure of

the targets involved in modulation and transfer.

WHEN DOES MODULATION OCCUR?

One of the most important issues to be addressed con

cerns the conditions that are necessary for a stimulus to

acquire a modulatory function.

The Importance ofthe Modulator-Target Interval

Positive Modulation

Much ofthe early research on both positive and nega

tive modulation from Holland's laboratory emphasized

the importance of serial A~B, as opposed to simulta

neous, AB, compound presentations in establishing a

modulatory capacity for A. For example, examining pos

itive modulation with the behavioral observation tech

nique, Holland (1986a, see also Ross & Holland, 1981)

systematically varied the durations of the light A and
tone B, and the relationship of the light's termination to

the onset of B. Positive modulation, defined as greater

headjerk responding to the tone in compound with the

light than to the tone alone, was generally strongest with

longer light durations. Furthermore, modulation was

strengthened by the insertion of an empty trace interval

between the termination of the light and onset of the

tone. Because excitation to the light feature would be ex

pected to decline as the interval between the light's ter
mination and the US increases, these results provided

support for the independence of modulation and excita

tion and set the stage for an examination ofa modulatory

mechanism independent from excitation.
Although several sets of findings discussed above

have supported an important role for temporal param

eters in positive modulation, Holland (1989c) has re
cently examined the effects of manipulating the relative

salience of the feature and target CS on solution of a si

multaneous, AB+,B-, feature-positive discrimination.

When B was sufficiently salient so as to acquire excita
tion, this excitatory responding was modulated by A.

Modulation was thus demonstrated with a simultaneous

procedure. Subsequent presentations of A alone did not

disrupt modulation, suggesting that the modulation did

not depend on A's excitatory strength. Furthermore, con-



138 SWARTZENTRUBER

trary to the findings of Rescorla (1986b), conditioning

excitation to B prior to discrimination training did not
promote a modulatory role for A. Thus, although the

early work indicated the importance of A4B temporal

asynchrony, these results encourage the possibility that
serial arrangements may have an impact by providing a

differential level of salience to the feature and target.

Looney and Griffin (1978) have also obtained results

suggesting that the AB temporal relationship can affect
the learning of a feature-positive discrimination. Using

pigeons in an autoshaping preparation, they found that a

simultaneous AB+,B- discrimination was solved more

slowly than a serial A4B+,B- discrimination when A

was a tone and B was a keylight. Although they did not

investigate a possible modulatory role for the tone, the

results are consistent with the possibility that the tone
blocked learning about the keylight during simultaneous

compound training. Serial training may have attenuated

excitatory conditioning of the tone feature.

Thus, some evidence suggests that serial procedures

may encourage modulation by allowing the target to ac

quire the necessary excitatory association with the US.

However, it also seems likely that serial training, and
perhaps differential salience ofthe modulator and target,

may also encourage a "perceptual discontinuity" be

tween the feature and target (e.g., Holland, 1986a), re

ducing the potential for perceiving the stimuli as a sin

gle configured stimulus.

Negative Modulation

The importance of the temporal procedures to the na

ture of inhibitory learning is an issue that has received

considerable attention. Holland and his collaborators

(e.g., Holland, 1984; Holland & Gory, 1986; Holland &

Lamarre, 1984) have found several instances in which

serially and simultaneously trained inhibitors have dif

ferent properties. They suggest that with simultaneous

AB -, B+ procedures, A's inhibitory control may be

based on direct inhibitory associations with the US, op

posite to those acquired during excitatory training. With

serial compounds, A controls hierarchically by suppress

ing the activation ofthe B-US association. Rescorla (e.g.,

1979, 1985, 1989), on the other hand, has espoused the

view that, regardless ofthe temporal procedures, inhibitors

may act on the US by raising its activation threshold.

The distinction between simple associative inhibitory

mechanisms and modulatory inhibitory mechanisms ap

pears to rely heavily on the traditional assumption that

an inhibitory CS cannot otherwise be excitatory. All stim

uli must lie somewhere on the continuum of associative

strength. The finding that inhibitory control can coexist

with excitation encouraged the view that some types of

inhibitory control must involve a fundamentally differ

ent mechanism. In fact, recent data from several differ

ent preparations suggest that it is common for excitatory

associations to mask the full extent of inhibitory control.

In situations where the inhibitor's excitatory CR interacts

with that evoked by the target used for inhibitory assess

ment, the magnitude of underlying inhibition can be un-

derestimated (Cunningham, 1981; DeVito & Fowler,

1987; Holland, 1984; Rescorla, 1982b, Williams &
Overmier, 1988). Under some conditions, the expression

of coexisting excitation or inhibition may depend on the

method used to assess these properties (e.g., Matzel,
Gladstein, & Miller, 1988; Tait & Saladin, 1986).

Williams, Overmier, and LoLordo (1992) present an ex

cellent summary and elaboration of these issues. In gen
eral, results like these suggest that the traditional concep

tion of inhibition and excitation as mutually exclusive

properties is probably an oversimplification. If inhibi

tion and excitation can coexist, it becomes worthwhile to

question altogether whether they should be character

ized as involving the same mechanism.
Holland's suggestion that simultaneous and serial

feature-negative procedures produce different types of

inhibitory control is based on the results of several ma

nipulations. First, Holland (1984) found that simulta

neous, but not serially trained, inhibitory control is dis

rupted by excitation when testing is conducted with the

temporal parameters used in training. Although these

data are the most substantial, bear in mind the impor
tance of testing differently trained stimuli with identical

testing procedures. The most convincing data must come

from studies in which both types of inhibitors are tested

either serially or simultaneously. Although the inhibitor's

excitatory CR would be expected to interfere with the

expression of inhibition during simultaneous tests, HoI

land (1984), using conditioned suppression with rats,

and Holland (1991a), using the operant discrete-trial bar

pressing preparation with rats, provide data with simul

taneous tests in which a serially trained inhibitor re

tained some of its inhibitory control following excitatory

conditioning, whereas a simultaneously trained inhibitor's

control was disrupted. These data support the contention

that simultaneously trained inhibition is not compatible

with excitation.

With serial tests, excitatory CRs should occur prior to

presentation of the target and might therefore be less

likely to interfere with inhibitory control. Serially tested

control by serially trained inhibitors is not disrupted by

the presence of excitatory CRs (Holland, 1984). Unfor

tunately, as mentioned previously, inhibition by simulta

neously trained inhibitors is often considerably reduced
if not eliminated with serial testing (Detke, 1991; Hol

land, 1984, 1989d; Holland & Lamarre, 1984; Rescorla,

1989; but see Holland & Gory, 1986). Although the rea

son for this loss is unclear, it reduces the effectiveness of

serial tests for examining the influence of excitation on
simultaneously trained inhibitors.

A second method for examining the effect of excita
tion on underlying inhibition is to reassess inhibitory

control after extinguishing any excitatory CRs. A tradi

tional associative account of inhibition would predict

that excitatory training ofan inhibitor should abolish the

inhibition; extinction of this excitation should leave the
stimulus associatively neutral. Holland (1984; see also

Rescorla, 1985) used this technique to examine the effect

of excitatory conditioning on a simultaneously trained



inhibitor. Importantly, he observed that even though si

multaneously trained inhibition was disrupted by excit

atory training, subsequent extinction of the excitatory
CR exposed the presence of underlying inhibition. Thus,

with circumstances under which inhibitory control is re

moved by excitation, the underlying inhibition can re

main intact. These data are somewhat troubling for Hol

land's contention that simultaneously trained inhibition
is lost following excitatory training.

A third line ofevidence suggesting multiple inhibitory

processes is that simultaneously but not serially trained
inhibitors show retarded rates ofexcitatory conditioning

(e.g., Holland, 1984; Holland, 1989d). However, one

should bear in mind that serial inhibitors often possess

considerable second-order excitation during inhibitory

training (e.g., Holland, 1984; Holland & Lamarre, 1984;
Rescorla, 1982b). Thus, the faster rate ofconditioning in

these groups may reflect a savings ofexcitatory response

strength.

The fourth major dissociation comes from the effects
of nonreinforced exposure on inhibition. Holland and

Gory (1986) found that a serially trained inhibitor will

show weaker inhibitory control if presented alone fol

lowing inhibitory training. Extinction of simultaneously

trained inhibitors, on the other hand, has sometimes been
found to result in enhanced inhibitory control (e.g., De

Vito & Fowler, 1987; Holland & Gory, 1986; Williams &

Overmier, 1988; Williams, Travis, & Overmier, 1986).

Although the existing accounts ofmodulation do not pre

dict extinction of serially trained inhibition per se, the ob

servation further suggests that different procedures pro
duce different types of inhibitors.

Although fundamentally different mechanisms might

underlie the difference between simultaneous and serial

inhibitors, the evidence is also consistent with the possi

bility that the two training procedures produce inhibitors

that use a similar mechanism but that have different as

sociative structures. Although simultaneous training and
testing typically results in stronger inhibitory control, se

rially trained stimuli acquire stronger within-compound

and second-order associations. Holland and Gory (1986)

suggested the possibility that these excitatory CRs may

play an inhibitory cuing role. If excitation plays an in

hibitory role with serially trained inhibitors, further ex
citatory conditioning would not be expected to disrupt

inhibition, excitatory conditioning of the inhibitor should

be rapid, and extinction of the inhibitor's excitation should

disrupt inhibition. Thus, such a possibility could go a long

way toward explaining some of the differences between

serially and simultaneously trained inhibitors. However,
note that extinction of simultaneously trained inhibitors

can sometimes enhance inhibition. Thus, a complete pic
ture might require one to assume that excitation acquired

during simultaneous training interferes with the expres

sion of inhibition, whereas excitation acquired serially is

an important part of the inhibitory complex.

Whereas many experiments have been focused on the

differences in the underlying inhibitory mechanisms,

PAVLOVIAN MODULATION 139

Rescorla (1989) has suggested that it is also important to

consider the degree to which the different training pro
cedures establish different magnitudes of inhibitory con

trol. The strength of inhibitory control may be largely

determined by the treatment received by the excitatory
target used for inhibitory training. In simultaneous train

ing, the target is reinforced whenever it is presented alone,

and it is nonreinforced only during simultaneous com
pounds with the feature. In serial training, however, the

target is presented alone on both reinforced and nonre

inforced trials. This distinction may make the target dif
ferentially effective in establishing inhibition. In order to

compare the inhibitory control acquired through serial

and simultaneous procedures, Rescorla argued that the

target of the two inhibitors should be otherwise treated
identically. In two autoshaping experiments, he com

pared the strength of serially and simultaneously trained

inhibition when both training and testing involved a

common excitatory target, and when testing involved

common temporal procedures. The results revealed that
although inhibitory control was weaker with serial com

pounds during both training and testing, the magnitude

of inhibition under common testing conditions did not

depend on the temporal procedures involved in training.

Because the target's treatment was held constant, this

experiment suggests that at least part of the distinction
observed between simultaneous and serial training may

be due to the effectiveness of the target in establishing

inhibition. On the other hand, the effect of training dif

ferent types of inhibitors with a common target has re

ceived very little systematic investigation. It is therefore

important to recognize that Rescorla's (I989) use of a

common target for both simultaneous and serial training

may have affected the nature of the inhibitory learning
that occurred, perhaps through increased generalization

across the inhibitors (see also Detke, 1991).

In general, there are a number of situations in which

serial and simultaneously trained inhibitors show differ

ent properties and are differentially affected by various

manipulations. However, a difference in the inhibitory
function of a stimulus following different training pro

cedures does not necessarily imply that there is a differ

ence in the basic learning mechanisms. Rather, the func

tional differences may result from differences in the role
that excitation plays and in the magnitudes of inhibitory

control. Inhibitory control may involve a process that is

relatively independent of excitation regardless of the in

hibitory training procedures.

Informational Value

Most researchers share the view that a necessary con

dition for modulation is that the modulator provide infor
mation about target reinforcement. This could be inferred

from the fact that almost all of the recent research on

Pavlovian modulation has employed discrimination par

adigms-feature-positive, feature-negative, patterning,

or conditional discrimination. With each procedure, the

stimuli are at least theoretically capable of providing in-
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formation about reinforcement of the other stimulus. This

viewpoint is perhaps best exemplified by the use of the
pseudofacilitator, or AB+,B+, treatment as a control for

positive modulation acquired through AB+,B- discrim

ination training (see, e.g., Davidson et al., 1988; David

son & Rescorla, 1986; Holland, 1986b; Rescorla, 1985;

Wilson & Pearce, 1989). Although the pseudofacilitator

may not control accurately for the modulator's excitation

or for the associative status of the modulator's target, the

pseudo facilitator and modulator are paired an equal num

ber oftimes with a target and with the US. Only the mod

ulator provides information about target reinforcement.

Provided that the role of excitation is convincingly ruled

out through other experiments or procedures, the consis

tent observation that the pseudofacilitator does not ac

quire a modulatory ability suggests that modulation de

pends on the information provided by the feature.

Several researchers have addressed the importance of

the informational value of modulators by examining

whether modulators follow the same rules of competi

tion that are thought to exist between Pavlovian excit

atory stimuli. For example, the popular conception of

simple associative learning is that excitation is acquired

to the extent that a stimulus provides information about

the occurrence of the US (e.g., Rescorla & Wagner,

1972). Bonardi (1991; see also LoLordo & Ross, 1987,

and Ross & LoLordo, 1986; but see LoLordo & Ross,

1990) has recently provided some evidence that a pre

trained positive modulator will "block" the acquisition

of the ability to modulate by another stimulus that pro

vides no new information about target reinforcement.

The experiments involved a modulation training proce

dure in which a 5-sec auditory stimulus (B) was rein

forced with food when presented during a 3-min visual

or auditory feature stimulus (A). When B was presented

alone, it was nonreinforced. A control group received B

and food quasirandomly during A. In the blocking phase,

both groups received the modulatory training, but the

modulator was now a simultaneous compound of the

original A stimulus and an added auditory or visual e
stimulus. A test session then assessed the ability of'C alone
to enhance responding to B. Results showed that pre

training with A produced nearly complete blocking of

the acquisition of modulation by e in the experimental

group, whereas the control group showed strong modu

lation by C. Bonardi found similar results in a second ex

periment that used a within-subjects design.
The observation ofblocking further suggests that mod

ulatory acquisition depends on the degree to which the

to-be-trained modulator provides information about the

reinforcement of the target. If target reinforcement is al

ready signaled by one modulator, the added signal will
be informationally redundant and thus will not acquire

the modulatory ability.

Positive Modulation Based on Inhibition

In the casual account of modulatory acquisition, the

modulator plays an active role in solution of a discrimi-

nation by providing information about target reinforce

ment. Rescorla (1988) has suggested an alternative ac

count in which the feature acquires modulatory properties

in a more passive manner. The view is based in part on
the evidence that positive and negative modulation may

be opposite processes. The observations that positive mod

ulation training disrupts inhibitory control (Rescorla,

1987) and vice versa (Rescorla, 1986a), and the finding

that positive modulators act best on targets that may be

thought to have some inhibitory component, such as ex

tinguished stimuli, might suggest that positive modula

tors act by reversing the effects of inhibition.

If positive modulation opposes inhibition, Rescorla

(1988) reasoned, modulation might be acquired best
when a target with an inhibitory component undergoes

reinforcement. In two experiments, he pretrained key

lights that would later be used as targets. One was trained

as a conditioned inhibitor of another keylight; the other

was presented alone. Twodiffuse stimuli were then trained

as positive modulators for one of the two pretrained tar

gets. When modulation was tested on the excitor from

the original inhibition pretraining, the modulator whose

target was originally inhibitory was more effective than

the stimulus whose target had been preexposed. In a third

experiment, Rescorla used targets that had been pre

trained as either the inhibitor or the excitor from a Pav

lovian conditioned inhibition procedure. Again, positive

modulation was stronger with the modulator whose tar

get was inhibitory. Rescorla suggested that these results

are consistent with the view that positive modulation is

acquired when an inhibitory stimulus is reinforced.

The possibility that positive modulation depends on

the reinforcement of a stimulus with an inhibitory com

ponent further suggests that positive modulation repre

sents an acquired ability to suppress an ongoing inhib
itory process. This view is consistent with the observation

that positive modulatory control depends critically on
the training history of the target. By suppressing inhibi

tion, positive modulators may expose the target's under

lying excitation. Although these ideas are still somewhat
speculative, this experiment is an important step in our

understanding of the conditions under which modula

tion is acquired.

CONCLUSION

The recent interest in Pavlovian modulation has been

stimulated in large part by evidence that is not easily ex
plained through a system that consists solely of simple

associations. Pavlovian learning appears to involve a

mechanism whereby the evocation of Cks can depend,
not on the es-us association alone, but on additional

stimuli that modulate the expression of the association.

In an effort to better understand the role that modula
tion plays in learning, investigators have examined the

properties of modulators, the interaction of positive and

negative modulators, and the relationship between the

modulatory function and the simple associative func-



tion. Little has yet been said, however, about the possi
ble functions of modulatory control in learning. One
speculation is that the modulatory mechanism allows
the animal to retain a representation of CS reinforce
ment despite episodes of extinction. Situations such as
this, where stimulus-reinforcer contingencies are not
consistent, might encourage the animal to make use of
other stimuli to resolve the ambiguity (see Bouton,
1991). On the one hand, popular associative theories
suggest that associative strength is acquired by the best
predictor of reinforcement. For example, any excitation
that is initially acquired by the target stimulus B of an
AB+,B- discrimination would decrease as A became
more excitatory. However, in a modulatory account em
phasizing the retention ofa CS's training history, B's ex
citation would remain intact. As a result of training, re
sponding to B becomes dependent on the presence of A.
The animal thus retains the reinforced representation ofB
and uses information provided by A as a signal for its ac
tivation.

Such an account obviously involves a more complex
structure than is required by traditional associative mod
els. However, a modulatory mechanism allows the ani
mal to retain a more complete account of its training ex
perience than is afforded by simple associations alone.

The observation that modulators control the expres
sion ofCS-US associations relatively independently from
their own US associations is consistent with similar find
ings from investigations of the role ofcontextual or back
ground stimuli in learning. The results ofseveral series of
experiments using both aversive and appetitive prepara
tions with rats have revealed a number of similarities be
tween Pavlovian modulators and contexts (e.g., Bouton &

Swartzentruber, 1986; Grahame, Hallam, Geier, &

Miller, 1990; Swartzentruber, 1991, 1993; Swartzentru
ber & Bouton, 1988). Bouton and Swartzentruber (1986),
for example, used a conditioned suppression preparation
with rats to examine parallels between contextual control
ofresponding to CSs and modulatory control by punctate

stimuli. Our contexts differed from each other in their vi
sual features, the odors present, the grid floors, and shape
of the lever used for operant responding. In several ex
periments, we trained contextual discriminations in
which a tone CS was paired with shock during sessions in
Context A and nonreinforced during sessions in
Context B. Within several two-session cycles, freezing
was much stronger during the tone in A than in B. We
then conducted tests to assess the associative properties
of the contexts. Compared with control groups that re
ceived equal exposure to the contexts but that lacked con
text discrimination training, neither Context A nor Con
text B showed any reliable evidence of excitatory or
inhibitory associations with the US, and nonreinforced
exposure to Context A did not reduce the extent of con
textual control. Thus, as with modulation by punctate
cues, the contexts controlled responding to the CSs in a
manner that appeared to be independent ofdirect US as

sociations.
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More recently, I have used Holland's observational
procedures with rats to examine blocking of modulatory
control between contexts and traditional modulators
(Swartzentruber, 1991). In the first phase of one exper
iment, I trained a serial feature-positive discrimination,
L ~ T + , T - , in which a light, L, was trained as a signal
for reinforcement of a tone, 1. Presentations of T alone
were nonreinforced. In the second phase, the L~T+
compound trials were presented in Context A, and T
trials were presented in Context B. Thus, further training
was conducted in a manner that would allow the contexts
to acquire control ofresponding to the tone. When com
parisons were made with groups that received no prior
modulatory training with the light, the light blocked
learning about Context A in the second phase. A second
experiment examined the converse situation; a context
that signaled reinforcement of the tone blocked acquisi
tion of modulatory control by the light.

The results of these experiments provide a fairly con
vincing argument that animals can use contextual stim
uli to modulate the expression of CS-US associations.
As with modulation by punctate stimuli described ear
lier, contexts modulate in a manner that cannot be easily
explained through the existence of direct associations
with the US alone. Moreover, the evidence for reciprocal
blocking suggests that contexts and punctate modulators
use the same mechanism in control of responding to tar
get CSs. Modulatory control by contextual stimuli may
be involved in a number of situations in which CSs are
treated differently in different contexts. Bouton (e.g.,
1991) has suggested that contexts and punctate modula
tors may both work by retrieving separate memories of
CS reinforcement and nonreinforcement. In any case, it
is easy to see the adaptive value ofa mechanism that se
lectively activates individual associations following
training with multiple incompatible episodes.

In general, an informational occasion-setting role like
the one that Skinner (1938) advocated for an instrumen
tal discriminative stimulus appears to be at work in Pav
lovian preparations. In situations in which a CS has been
both reinforced and nonreinforced, modulators influence
the extent of conditioned responding. Moreover, the re
semblance of Pavlovian modulation to instrumental dis
criminative stimulus control may go beyond the proce
dural similarities. Davidson et al. (1988) found that a
stimulus trained to signal reinforcement of an instru
mental response also enhanced responding to a target of
a Pavlovian positive modulator. Similarly, the positive
modulator reliably increased the probability of the in
strumental response. Results such as these suggest that
Pavlovian and instrumental modulators may function

through a shared mechanism.
Finally, although the existence ofsome sort of Pavlov

ian modulatory mechanism seems to be established, we
still know little about the necessary conditions under
which modulation is acquired. Forthcoming experiments
addressing this issue will perhaps provide the greatest in
sight into the role that modulation plays in learning.
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