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Miller and Matute (1996) showed that blocking is attenuated when the blocked conditioned stimu
lus (CS) is "biologicallysignificant" (i.e., when the CShas the potential to elicit vigorous responding of
any kind). To the extent that blocking is representative of cue competition, this finding suggests that
biological significance protects CSs against cue competition effects in general. In the present experi
ments, we tested this possibility by examining the influence of biological significance of CSS on other
examples of cue competition, namely, overshadowing, the relative stimulus validity effect, and the de
graded contingency effect in rats. In Experiment 1,we found that intense auditory stimuli induced tran
sient unconditioned lick suppression, thereby indicating that intense sounds were of high inherent bi
ological significance. In Experiment 2A, we found that cues with high inherent biological significance
were protected from overshadowing. In Experiment 2B, this finding was extended to cues with high
acquired biologicalsignificance, which was obtained through prior pairings with a reinforcer of the va
lence opposite to that used in the overshadowing treatment. In Experiments 3 and 4,we found that cues
with high inherent biological significance attenuated the relative validity effect and the degraded con
tingency effect, respectively. These results lend support to the view that biological significance (in
herent and acquired) protects stimuli from cue competition effects, a finding that is problematic for
many contemporary theories of learning.

The concept ofinherent biological significance has been

well captured in the learning literature by the notion ofan

unconditioned stimulus (US). For example, Pavlov (1927)

recognized that the stimulus he typically chose as a US

(i.e., food) beckoned approach, salivation, ingestion, and

so forth, whereas his conditioned stimuli (CSs) initially

elicited only weak orienting responses. As a result, he con

cluded that USs had greater "biological strength" than
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did CSs, as could be observed in their potential to elicit

stronger and more numerous responses. Hull's (1951)

notion of stimulus intensity dynamism, which is the as

pect of a CS's salience that he regarded as having a mul

tiplicative relationship to other variables in eliciting re

sponding, is another concept closely related to inherent

biological significance. Thus, it is somewhat surprising

to see that the notion of biological significance has re

ceived little theoretical scrutiny over the past 25 years.

For example, the highly influential Rescorla-Wagner

model of Pavlovian conditioning (Rescorla & Wagner,

1972) addresses inherent biological significance of CSs

only by attributing greater associability to cues of high

inherent biological significance (see also Mackintosh,

1975, and Pearce & Hall, 1980, according to whom the

associability of a CS reflects both the inherent and ac

quired biological significance of the cue). As a result, the

Rescorla-Wagner model does not accommodate Hull's

and others' (e.g., Kamin, 1965; Kessen, 1953) finding that

CS intensity (a quality that is clearly one component of

biological significance) modulates the asymptotic magni

tude ofa conditioned response.
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The concept that biological significance is a stimulus
attribute has recently received renewed attention from
our research group (e.g., Denniston, Miller, & Matute,
1996;Gunther, Miller, & Matute, 1997; Miller & Matute,

1996).1 Clearly, the ideas ofPavlov(1927) and Hull (1951)
are similar to our present concept of biological signifi
cance. A biologically significant stimulus can be defined

as one that is relevant to the homeostatic regulation ofan
organism, homeostasis being used here in a broader sense
than the one traditionally viewed by physiologists (e.g.,
Cannon, 1929; for recent developments, see Mrosovsky,

1990). Typically, stimuli that directly affect a horneosta
tic variable (e.g., food, water, sex, or stress, such as pain,
heat, or cold) are biologically significant events in Can
non's sense, which we here call inherent biological signif

icance. But stimuli that have been paired with such events,
and hence convey information about events of inherent

biological significance, may also be included in this cat
egory as part of a subcategory, which we here call ac

quired biological significance. Both types of stimuli are
. directly relevant to maintaining the stability of le milieu

interieur described by Claude Bernard (1856). Operation
ally, the degree to which a stimulus is biologically sig
nificant can be assessed in the laboratory by the type and
magnitude ofresponding that it elicits. For example, when
subjects withdraw their hands or paws from a hot plate,
the reaction time for so doing is inversely proportional to
the temperature of the plate. We say that this is a stimu
lus with high inherent biological significance because it
elicits vigorous behavior (at least) when it is first en
countered. In contrast, a stimulus (e.g., a soft tone or an

abstract geometric shape presented on a computer) that
does not elicit a vigorous response when initially pre
sented but that does so as a consequence of being paired
with a stimulus of inherent biological significance has
what we call acquired biological significance.

Gunther et al. (1997) recently drew attention to the po
tential importance of biological significance in Pavlov
ian conditioning. They noted that differential processing
ofCSs and USs could be due, at least in principle, to dif
ferences in their biological significance (lower for CSs
than for USs) or in their temporal ordering (CSs ordi
narily occur prior to USs). Gunther et al.'s results indi
cated that it was the biological significance ofthe stimuli,
rather than the temporal order of presentation, that was
critical in determining whether a stimulus was processed

as a CS or a US.
Along the same lines of research, Miller and Matute

(1996; see also Denniston et al., 1996) were interested in
the failure of previous research to demonstrate backward
blocking (i.e., poor responding to X as a result of A-US
trials that follow AX-US trials) with nonhuman subjects
(see, e.g., Miller, Hallam, & Grahame, 1990; Schweitzer
& Green, 1982). This failure contrasts with the success
ful demonstrations of backward blocking that have been
obtained with humans in causaljudgment studies (see, e.g.,
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Chapman, 1991; Shanks, 1985). Miller and Matute noted

that, in the human backward blocking studies, the out
comes were oflow inherent biological significance (e.g.,
allergic reactions suffered by fictitious patients), whereas
in the animal studies the outcomes (USs) were of high

inherent biological significance. On the basis ofthis dif
ference, they proposed that the past failures to observe
backward blocking in nonhuman subjects occurred be

cause the intended blocked stimulus (X) had acquired bi
ological significance during the first phase of training
(i.e., AX-US trials result in conditioned responding to X),
prior to the blocking treatment (i.e., A-US trials). Al
ternatively stated, in the backward blocking procedure
the AX-US pairings of Phase I produced conditioned
responding to X (which is difficult to eliminate once it is

in place). In contrast, in the forward blocking procedure
there was no point during which X had the capacity to
elicit responding. Miller and Matute's data support the
view that this difference was critical in determining
whether backward blocking would be observed. Using a

sensory preconditioning procedure to protect the to-be
blocked stimulus (X) from gaining biological signifi
cance during Phase 1, Miller and Matute successfully
demonstrated backward blocking in nonhuman subjects.
Additionally, Miller and Matute's Experiment 3 demon
strated that forward blocking also required the to-be
blocked stimulus to be oflow biological significance. To
the degree that blocking is representative ofassociative cue
competition effects in general, these findings suggest
that biological significance may be an important factor in
determining the outcome ofother cue competition treat
ments. The present series of experiments was designed
to address this question.

In addition to blocking (Kamin, 1968), at least three
other Pavlovian conditioning phenomena seemingly are
forms ofassociative competition between cues trained in
compound. These phenomena are known as overshadow
ing (Pavlov, 1927), the relative stimulus validity effect
(e.g., Wagner, Logan, Haberlandt, & Price, 1968; Was
serman, 1974), and the degraded contingency effect (e.g.,
Rescorla, 1968). In a typical overshadowing procedure,
the subjects are exposed to two CSs presented in com
pound (A and X, with A being more salient than X) fol
lowed by the US (i.e., AX-US). Overshadowing is said
to be evident if subsequent responding to X during test
ing is impaired relative to the performance of control
subjects that were exposed to X alone followed by the
US (i.e., X-US).

Competition between two CS-US associations is af
fected not only by the relative saliences of the CSs (as in
overshadowing), but also by what Wagner et al. (1968)
called the relative validities of the CSs. That is, a more
valid cue (i.e., one which better predicts the occurrence
of reinforcement) will attenuate responding to a less
valid one. In a typical relative stimulus validity proce
dure, the subjects are exposed to two pairs of (equally
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salient) compounded CSs (i.e., AX and BX), which are

randomly interspersed. For all subjects, CS X is followed

by the US on 50% of the trials. However, for some sub

jects (Group Correlated), CS A always predicts the oc

currence of the US, whereas CS B always predicts non

reinforcement (i.e., AX-US/BX-noUS). For other subjects

(Group Uncorrelated), A and B do not predict the oc

currence of the US any more reliably than does X (i.e.,

AX and BX are each reinforced on 50% of their presen

tations). In the absence of a more valid predictor of the

US (Group Uncorrelated), X acquires substantial control

over responding. However, in the presence of a more

valid predictor (i.e., CS A in Group Correlated), X comes

to elicit relatively little conditioned responding.

Finally, in a typical degraded contingency procedure

(e.g., Rescorla, 1968), all subjects experience CS-US

pairings, but some subjects receive additional unsignaled

US presentations interspersed among the CS-US pair

ings. In this case, the added USs degrade the CS-US con

tingency, thereby greatly attenuating subsequent re

sponding to the CS during testing relative to that of

control subjects, which were not exposed to the added un

signaled USs. The degraded contingency effect is gener

ally thought to arise from a context-US association that

"blocks" the CS-US association (Ayres, Bombace, Shur

leff, & Vigorito, 1985; Randich & Ross, 1984).

The present research demonstrates that overshadowing

is attenuated by the use ofCSs that have either high inher

ent (Experiment 2A) or high acquired (Experiment 2B)

biological significance, and demonstrates that the relative

stimulus validity effect (Experiment 3) and the degraded

contingency effect (Experiment 4) are also attenuated by

the use of CSs of high inherent biological significance.

Results from Experiment 1 show that intense auditory

cues have high inherent biological significance.

EXPERIMENT 1
Evidence That Intense Auditory Cues
Have Inherent Biological Significance

Experiment 1 was a preliminary, but necessary, study

intended to assess whether the high-intensity auditory
stimuli used in the subsequent experiments were of high

inherent biological significance, as indicated by their po

tential to elicit unconditioned responding in our prepa

ration. As stated previously, we view a stimulus as being

of high biological significance if it elicits a strong un

conditioned (or conditioned) response. Furthermore, be

cause unconditioned responding is a potential confound

in Experiments 2-4, we sought to determine whether re

sponding to these intense stimuli would habituate with a

modest number of exposures to the stimuli, so that we

would know whether unconditioned responding would

likely prove to be a confound in the subsequent experi

ments. Thus, we expected that a novel, intense auditory

stimulus would elicit strong unconditioned suppression

of drinking in our lick-suppression preparation, but that

the suppression would quickly habituate toward baseline

levels after a few stimulus presentations.

Method

Subjects
The subjects were 18 male and 18 female experimentally naive

Sprague-Dawley descended rats obtained from our own breeding

colony at SUNY-Binghamton. Body weights ranged from 212 to

296 g for males and from 195to 256 g for females. The subjects were

randomly assigned to one ofthree groups (M, L, or Pre-L, ns = 12),

counterbalanced for sex. The animals were individually housed in

standard hanging stainless steel wire-mesh cages in a vivarium

maintained on a 16:8-h light:dark cycle (light on at 0600 h), with

experimental manipulations occurring near the middle portion of

the light phase. The animals were allowed free access to Purina Lab

oratory Chow, whereas access to water was limited to 10 minlday fol

lowing a progressive deprivation schedule imposed the week prior

to the start of the study. From the time ofweaning until the initiation

ofthe study, all animals were handled three times a week for 30 sec.

Apparatus
Owing to availability, two types ofenclosures were used. Enclo

sure R was a clear, Plexiglas, rectangular chamber measuring 31.75

x 8.25 x 13.0 cm (I x w x h). The floor was constructed of0..48

cm-diameter rods, spaced 1.5 cm center to center, connected by NE

2 neon bulbs which allowed the delivery of constant-current foot

shock by means of high-voltage ac circuit in series with a 1.0-MQ

resistor. Each of six copies ofEnclosure R was housed in a separate

light- and sound-attenuating environmental isolation chest. Enclo

sure R was dimly illuminated by a 2-W (nominal at 120 Vac) bulb

driven at 56 Vac. The bulb was mounted on an inside wall of the

environmental chest approximately 30 cm from the center ofthe ex

perimental chamber. Background noise, mostly from a ventilation

fan, was 78 dB (all sound level readings were performed on the C

scale and based on standard pressure level).

Enclosure V was a 22.30-cm-long box in the shape of a vertical

truncated V.The enclosure was 26.20 cm high, 21.00 cm wide at the

top, and narrowed to 5.25 cm wide at the bottom. The ceiling was

constructed of clear Plexiglas, the end walls were black Plexiglas,

and the sloping sidewalls (which gave the chamber its V shape)

were stainless steel. The floor consisted of two long parallel metal

plates, each 2 cm wide, separated by a 1.25-cm gap. A constant

current footshock could be delivered through the metal walls and

floor ofthe chamber. Each ofsix copies ofEnclosure V was housed

in a separate light- and sound-attenuating environmental isolation

chest. Enclosure V was dimly illuminated by a 7.5-W (nominal at

120 Vac) bulb driven at 56 Vac. This houselight was mounted on

an inside wall of the environmental chest approximately 30 cm from

the center of the experimental chamber. Light entered the experi

mental enclosure primarily by reflection from the roofofthe environ

mental chest. The light intensity in Enclosure V roughly matched

that in Enclosure R, because the difference in the luminosity ofthe

light bulbs compensated for the difference in the opaqueness of the

walls ofthe two types ofenclosures. The houselight was on through

out the experiment. Background noise, mostly from a ventilation

fan, was 78 dB.

Enclosures R and V could each be equipped with a water-filled

lick tube. When inserted, the lick tube extended about I cm into a

cylindrical drinking recess that was set into one ofthe narrow Plex

iglas walls ofthe chamber (axis perpendicular to wall). Each drink

ing recess was left-right centered on the chamber wall, with its bot

tom 1.75 cm above the floor ofthe apparatus. The recess was 4.5 cm

in diameter and 5.0 cm deep. An infrared photobeam was projected

across the recess approximately I cm in front of the lick tube. In

order to drink from the lick tube, the subject had to insert its head



into the recess, thereby breaking the photobeam. Thus, the time dur

ing which the subjects were licking could be recorded.

Each enclosure was equipped with three speakers mounted on

the interior walls of the environmental chest. Each speaker could
deliver a different auditory stimulus, specifically a white noise (N),

a IO/sec click train (C), or a complex 3000-3200 Hz tone (T).

Procedure

Acclimation. On Day I, the subjects were acclimated to their re

spective enclosure, R or V, counterbalanced within groups, during

a 60-min session. Lick tubes were present.

Training. Followingacclimation, the lick tubes were removed from

all enclosures. On Days 2 and 3, the subjects in Group Preexposure

to-the-Loud-Sound (Pre-L) received four daily nonreinforced ex

posures to the intense white noise presented 26 dB above the ambi

ent background noise at 10,20,37, and 50 min into the daily 60-min

sessions. All stimulus presentations were 10 sec in duration. The

subjects in Groups Moderate-Sound (M) and Loud-Sound (L) ex

perienced equivalent context exposure with no nominal stimulus

presentations.

Reacclimation. On Day 4, the lick tubes were returned to the

apparatus and all subjects were reacclimated to their enclosure dur

ing a 60-min session.

Testing. On Day 5, during a 16-min session each subject was

tested individually for suppression in response to the white noise,

which was presented at 26 dB above the ambient background noise

for Groups Pre-L and L, and at 6 dB above background for Group M.

The white noise was presented to the subject on the test trial upon

completion of its initial 5 cumulative seconds of drinking in the ab

sence of any nominal stimulus. Thus, each subject was drinking at

the onset ofthe white noise, and the time required to complete an ad

ditional 5 cumulative seconds of drinking in the presence of the
noise was measured with a 900-sec ceiling being imposed on each

time. Testing of the animals was staggered (counterbalanced be

tween groups), and the animals were transported from the colony so

that those not yet tested were unable to hear cues being presented to

the other animals. Suppression times were transformed to log (base

10) times to better approximate normal distributions of scores within

groups, which is assumed in the use of parametric statistical tests. An
alpha level of .05 was adopted for all tests of statistical significance.

Owing to illness, two animals (one from Group L and one from

Group Pre-L) were excluded from the study prior to testing.

Results and Discussion
Figure I depicts the results of Experiment I. A high

level ofunconditioned suppression to the loud noise was

observed, but only in Group L. Groups M and Pre-L dis

played a mean level ofunconditioned suppression, which

was close to the minimum possible (log 5 sec = 0.70).

A one-way analysis ofvariance (ANOVA)with group as

the factor found that there were no differences among

groups in baseline drinking behavior on the test day (i.e.,

in time to complete the first 5 cumulative seconds of

drinking, which was prior to the presentation ofthe stim

ulus) [F(2,31) < I].

A similar ANOVA conducted on time to complete 5

cumulative seconds of drinking in the presence of the

white noise revealed a difference between groups

[F(2,31) = 12.62]. Planned comparisons using the error

term from the ANOVA found differences between

Groups M and L [F(l,31) = 19.59] and Groups Land

Pre-L [F(I,31) = 18.53].

These results indicate that there was greater lick sup

pression to the novel, intense auditory stimulus than to
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Figure 1. Experiment 1. Mean latencies to complete 5 cumula
tive seconds of drinking in the presence of the white noise stimu
lus, which was of high intensity for Groups Pre-L and L, and
moderate intensity for Group M. Group Pre-L was given eight
exposures to its test CS, whereas the two other groups received
only comparable exposure to the context. Error bars indicate the
standard error ofthe mean.

the equally novel, but less intense, auditory stimulus.

Therefore, the 26-dB (above background) auditory stim

ulus appears to have been of greater biological signifi

cance than was the otherwise equivalent 6-dB (above

background) auditory stimulus. Moreover, this strong un

conditioned response was greatly reduced by eight non

reinforced trials, which demonstrates rapid habituation of

this response. In Experiments 2A, 3, and 4, we demon

strated that despite habituation ofunconditioned respond

ing, intense CSs retain a quality, which we call biological

significance, that protects them from cue competition

(see Blaisdell, Denniston, Savastano, & Miller, 2000, for

a demonstration of acquired biological significance's

surviving extinction of conditioned responding). In the

General Discussion, we discuss the perseverance ofbio

logical significance beyond the time that the stimulus

had the potential to elicit responding.

EXPERIMENT 2A
Overshadowing Treatment With

Cues ofInherent Biological Significance

In Experiment I, we demonstrated that a loud, but not

a moderate, noise elicits unconditioned suppression of

drinking in thirsty rats, a result that is congruent with our

previous findings that an intense auditory cue is a bio

logically significant event for rats (see Denniston et al.,

1996; Gunther et al., 1997; Miller & Matute, 1996). In Ex

periment I, we also demonstrated that this unconditioned
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Results and Discussion

Figure 2 depicts the results of Experiment 2A. Less
conditioned suppression to X was observed in Group
AX-M than in Group X-M, whereas both Group AX-L

Figure 2. Experiment 2A. Mean latencies to complete 5 cumu
lative seconds of drinking in the presence of Stimulus X. Groups
AX-M and X-M were trained and tested with stimuli of moder
ate intensity, whereas Groups AX-L, X-L, and Cont-L were
trained and tested with stimuli of high intensity. To encourage
overshadowing of CS X by CS A, within each stimulus intensity
condition, A was 4 dB(C) louder than X. Error bars indicate the
standard error ofthe mean.

Acclimation. Acclimation to the experimental enclosure was

conducted on Days I and 2 during daily 60-min sessions. During

these sessions, no nominal stimuli were presented, and free access

to water-filled lick tubes was provided.

Conditioning. Conditioning was conducted on Days 3 and 4

with the lick tubes removed. During each daily 60-min session,

Groups AX-M and AX-L experienced four AX-US trials (with A

representing the overshadowing clicks and X representing the over

shadowed white noise), whereas the Groups X-M and X-L experi

enced four X-US trials and four A-alone presentations pseudoran

domly interspersed). Group Cont-L experienced daily four X-alone

presentations and four A-US trials. Cont denotes a control condi

tion for assessment of unconditioned responding, AX and X refer

to the stimuli reinforced during training, L denotes the use of loud

stimuli (high biological significance), and M denotes the use of

moderate intensity stimuli (low biological significance). The aver

age intertrial interval (ITI) was 12 min (range = 7-17 min).

Reacclimation. On Days 5 and 6, the water-filled lick tubes

were reinserted and daily 60-min reacclimation sessions were con

ducted. These sessions were intended to reestablish a stable rate of

drinking for all subjects.

Testing. On Day 7, all subjects were tested for suppression in re

sponse to the overshadowed stimulus (X) using the same procedure

as in Experiment 1.
Two subjects were discarded before testing because of an equip

ment failure during training (one in Group X-M and the other in
Group X-L).

X-M AX-L X-L Cont-L

Training Groups

AX-M
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Procedure

The parameters and procedural details were the same as in Ex

periment I, except where otherwise stated. The overshadowing stim

ulus was the click train, presented as a stimulus of either low bio

logical significance (10 dB above background) or high biological

significance (30 dB above background). The overshadowed stimu
lus was the white noise, presented as a stimulus of either low bio

logical significance (6 dB above background) or high biological

significance (26 dB above background). For the overshadowing

groups, the difference in intensity between the overshadowing and

overshadowed CSs was always 4 dB. Consequently, because the
decibel scale for sound level is a log function of physical intensity,

the ratios of the physical intensities of the overshadowed stimulus

to the overshadowing stimulus was constant (for more detail, see

Stevens, 1959). Both stimuli were 10 sec in duration. The US was
a 0.5-sec, 0.7-mA footshock. On all reinforced trials, the US was pre

sented immediately upon termination of the CS.

response quickly habituates with repeated exposure. This

latter result allowed us to study the impact ofbiologically
significant cues on conditioning phenomena without any
major confound due to unconditioned responding.

Miller and Matute (1996, Experiment 3) demonstrated

that a stimulus with inherent biological significance was
protected against forward blocking. The purpose of the
present series of experiments was to determine whether

their finding could be extended to other forms ofPavlov
ian cue competition. In particular, Experiment 2A was
designed to determine whether this protection from cue

competition afforded by the target cue's being biologi
cally significant could also be observed in an overshad
owing paradigm. Notably, Mackintosh (1976) reported
that when intense CSs were used, overshadowing was

greatly attenuated. Although suggestive, Mackintosh's ex
periment did not control for unconditioned responding
to the intense overshadowed CS that he used. The present

study included such a control. In Condition Loud (L), the
target (i.e., overshadowed) CS was ofhigh biological sig
nificance, whereas in Condition Moderate (M), it was of
low biological significance. To avoid perceptual mask
ing (as distinct from associative overshadowing) of the

intended overshadowing cue by the overshadowed cue,
the intensity of the overshadowing cue was correspond
ingly increased as the intensity of the overshadowed cue
was manipulated. Specifically, we maintained for all

subjects a constant ratio of intensities (corresponding to
a difference of 4 dB) between the overshadowing and
overshadowed CSs. This should have resulted in roughly
similar differences in salience between the overshadow

ing and overshadowed CSs in the moderate- and high
intensity conditions because salience is generally assumed
to be roughly proportional to log intensity.

Subjects and Apparatus

The subjects were 30 male and 30 female naive Sprague-Dawley

descended rats obtained from our own breeding colony.Body weights
ranged from 265 to 345 g for males and from 195 to 260 g for fe

males. The subjects were randomly assigned to one of five groups

counterbalanced for sex (AX-M, X-M, AX-L, X-L, and Cont-L,

ns = 12). Animal care and the apparatus were the same as in Exper

iment I. Enclosures R and V were counterbalanced within groups.

Method



and Group X-L displayed similar and high levels ofsup

pression to X. Group Cont-L exhibited a low level of
suppression to X, which indicates that the high level of
suppression observed in Group AX-L was not an un
conditioned reaction to an intense noise. Thus, this ex

periment demonstrated that a CS with high inherent bi
ological significance could not be overshadowed to the
extent that a CS of lower biological significance could
be. The following analyses support this conclusion.

A one-way ANOVA with group as the factor found no
difference in the time to complete the first 5 cumulative

seconds of licking on the test day (i.e., prior to the pre
sentation ofany test stimulus) [F(4,53) = 2.14], which is
indicative of similar baseline behavior across groups.

A similar ANOVA conducted on time to drink for 5
cumulative seconds in the presence ofX revealed differ
ences between groups [F(4,53) = 26.30]. A second sta

tistical analysis was then performed, excluding Group
Cont-L in order to take advantage ofthe factorial arrange

ment of the four remaining groups. This 2 X 2 ANOVA,
with intensity (loud vs. moderate) and treatment (AX vs.
X) as factors, revealed main effects of intensity [F( 1,42)
= 19.70] and treatment [F(l,42) = 12.68] and an inten
sity X treatment interaction [F(l ,42) = 16.46]. Planned
comparisons using the error term from the four-group
ANOVA revealed that conditioned suppression to X was
lower in Group AX-M than in its control (Group X-M)
[F(l,42) = 29.01]. No significant difference was de
tected between Group AX-L and its control (Group X-L)

[F(l,42) = 0.12].
An alternative view ofthe results ofthis experiment is

that, despite our matching the ratio of intensities at the

moderate and high intensities, there might have been a
smaller difference in salience between the overshadow
ing and overshadowed CSs in the high-intensity condi
tion than in the moderate-intensity condition; such a re
duction in the difference in salience between CSs A and
X would be expected to reduce overshadowing according
to all contemporary models of learning. Since there was
no independent measure of salience, we cannot discount
this possibility. However, available psychophysical data
from humans (Stevens, 1959) suggest that maintaining the
ratio of sound-level intensities between A and X should
have roughly maintained the difference in saliences.
Moreover, an account ofExperiment 2A predicated on a
reduced difference in saliences would not be able to ex
plain the findings of Experiments 3 and 4, whereas an
account based on biological significance applies equally

well to Experiments 2, 3, and 4.
The results of the present experiment suggest that

overshadowing is attenuated when CSs of high inherent
biological significance are used. Notably, this attenua
tion of overshadowing does not result from a ceiling ef
fect because very few animals suppressed for the full
900-sec limit (log 900 sec = 2.95). The absence ofa ceil
ing effect was also evident in all of the remaining studies
in this series. Moreover, the low level of suppression to
X that was displayed by Group Cont-L suggests that the
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abolition ofovershadowing observed when using intense
CSs cannot be attributed to unconditioned suppression
to an intense noise. However, since this latter group had
experienced X-alone trials interspersed with A-US trials
during training, the low level of responding that was ob

served could have reflected differential conditioned in
hibition to the intense CS X rather than habituation of
unconditioned suppression. The present data do not speak
to this issue, but in Experiment I, we observed low sup
pression in the animals that received the same number of
nonreinforced exposures to X (Group Pre-L) as the pre
sent control group, which suggests that the low suppres

sion observed here was more likely the result of habitu
ation than of differential inhibition.

The high level of suppression observed in both Groups
AX-L and X-L in Experiment 2A might be viewed as a
consequence ofsensitization to the loud white noise that
served as X rather than as a consequence ofconditioning
to the white noise. In fact, in Experiment 1, we found that
this loud white noise unconditionally disrupted drinking

when it was first encountered, but that this uncondi
tioned response quickly habituated. However, one could
argue that the close proximity ofthe footshock US to the
white noise in Experiment 2A prevented habituation of
the unconditioned response to the loud auditory cue, so
that habituation could not counteract any sensitization
that might have occurred over presentations of the loud
auditory cues as a result of exposure to the auditory cue
or the footshock. The lick suppression data presented here
do not allow us to reject this possibility. However, through
visual observation of the subjects (by the experimenter
through a peephole in the environmental chest) in this and
in the subsequent experiments, it was found that, when
loud auditory stimuli were first presented, the rats tried
to flee from the source of the sound. In contrast, with re
peated exposures during the conditioning trials, the sub
jects exhibiting high suppression scores at test froze
rather than fled, a behavioral response clearly different
from the unconditioned response to loud auditory stim
uli in this situation.

EXPERIMENT 2B
Overshadowing Treatment With

Cues ofAcquired Biological Significance

In Experiment 2A, we demonstrated that a stimulus
with inherent biological significance was protected from
overshadowing. Experiment 2B was designed to determine
the extent to which the same might be true for a stimulus
that had acquired biological significance through prior
association. In other words, in Experiment 2B, we sought
to determine whether merely high-intensity cues provided
protection against overshadowing, or whether this protec
tion arose from what we have more broadly conceptual
ized as biological significance. Ifonly CSs ofhigh inten
sity are protected against cue competition, the concept
of biological significance as used here would be super
fluous and the protection from overshadowing observed
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in Experiment 2A could be attributed to preassociative
perceptual processes. Thus, the current experiment was
designed to determine the extent to which an overshadow
ing deficit can be reduced when the to-be-overshadowed
stimulus (selected to have perceptual properties that or

dinarily allow overshadowing) has previously been trained
as a CS with a US that is distinctly different from that used
in the overshadowing task. This goal was achieved by as
sociating a to-be-overshadowed stimulus oflow inherent
biological significance (i.e., moderate intensity) with an
appetitive reinforcer (saccharin) prior to the administra

tion of overshadowing treatment with a different rein
forcer (footshock).lmportantly, these two reinforcers were
selected because they elicit incompatible responses.
Therefore, stronger suppression, indicative of the target
CS-footshock association, as a result of the prior CS

saccharin pairings could not be attributed to response
summation.

Method

Subjects

The subjects were 24 male and 24 female Sprague-Dawley de

scended rats obtained from our own breeding colony. Body weights

ranged from 325 to 485 g for males and from 225 to 300 g for fe

males. The subjects were randomly assigned to one of four groups

(AX-Exp, X-Exp, AX-Cont, and X-Cont, ns = 12), counterbal

anced for sex. Animal care and maintenance were the same as in

Experiment 1.

Apparatus

Twelve identical operant Plexiglas chambers, each measuring 30

X 25 X 32 cm (I X w x h), were used. The floor of each chamber

was constructed of 0.5-cm-diameter rods, spaced 2 cm center to

center, connected by NE-2 neon bulbs that allowed a 1.0-mA con

stant-current footshock to be delivered by means of a high-voltage

ac circuit in series with a I.O-MQ resistor. Each chamber was

housed in an environmental isolation chest that was dimly illumi

nated by a No. 1820 incandescent houselight mounted on the ceil

ing of the experimental chamber. Each chamber included a cylin

drical niche, 4.5 cm in diameter and left-right centered with its axis

4 cm above the grid floor, in which liquids could be delivered. Two

means ofdelivering liquid to the animal were used at different times

during the study. One was a water-filled lick tube (opening = 0.3 cm

in diameter) that extended about I cm from the rear of a 5.5 X 5.5

X 4 cm (I X h X d) cylindrical recess at a height of I cm above the

floor, which allowed for ad lib drinking, and the other was a liquid dis

penser system (Lafayette Instrument Company No. 80201), which

included a metallic spout located on the roof of the recess 5.5 cm

from the floor and 2.25 cm forward of the rear of the recess. This

dispensing system was capable ofdelivering variable amounts ofliq

uid at programmed intervals into a small cup on the floor of the re

cess. In order to drink from the tubes or cup, the subjects had to in

sert their heads sufficiently far into the recess to break a horizontal

infrared photobeam that passed across 1.5 cm into the recess. Thus,

the amount of time the photobeam was disrupted could be moni

tored and served as our dependent measure ofdrinking for both liq

uid delivery systems.

A 75-W (nominal at 120 Vac) incandescent bulb (driven at

100 vac) mounted on the back wall of each environmental chest

could deliver a flashing light (0.25 sec on/0.25 sec off). The house

light was off whenever the flashing light stimulus was cycling. A

speaker mounted on the interior back side of each environmental chest

could deliver a high-frequency complex tone (3000 and 3200 Hz)

6 dB above background, and a second speaker mounted on the side-

wall was used to deliver a white noise (X) stimulus 6 dB above

background. A third 45-W speaker mounted on the outside ceiling

ofthe experimental chamber, directed toward the subject, was used

to deliver a click stimulus (6/sec) 6 dB above background. Ventila

tion fans in each enclosure provided a constant 76-dB background

noise. All CSs were 10 sec in duration. The footshock US was

1.0 mA, 0.5 sec in duration and was presented immediately at the

termination of the CSs on all reinforced trials.

Two distinct contexts were used in this study, one for the training,

during which the to-be-overshadowed CS acquired biological sig

nificance (Context A), and a second one for overshadowing treatment

and testing (Context B). This context shift between training regimes

was intended to reduce the magnitude of counterconditioning that

might arise from our pairing the target CS with two reinforcers that

elicited incompatible unconditioned responses (for a discussion of

counterconditioning, see Pearce & Dickinson, 1975; for a discus

sion ofthe contextual modulation ofcounterconditioning, see Bou

ton, 1993), thus allowing for a more sensitive test ofa possible at

tenuation of overshadowing. Context A consisted of the operant

chambers with all the aforementioned features plus Plexiglas floor

plates that covered the grid floors and the addition of a distinctive

odor. The odor cue was produced by placing one drop ofmethyl sal

icylate onto a small wood block located inside each environmental

chest. Context B was the aforementioned operant chamber with the

accompanying features, but without the Plexiglas floor plates and

odor cue.

Procedure

Acclimation. All subjects were acclimated to Contexts A and B

on Days I and 2, respectively. The daily context exposure sessions

were 60 min in duration. No nominal stimulus presentations oc

curred during these sessions, and the lick tubes were removed.

Phase 1: Treatment to make target CS (X) biologically sig

nificant. On Days 2-7, all subjects were placed in Context A for

60-min daily sessions. The subjects in Groups AX-Exp and X-Exp

received eight daily exposures to the to-be-overshadowed Stimu

lus X (tone or white noise, counterbalanced within groups) followed

immediately by the saccharin solution (0.05 ml at 0.04 M), pseudo

randomly interspersed with eight nonreinforced presentations of a

nontarget Stimulus Z (clicks). The subjects in Groups AX-Cont

and Xe-Cont received eight daily exposures of Stimulus Y (white

noise or tone, counterbalanced within groups) followed immedi

ately by the saccharin solution pseudorandomly interspersed with

eight nonreinforced presentations ofZ. Stimulus Y was paired with

saccharin for these groups in order to equate them with the Exp

condition with respect to experience with saccharin exclusive of

X-saccharin pairings. The nonreinforced Z trials were interspersed

with the X-saccharin (or Y-saccharin) trials to constitute a dis

crimination procedure intended to facilitate acquisition of an

X-saccharin (or V-saccharin) association. The X or Y presenta

tions, but not the Z presentations, were followed by presentation of

the saccharin solution, because saccharin has been shown to be an

effective reinforcer in classical conditioning paradigms (e.g., Garcia,

1989). These X (or Y) andZ trials occurred pseudorandomly within

the session with a mean IT! of225 sec (range = 15D-300 sec). In

order to determine whether the animals had learned the X-saccha

rin (or V-saccharin) association, duration of nose poking into the

reinforcement recess was measured during each cue presentation. A

performance index (R) was then calculated [R = (X [or Y] - Z)/

(X [or Y] + Z)], with X, Y, and Z being the sum of the nosepoke du

rations recorded during the presentation of the appropriate cue for

any given day. A quotient of 0 was indicative of a total absence of

discrimination between X (or Y) and Z and a quotient of I was in

dicative of a perfect discrimination.

Phase 2: Overshadowing treatment. Training on Days 8 and 9

occurred in Context B during daily 60-min sessions in which

Groups AX-Exp and AX-Cont received three daily compound ex-



posures ofStimulus A (flashing light) and Stimulus X followed im

mediately by the footshock US. Groups X-Exp and X-Cont re

ceived three daily X-US trials. These trials occurred at 15,34, and

50 min into the session. In addition, Groups X-Exp and X-Cont re

ceived three daily nonreinforced A exposures at 18,39, and 53 min

into the session to equate exposure to Stimulus A across groups.

Water was not available during the training sessions.

Reacclimation. On Days 10-12, the subjects were placed in

Context B for 60-min sessions with the lick tubes in place in order

to establish baseline levels of licking behavior. No nominal stimu

lus was presented.
Testing. On Day 13, all the subjects were tested for lick sup

pression elicited by CS X in Context B. The test was conducted as

in Experiment 2A.
Six subjects (1 from Group AX-Exp, 2 from Group X-Exp, I

from Group AX-Cont, and 2 from Group X-Cont) were excluded

from the study prior to testing due to equipment failure or experi

menter error.

Results and Discussion

On the last day ofPhase I training, all groups exhibited

greater nosepoke responding when the stimulus was
paired with saccharin delivery than when paired with
Stimulus Z, indicating a good discrimination between
the different stimuli presented during this phase oftrain
ing, R(±SEM) = 0.76 (±O.lO), 0.55 (±O.2I), 0.65 (±O.lO),

and 0.64 (±0.I6) for Groups AX-Exp, X-Exp, AX
Cont, and X-Cont, respectively. Each of these means
differed from 0 (allps < .05). Thus, with the current defi-
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Figure 3. Experiment 2B. Mean latencies to complete 5 cumu
lative seconds of drinking in the presence of Stimulus X. During
Phase 1 training, X was associated with saccharin for Groups
AX-Exp and X-Expo To encourage overshadowing of CS X by
CS A, A was 4 dB(C) louder than X. Error bars indicate the stan
dard error ofthe mean.
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nition ofbiologicalsignificance, Stimulus X (or Y) became
biologically significant for each group during Phase 1.

Figure 3 depicts the test day results for the overshad

owed stimulus (X). Less conditioned suppression to X
was observed in Group AX-Cont than in Group X- Cont,
whereas Groups AX-Exp and X-Exp displayed a simi
lar, intermediate level of suppression to X. Thus, Exper

iment 2B demonstrated that a CS that has acquired bio
logical significance through prior association with a
reinforcer could not be overshadowed to the same degree
that a neutral CS could be. The following analyses sup

port these conclusions.
A 2 X 2 ANOVAwith Phase I treatment (X-saccharin

vs. Y-saccharin) and Phase 2 treatment (AX vs. X) as
factors found no difference in time to complete 5 cumu

lative sec of licking prior to CS presentation on the test
day [all Fs(l,38) < 1.10], which is indicative of similar
baseline behavior across groups.

A 2 X 2 ANOVA for suppression in the presence ofX
found no main effectofPhase 1 treatment [F(l,38) = 0.44],

but did reveal an effect of Phase 2 treatment [F(l,38) =
16.32] and a Phase I X Phase 2 interaction [F(l,38) =

7.98]. Planned comparisons revealed that conditioned
suppression to X was lower in Group AX-Cont than in
Group X-Cont [F(l,38) = 23.57] but similar for Group
AX-Exp and Group X-Exp [F(l,38) = 0.74], respec

tively. It is noteworthy that Groups AX-Exp and X-Exp
expressed a tendency toward an intermediate level of
suppression in the presence ofX, compared with Groups
AX-Cont and X-Cont, respectively (see Figure 3). We
shifted contexts between Phases I and 2 to reduce the
likelihood that approach behavior conditioned with sac

charin would reduce suppression ofdrinking conditioned
with footshock. However, it is likely that the intermedi
ate level ofsuppression observed in Groups AX-Exp and
X-Exp was a result ofthis ploy not being fully effective.
In other words, the initial pairing ofX with saccharin could
have weakened the acquisition (and/or the expression) of
the association between X and the footshock, thereby pro
ducing a downward shift in suppression in the Exp con
dition. Importantly, although counterconditioning of X

can account for suppression by Group X-Exp being
lower than Group X-Cont, it cannot account for the
Phase I X Phase 2 interaction, which best documents
that acquired biological significance of X attenuated
overshadowing. The possibility that the lack of over
shadowing in Group AX-Exp was due to a floor effect
(i.e., suppression by Group X-Exp being too low to see
any reduction) can be discounted by comparison with
Group M ofExperiment I (see Figure 1), which was sim
ilarly treated, but without footshock reinforcement. At
test, there clearly was considerable associative-based
suppression to X in Group X-Exp that in principle could
have been reduced by overshadowing down to at least the

level of Group M of Experiment 1.
In Experiment 2, it was shown that stimuli that had ei

ther inherent (Experiment 2A) or acquired (Experi
ment 2B) biological significance were protected from
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Uncorr-L, and Cont-L (i.e., loud) above the ambient background

noise. On all reinforced trials, the US (1.0-mA footshock for 0.5 sec)

was presented immediately upon termination of the CS.
Acclimation. Acclimation to the experimental enclosure was

conducted on Days 1 and 2 during daily 60-min sessions as was done

in Experiments 1 and 2A.
Conditioning. Conditioning was conducted on Days 3-14 with

the lick tubes removed. During each 60-min daily training session,

both Corr groups received six AX-US and six BX-alone trials,
whereas the Uncorr groups received three AX-US, three AX-alone,

three BX-US, and three BX-alone trials. Group Cont-L received

one X-alone, six A-US, and six B-alone trials per session. The ra

tionale for Group Cont-L was to assess baseline lick suppression to

the intense (loud) X devoid of any X-US association and after giv

ing sufficient exposures for habituation to eliminate unconditioned

responding to X. For all groups, trial types were pseudorandomly

intermingled. All CSs were 10 sec in duration. The mean ITI be

tween events was 5 min (range = 3-7 min).

Reacclimation. Reacclimation to the apparatus was conducted

on Days 15-17 during daily 60-min sessions in the same manner as

in the previous experiments.

Testing. On Day 18, all the subjects were tested for lick suppres

sion in response to Stimulus X. Testingwas conducted as in the other

experiments.

Training Groups

Figure 4. Experiment 3. Mean latencies to complete 5 cumula
tive seconds of drinking in the presence of Stimulus X. Groups
Corr-M and Uncorr-M were trained and tested with stimuli of
moderate intensity, whereas Groups Corr-L, Uncorr-L, and
Cont-L were trained and tested with stimuli of high intensity. Al
though target Cs X was always reinforced 50% of the time, in
condition Corr, X was trained in the presence of other cues with
a better correlation with the reinforcer than X had, whereas in
the Uncorr condition X had the same predictive value as the other
cues present during training of X. Error bars indicate the stan
dard error of the mean.

Method

overshadowing. The fact that we could obtain a protec

tive effect in Experiment 2B with biologically signifi
cant cues of moderate intensity similar to the protective
effect observed in Experiment 2A, which used high in
tensity cues, suggests that the protective effect does not

rely purely on differential perceptual processing ofintense
CSs. Rather, it suggests that representations ofcues with
high biological significance, whether inherent or acquired,

are processed differently than representations ofcues with
low biological significance.

In Experiments 2A and 2B, we demonstrated that over
shadowing was attenuated when cues with biological sig
nificance (inherent or acquired, respectively) were used.
Experiment 3 was designed to determine whether bio

logical significance would also affect another form of
cue competition, namely, the relative stimulus validity
effect (Wagner et aI., 1968; Wasserman, 1974). The rel
ative validity effect refers to the observation that the
presence, during training of a target cue (X), of another
cue (A) that is a better predictor of the presence of the

outcome (US) than is X will reduce behavioral control by
X, relative to otherwise equivalent conditions in which
all cues are ofequal predictive validity. Ifbiological sig
nificance similarly influences all forms of cue competi
tion, we would expect to observe a disruption of the rel
ative stimulus validity effect when the target cue (X) has

high biological significance. Experiment 3 was conducted
using CSs with inherent biological significance-in this
case, auditory CSs of high intensity.

EXPERIMENT 3
Relative Validity Treatment With

Cues of Inherent Biological Significance

Procedure

The parameters and procedural details were the same as in Ex
periment 2A, except where otherwise stated. Stimuli A and B were

the white noise and the tone, counterbalanced within groups; Stim

ulus X was the 10/sec click train. All stimuli were presented at 8 dB

above background to Groups Corr-M and Uncorr-M (i.e., moder
ate intensity), and at 30 dB above background to Groups Corr-L,

Subjects and Apparatus

The subjects were 30 male and 30 female Sprague-Dawley de
scended rats obtained from our own breeding colony. Body weights

ranged from 290 to 470 g for males and from 240 to 330 g for fe

males. The subjects were randomly assigned to one of five groups
(Corr-L, Corr-M, Uncorr-L, Uncorr-M, and Cont-L; ns = 12),

counterbalanced for sex. Corr and Uncorr indicate the conditions in

which A and B were perfectly correlated and poorly correlated, re

spectively, with the presence or absence of the US; Cont indicates

a group to control for unconditioned responding to the loud CS. L
and M indicate the conditions in which the cues (A, B, and X) were

loud (i.e., of high biological significance) and moderate (i.e., oflow

biological significance), respectively.Animal care and maintenance,

as well as the apparatus, were the same as in Experiment 1. Enclo
sures R and V were counterbalanced within groups.



Two animals (I from the Group Corr-M and I from the Group

Uncorr-M) were excluded from the study prior to testing due to

illness.

Results and Discussion

Figure 4 depicts the results ofExperiment 3. Less con

ditioned suppression to X was observed in Group Corr-M
than in Group Uncorr-M, whereas Groups Corr-L and
Uncorr-L displayed similar and relatively high levels of
suppression to X. Group Cont-L exhibited a low level of
suppression to X, which indicated that the high level of

suppression observed in Group Corr-L was not an un
conditioned reaction to an intense click train (i.e., CS X).
Thus, in Experiment 3, it was demonstrated that the rel
ative stimulus validity effect is attenuated when the tar
get CS is of high inherent biological significance. The
following analyses support these conclusions.

A one-way ANOVA with group as the factor found no
differences in time to complete the first 5 cumulative sec
onds of licking on the test day (i.e., prior to the presen
tation ofany test stimulus) [F( 4,53) = 2.05], which is in

dicative of similar baseline behavior across groups.
A similar ANOVA conducted on times to drink for 5

cumulative seconds in the presence of X revealed differ
ences between groups [F(4,53) = 12.94]. A second
statistical analysis was then performed that excluded
Group Cont- L in order to take advantage 0 f the factorial
arrangement of the four remaining groups. A 2 X 2
ANOVA with intensity (loud vs. moderate) and contin
gency (correlated vs. uncorrelated) as factors revealed
main effects of intensity [F(l,42) = 4.53] and contin
gency [F(l,42) = 6.11], but the intensity X contingency
interactionwas less than statisticallysignificant [F(l,42) =

2.39,p = .13], which was surprising given the appear
ance of Figure 4. Inspection of the data suggested that
the lack of a statistically significant interaction was due
to large within-group variance arising from the counter
balanced use of two different types of physical experi
mental enclosures (R and V). Consequently, we per
formed a 2 X 2 X 2 ANOVAwith intensity, contingency,
and enclosure as factors. This revealed a main effect of
intensity [F(l,38) = 6.51], contingency [F(l,38) =

10.47], and enclosure [F(l,38) = 31.46], and, impor
tantly, an intensity X contingency interaction [F(l,38) =
4.12]. None of the other interactions were significant.
Planned comparisons revealed that conditioned suppres
sion to X was lower for the high correlation condition than
for the low correlation condition [Fs(1,42) = 7.73 and
0.45, respectively], but only when using CSs of moder
ate intensities.

The present results suggest that the relative stimulus
validity effect was attenuated when the CSs were ofhigh
biological significance. This suggests that CSs of high
biological significance are protected against cue compe
tition not only in overshadowing preparations, as we saw
in Experiment 2, but also in relative stimulus validity prep
arations. Moreover, this finding is consistent with the
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p~or f~ndin~ o~~iIIer and Matute (l996) that CSs ofhigh
biological significance are protected against blocking.

EXPERIMENT 4
Degraded Contingency Treatment

With Cues of Inherent Biological Significance

The degraded contingency effect in animals was first
reported by Rescorla (e.g., 1968), who showed that good
contiguity between CSs and USs was not sufficient for
stimulus control over conditioned responding. By adding
unsignaled USs during CS-US training, he showed that
responding to the CS was decreased, relative to control
groups that had received the same number ofCS-US pair
ings during training, in the absence of unsigna1ed USs.
Since Rescorla's initial finding, the degraded contingency

effect has been replicated by numerous researchers (e.g.,
Gamzu & Williams, 1973; Jenkins, Barnes, & Barrera,
1981). InExperiment 4, we sought to determine the extent
to which the degraded contingency effect could be dis

~p.ted by t~e use ofa CS with high inherent biological sig
nificance III contrast to previous studies of the degraded
contingency effect, which all used CSs ofseemingly low
inherent biological significance.

Method

Subjects

The subjects were 30 male and 30 female Sprague-Dawley de

scended rats obtained from our own breeding colony. Body-weight

ranges were 330-470 g for males and 240-330 g for females. The

subjects were randomly assigned to one of five groups (C-L, De

gradedC-L, C-M, DegradedC-M, Cont-L, ns = 12), counterbal

anced for sex. C and DegradedC indicate the contingent and de

graded contingency conditions, respectively; L and M indicate the

loud (i.e., high biological significance) and moderate intensity (i.e.,

low biological significance) conditions, respectively, and Cont in

dicates the group intended to control for unconditioned responding

to the loud CS. Animal care and maintenance, as well as the appa

ratus, were the same as in Experiment I. Enclosures R and V were

counterbalanced within groups.

Procedure
The parameters and procedural details were the same as in Ex

periment 2A, except where otherwise stated. The CS was the white

noise presented at 30 dB above background (i.e., ofhigh biological

significance) for Groups C-L, DegradedC-L, and Cont-L, and

8 dB above background (i.e., of low biological significance) for

Groups C-M and DegradedC-M. The stimulus was 30 sec in dura

tion, and the US was a O.5-sec, l-mA footshock. When signaled by

the CS, the US coterminated with it. Longer CSs, as compared with

those in the other experiments, and cotermination of the CS and US

in this series were used in this study because prior research (Kas

prow, Schachtman, & Miller, 1987) had found that these parameters

provided a strong degraded contingency effect.

Acclimation. Acclimation to the experimental enclosure was

conducted on Days I and 2 during daily 45-min sessions. Acclima

tion was conducted as in Experiments I, 2A, and 3, except for the

shorter sessions.

Conditioning. Conditioning was conducted on Days 3-8 with

the lick tubes removed. During each daily 45-min training session

Groups C-L and C-M experienced three CS-US trials, pseudoran

domly interspersed with three CS-alone trials (i.e., the CS was re-
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Figure 5. Experiment 4. Mean latencies to complete 5 cumula
tive seconds of drinking in the presence of the CS. Groups De
graded C-M and C-M were trained and tested with a CS of mod
erate intensity, whereas Groups DegradedC-L, C-L, and Cont-L
were trained and tested with a CS of high intensity. During train
ing, large numbers of unsignaled reinforcers were delivered only
to the subjects in the degraded condition. Error bars indicate the
standard error of the mean.

inforced on 50% of the trials), whereas Groups Degraded'C-L and

DegradedC-M experienced the same daily pattern ofthree CS-US

trials and three CS-alone trials, but these trials were pseudorandomly

interspersed with 42 daily unsignaled USs (footshocks). None of

these 42 unsignaled USs occurred within 25 sec of a CS-US pair

ing. Group Cont-L received six nonreinforced CS presentations

pseudorandomly interspersed with 42 unsignaled footshocks during

each daily session. The same pseudorandom sequence of trials was

used for Groups DegradedC-L, DegradedC-M, and Cont-L. The

average inter-CS interval was 7 min (range = 5-9 min).

Reacclimation. On Days 9-13, the water-filled lick tubes were

reinserted, and daily 45-min reacclimation sessions were conducted.

More reacclimation sessions were required because the unsignaled

footshocks produced a high level oflick suppression to background

cues that had to be extinguished before testing was possible.

Testing. On Day 14, all subjects were tested for lick suppression

in response to the CS. The test was conducted as in the prior

experiments.

Results and Discussion

Figure 5 depicts the results ofExperiment 4. Less con
ditioned suppression to the CS was observed in Group
DegradedC-M than in Group C-M, whereas Groups De
gradedC-L and C-L displayed similar and high levels of
suppression to the CS. Group Cont-L exhibited a low
level of suppression to the CS, which indicated that the

high level of suppression to the CS observed in Group
DegradedC-L was not an unconditioned reaction to the

intense white noise CS. Thus, Experiment 4 demon
strated that a CS of high inherent biological significance
was not as susceptible to the degraded contingency effect
as was a CS oflow inherent biological significance. The
following analyses support these conclusions.

A one-way ANOVAwith group as the factor conducted
on times to complete the first 5 cumulative seconds of
licking on the test day (i.e., prior to the presentation of
any test stimulus) found no differences between groups
[F(4,55) = 1.83], indicating similar baseline drinking be
havior across groups.

A one-way ANOVA conducted on time to drink for 5
cumulative seconds in the presence of the test CS re

vealed a difference between groups [F(4,55) = 15.06].
A second statistical analysis was performed, which ex
cluded Group Cont-L, in order to take advantage of the
factorial arrangement of the four remaining groups. A 2
X 2 ANOVA with intensity (loud vs. moderate) and con
tingency (contingent vs. degraded contingency) as fac
tors revealed main effects of intensity [F(l,44) = 5.57]
and contingency [F(l,44) = 14.88] and an intensity X

contingency interaction [F(l,44) = 6.44]. Planned com

parisons determined that conditioned suppression to the
CS was lower in Group DegradedC-M than in Group C-M
[F(I,44) = 20.45], but suppression was similar and high
in Groups DegradedC-L and C-L [F(l,44) = 0.87].
Thus, the degraded contingency effect was alleviated by
the use ofa CS with high inherent biological significance.
Notably, the present attenuation of the degraded contin
gency effect with a CS of high biological significance
cannot be attributed to unconditioned fear of an intense
noise, as attested to by the low level of suppression ob
served in Group Cont-L. However, because ofthe contin
gency that existed between X and the US, the low level
of suppression observed in Group Cont-L might reflect
conditioned (differential) inhibition to the intense CS,

rather than merely an absence of unconditioned fear. As
mentioned previously, our data do not speak to this pos
sibility. But the fact that we observed a low level of
responding by the animals in Experiment 1 that received
eight nonreinforced presentations of the same intense
stimulus as opposed to the 36 presentations in the pre
sent experiment suggests that the attenuated amount of
suppression seen here is likely the result of habituation.

GENERAL DISCUSSION

The present series of experiments demonstrates that
Pavlovian cue competition phenomena are attenuated
when CSs ofhigh biological significance are used. First,
we confirmed that our high intensity auditory stimuli elic
ited robust unconditioned responding (Experiment I),
which showed them to be ofhigh biological significance
by our definition. Then we demonstrated that overshad
owing was attenuated by using CSs ofeither high inherent
(Experiment 2A) or acquired (Experiment 2B) biolog-



ical significance. Finally, we extended our findings with
respect to inherent biological significance to the phenom

ena of relative stimulus validity (Experiment 3) and the
degraded contingency effect (Experiment 4). The pres
ent results, in conjunction with Denniston et al.'s (1996)

and Miller and Matute's (1996) findings that forward and
backward blocking are attenuated when cues of high in
herent and acquired biological significance are used,

suggest that the attenuation ofcue competition observed
when the cues are of high biological significance occurs
across most, ifnot all, forms ofcue competition. This con
clusion is also congruent with Mackintosh's (1976) find

ing that cross-modality overshadowing is disrupted when
an intense tone is used as the target CS and a light is used
as the overshadowing CS, and further demonstrates that
his effect can be obtained even when controls for uncon

ditioned responding to the target CS are included. Inci
dentally, consistent with the Rescorla-Wagner (1972)
model and most other recent models ofassociative learn
ing and contrary to Hull (1951) and Kamin (1965), CS in

tensity had little effect on the presumably asymptotic per
formance achieved in our studies by control subjects (see
Figures 2, 4, and 5). That is, there was little difference in
performance between control subjects that received high,

as opposed to moderate, intensity CSs.
Despite the concordance of empirical observations,

the mechanism by which biological significance acts to
attenuate cue competition is still unclear. That is, an under
lying model is needed to flesh out the hypothesis. More
over, one might view what we have described as biolog
ical significance as not being very different from what

others have called attention or cue salience (see, e.g.,
Broadbent, 1958; Mackintosh, 1975). Surely, the present
concept ofbiological significance suggests processes that
would be expected to command a high degree of atten
tion. Indeed, these two hypothetical variables may ulti
mately prove to be identical. However, we hesitate at this

time to simply equate biological significance with atten
tion because this would blind us to potential differences
between the two concepts.

The procedures and experimental designs used in the
present research did not allow us to determine whether the
absence of cue competition observed with stimuli pos
sessing inherent or acquired biological significance re
flects complete protection against cue competition start
ing with the early compound training trials or whether
cue competition waned over the training trials. Both over
shadowing (Bellingham & Gillette, 1981) and blocking
(Azorlosa & Cicala, 1988) are known to wane with in
creasing numbers ofcompound training trials. Ifthis wan
ing ofovershadowing and blocking stimuli reflects an as
ymptotic state and cues that are biologically significant at
the start ofthe compound trials ofcue competition treat
ment reach an asymptotic associative value more rapidly
than cues of low biological significance, in Experiments
2A and 2B we might possibly have observed overshad
owing with biologically significant cues if we had given
fewer compound training trials. Thus, there is empirical
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reason to at least entertain the possibility that fewer com

pound trials than we used in Experiments 2A and 2B
might have yielded cue competition in the high biologi
cal significance condition, as well as the low biological

significance condition. Nevertheless, with the present
number of training trials in Experiments 2A and 2B, bi
ologically significant stimuli were protected against
overshadowing.

To our knowledge there is no reported data indicating
whether large numbers of training trials also weaken the
relative validity effect or the degraded contingency ef

fect. However, the relative validity and degraded contin
gency effects are predicted by most contemporary learn
ing theories (e.g., Rescorla & Wagner, 1972) to develop
as asymptotic behavior is approached and not to be as
evident during early parts of training. Is it possible that

the results of Experiments 3 and 4 can be accounted for
by this prediction (i.e., might the cues of low biological
significance have been closer to asymptote at test than
were the cues of high biological significance)? Two fac

tors argue against this possibility. First, we used param
eters that in unpublished preliminary studies using cues
ofmoderate auditory intensity resulted in asymptotic be
havior for these two effects (i.e., 144 training trials of
relative validity treatment in Experiment 3, and 36 CS
plus 252 unsignaled US presentations during degraded

contingency treatment in Experiment 4). Second, con
temporary learning theories all predict that the rate ofac
quisition will increase with the salience ofthe cues being
trained. Increasing intensity presumably increases sa
lience. Thus, these theories anticipate that groups trained
with the loud CSs should have been closer to asymptote
than the groups trained with the moderate intensity CSs,
given the same number of training trials, and conse

quently should have been more apt to exhibit the relative
validity and degraded contingency effects. Clearly this
is contrary to our observations. Hence, even if training was
not asymptotic, these learning theories are not able to ac
count for the present findings ofExperiments 3 and 4 based
on training being subasymptotic. Indeed, they predict a
bias against the effects that we observed.

Contemporary theories of learning, such as those of
Mackintosh (1975), Pearce (1987), Pearce and Hall (1980),
and Rescorla and Wagner (1972), predict that no cue com
petition will occur on the first compound trial of over
shadowing, and Mackintosh (1975) and Pearce and Hall
(1980) make a similar prediction for the first compound
trial (with the target CS) in the relative validity and block
ing procedures. Thus, these models can account for the
protection from cue competition that is afforded by what
we call inherent biological significance by assuming that
intense CSs (i.e., high inherent biological significance)
have high values of associability, which thereby allows
them to acquire more associative strength on the first
compound trial of a cue competition preparation. More
problematic for this type ofaccount is Experiment 2B, in
which the target CS that was protected against overshad
owing was not of high intensity. However, some of the
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aforementioned models allow the associability ofCSs to

change (Mackintosh, 1975; Pearce & Hall, 1980), whereas

others do not (Pearce, 1987; Rescorla & Wagner, 1972).

Models that assume that a CS's associability is constant

cannot account for the observations in Experiment 2B,

which demonstrated that acquired biological significance

also provides protection against overshadowing. Among

models that allow a CS's associability to change, Mack

intosh assumed that consistent pairings of a CS with a

US (saccharin in this case) increase the CS's associabil

ity, which can account for the results of Experiment 2B

on the basis ofgreater acquisition on the first AX-shock

trial. In contrast, Pearce and Hall assumed that consistent

pairings ofa CS with a US decrease the CS's associabil

ity, which leads to the contrary prediction for the first

compound trial. But according to Pearce and Hall, the

surprise value of the shift from saccharin to shock would

be expected to increase associability on subsequent com

pound trials; hence, Pearce and Hall (as well as Mackin

tosh) can account for all of the present results. However,

neither Mackintosh's model nor Pearce and Hall's model

correctly anticipate the role of biological significance in

determining the conditions under which backward block

ing (i.e.,AX-US trials prior to A-US trials) will occur (Den

niston et al., 1996; Miller & Matute, 1996).

Importantly, we have identified two manipulations

(i.e., cue intensity and conditioning) for making a CS bi

ologically significant, thereby demonstrating that biolog

ical significance is not merely a synonym for a single

manipulation. Perhaps the common feature of inherent

and acquired biologically significant CSs is that both types

of cues already convey information that is directly rele

vant to the homeostatic status ofthe subject, and therefore

are given high priority in processing. A cue is presum

ably encoded (and retrieved) on the basis of its multiple

attributes, not only on the basis of its perceptual features

(e.g., color, shape, intensity, etc.), but also on its affective

attributes (e.g., pleasant, unpleasant, biologically signif

icant, etc.). Surprisingly, this is a well-established notion

in the human literature (for reviews, see Baeyens, Eelen,

& van den Bergh, 1990; Blaney, 1986; Bower, 1992, as

well as some ofthe classical conditioning studies by Mar

tin & Levey-e.g., Levey & Martin, 1975), but not in the

nonhuman literature.

Wagner and Brandon's (1989) AESOP model encom

passes a construct that may be close to what we mean by

"biological significance." AESOP postulates that the as

sociative links of a given stimulus are encoded with re

spect to two distinctive memory representations, one be

ing perceptual (sensory) and the other being emotive.

Roughly speaking, AESOP assumes that during CS-US

pairings, sensory-sensory, sensory-emotive, and emo

tive-emotive associations will be formed, with the ob

served conditioned response reflecting the summation of

these different associations. In some sense, AESOP's

emotive attribute of stimuli resembles our concept ofbi

ological significance. But AESOP does not attribute any

sort ofprotection against cue competition to emotive value

(but see Baeyens et aI., 1990, for an argument that ac

quired affective value cannot be decreased).

The foregoing speculation notwithstanding, we are

not at this point prepared to propose a principled theo

retical framework that can account for the finding that

cues with high biological significance are protected

against cue competition. Before trying to incorporate the

concept ofbiological significance into a broader theoret

ical framework, it would probably be prudent to further

examine the impact ofbiologically significant stimuli in

other Pavlovian preparations (e.g., Gunther et aI., 1997).

One could argue that we should temper our conclusion

that cues of high biological significance are protected

against cue competition when we consider conditioned

taste aversion. One might expect that all flavors would be

cues ofinherently high biological significance to animals,

and, hence, would be relatively immune to cue competi

tion. Nevertheless, there are several reports of blocking

and overshadowing of flavors (e.g., Bonardi, Honey, &

Hall, 1990; Revusky, 1971). However, those experiments

did not study parametric manipulations of the concen

tration of the target flavor to see whether blocking and

overshadowing decrease with increasing concentration

of the target flavor as is seen with increasing intensity in

other stimulus dimensions (auditory intensity in our case).

Additionally, when associated with a weak stimulus such

as a mild odor, flavor has been repeatedly shown to po

tentiate, rather than to overshadow, the association be

tween the odor and the US (the so-called taste-potentiated

odor aversion effect, see Durlach & Rescorla, 1980;

Rusiniak, Hankins, Garcia, & Brett, 1979). Without en

tering into a detailed discussion concerning the mecha

nisms that might explain taste potentiation, we note that

taste-potentiated odor aversion is a possible example of

biologically significant stimuli being immune to cue com

petition. Therefore, we are cautious about objections

based on the view that the conditioned taste aversion lit

erature demonstrates that high biological significance

does not protect a stimulus from cue competition (see Fou

quet, Oberling, & Sandner, 2000, for a recent reanalysis

of the problem of biologically significant CSs within

conditioned taste aversion).

There is one phenomenon that may pose a challenge to

the hypothesis that biologically significant cues are pro

tected against cue competition. This is the overexpectation

effect, which has been most convincingly demonstrated

by Lattal and Nakajima (1998). The overexpectation ef

fect consists ofa pretrained target CS (A) losing response

eliciting potential as a result ofbeing reinforced in com

pound with another pretrained CS (i.e., after A ~ U S and

B~US trials, A B ~ U S t r i a l s decrease responding to A

relative to the absence of A B ~ U S trials). If one views B

as competing with A for behavior control, the observed

decrease of responding to A, which after initial training

did elicit conditioned responding, appears problematic

for our hypothesis. However, the overexpectation effect

differs from other forms ofcue competition. In the over

expectation procedure, there is presumably a shift in the



focal training context ofCS A (i.e., from the background
cues alone to CS B); whereas in the other forms of cue
competition, there is no shift in the context of the train
ing CS (it is consistently the competing CSs). Future re

search will be necessary to determine the seriousness of

this challenge.
The present experiments demonstrate that cues that

control vigorous responding are relatively immune to

most cue competition effects. This protection against cue
competition can be either an inherent quality (e.g., Exper
iments 2A, 3, and 4) or an acquired quality (e.g., Ex
periment 2B) ofthe CS. We here have used the term bio

logical significance to provide a unified variable for these
qualities. One might ask if biological significance is per
fectly reflected in the potential ofa cue to elicit vigorous

responding. Other research in our laboratory (Blaisdell
et aI., 2000) has been conducted to investigate this issue
by examining whether protection against cue competi
tion survived experimental extinction, which degraded
conditioned responding to the target CS. Specifically,

Blaisdell et al. asked whether protection from cue com
petition decreases if the acquired response-eliciting po
tential of a CS is reduced through extinction prior to the
cue competition treatment. They found that massive ex
tinction treatment did reduce protection from cue compe
tition, but that a moderate amount ofextinction treatment,
although sufficient to eliminate conditioned responding,
left intact protection from cue competition. Thus, elimi
nation of what we here have called the biological signif
icance of a CS appears to require more extinction trials
than are required to eliminate conditioned responding to
the CS. Hence, the potential ofa CS to elicit responding
appears to be a good but not perfect indicator of the CS's
immunity to cue competition. Blaisdell et al. also found

that CSs are protected against cue competition ifthey are
biologically significant at the time oftesting; that is, they
need not have been biologically significant at the time of
cue competition treatment in order to receive this protec
tion. They demonstrated this by pairing a CS with an ap
petitive US following overshadowing treatment with an
aversive US. These pairings ofthe CS with an appetitive
US actually enhanced responding to the CS appropriate

to the aversive US.
In addition to the aforementioned phenomena, Den

niston et al. (1996) and Miller and Matute (1996) demon
strated that the concept ofbiological significance can ac
count for the difficulty in obtaining a backward blocking
effect (AX-US, followed by A-US), in contrast to the
ease of obtaining a forward blocking effect (A-US, fol
lowed by AX-US). Thus, biological significance ap
pears to provide a unified account of several diverse
phenomena. Currently, there does not seem to be any al
ternative to biological significance as a variable that
fully captures the quality affording a CS protection from
cue competition. Given the pervasiveness of the protec
tion against cue competition afforded by biological sig
nificance that was demonstrated in the present experi-
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ments, it seems likely that future models of associative
learning and behavior will have to incorporate this vari
able or at least one like it.
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NOTE

I. The concept ofbiological significance should not be confused with

that of biological relevance (otherwise known as "preparedness"),

which refers to a predisposition toward association between two stim

uli (Foree & LoLordo, 1973, 1975; Garcia, 1989; Garcia & Koelling,

1966; LoLordo, Jacobs, & Foree, 1982).
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