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Variable processing of flavors in rat STM

DEREK ROBERTSON and PAUL GARRUD
University ofSt. Andrews, St. Andrews, Scotland

Hooded Lister rats exhibited less neophobia towards (i.e., drank more of) a novel fluid (3%
lemon or 5% sucrose) on a to-min test if given a 5-min exposure to that fluid 6 h earlier. Pre
sentation of a distractor (1.25% coffee) immediately after preexposure to the test solution en
hanced neophobia habituation to lemon (Experiment 1), but disrupted habituation to sucrose
(Experiment 3). This bidirectional distractor effect was not due to distractor-induced change in
the hedonic value of the preexposed test flavor (Experiment 4). Evidence was obtained (Experi
ment 5) indicating that the rat perceives lemon to be more similar to coffee than is sucrose. It is
suggested thatwhen test flavor anddistractor are dissimilar, processingof the distractordenies the
preexposed test flavor sufficient processing in STM to allow encoding of information about that
flavor in LTM. Consequently, the rat responds to a subsequent presentation of the test flavor as
it would to a novel stimulus. When test flavor and distractor are similar, however, the distractor
elicits less processing in STM [cf. Wagner, 1976)and is therefore less able to disrupt STM pro
cessing of the preexposed test flavor. The resultant loss of neophobia to the test flavor resulting
from encoding of information about that flavor in LTM may then be augmented by generaliza
tion of attenuated neophobia to the distractor. Consistent with this analysis, coffee was shown
to suffer more proactive interference when preceded by lemon than when preceded by sucrose
(Experiment 6).

Exposure of an organism to repeated presentation
of a test stimulus results in a diminution of the un
conditional response elicited by (i.e., habituation to)
that stimulus. If another (distractor) stimulus is ex
perienced after presentation of the test stimulus, how
ever, habituation to the test stimulus is disrupted, that
is, "dishabituation" occurs (pavlov, 1927). Thompson
and Spencer (1966) argued that a distractor stimulus
did not act to restore responding uniquely to an ha
bituated stimulus, but instead produced a nonspecific
increment in responding to all stimuli by increasing
the level of excitation or arousal. In other words,
purported demonstrations of dishabituation were in
fact examples of sensitization. Two studies (Green &
Parker, 1975; Whitlow, 1975) have reported results,
however, that cannot readily be explained by invok
ing a sensitization process.

Green and Parker (1975) demonstrated that habit
uation of the neophobic response of the rat towards a
test solution with which it had had prior experience
could be disrupted by presentation of a different
novel fluid during the interval separating preex
posure to the test solution and the neophobia test.
Dishabituation of the neophobic response to the test
solution occurred if the distractor was presented
shortly after the preexposure presentation of the test
solution. Contrary to what one might expect if sen-
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sitization were responsible for restoration of the
neophobic response to the test solution, experiencing
the distractor shortly before presentation of the test
solution on the neophobia test did not enhance neo
phobia towards the test solution. In the Whitlow
(1975) study, habituation of the unconditional vaso
constriction response of the rabbit to a novel tone
was attenuated by interpolation of a visual-tactile
stimulus between repeated presentations of the tone.
The visual-tactile distractor, however, did not
enhance responding to a nonhabituated tone. In
other words, the distractor removed a stimulus
specific response decrement without appearing to
have a general sensitizing effect. Both the Green and
Parker (1975) and the Whitlow (1975) data, there
fore, indicate that the mechanism by which a dis
tractor disrupts habituation to a test stimulus may be
more complex than that encompassed by the notion
of sensitization.

In the experiments reported here we examined fur
ther the dishabituating effect of a distractor using a
flavor neophobia design similar to that used by
Green and Parker. It was found that a distractor
need not always disrupt habituation to a test stim
ulus. Instead, the opposite effect may be obtained,
vis., habituation to a test stimulus may be enhanced
by presentation of a distractor. Whether a distractor
disrupts or enhances habituation to a test stimulus
appears to depend on the stimulus characteristics of
the distractor and the test stimulus. It is suggested
that Wagner's (1976) model of stimulus processing
offers a way of explaining the bidirectional effect of
a distractor.
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EXPERIMENT 1

Green and Parker (1975) found that the reluctance
of rats to drink a novel flavor solution (i.e., neo
phobia) was attenuated by a brief exposure to that
flavor 6 h prior to the test of neophobia. Rats that
experienced a second novel flavor immediately after
preexposure to the test flavor, however, showed an
increased reluctance to ingest the test flavor on a sub
sequent occasion as compared with rats preexposed
to the test flavor without a distractor. Green and
Parker assumed that consolidation of the memory
trace of the preexposed test flavor in long-term
memory (LTM) was disrupted by presentation of the
distract or . The test flavor was thus more novel (and
hence elicited more neophobia) on the subsequent
test for rats that had experienced a distractor than it
was for rats that had not experienced a distractor fol
lowing preexposure to the test flavor.

Our original intention was to investigate the merit
of an alternative stimulus-generalization-decrement
account of the distractor effect obtained by Green
and Parker. As a prelude to doing so, it was decided
to replicate the Green and Parker (1975) study using
flavor solutions different from those used in that
study in order to test the generality of the effect. The
flavor solutions used in Experiment 1 (i.e., 3'10 lemon
and 1.25'10 coffee) and the relative concentration of
each were chosen because they have been commonly
used in studies of neophobia and taste aversion learn
ing and were readily available commercially. In addi
tion to the flavor solutions used, Experiment 1 dif
fered from the Green and Parker study in other pro
cedural details, including subjects (Lister vs. Wistar
rats), context in which flavors were presented (drink
ing chamber vs. home cage), and type of test (single
bottle vs. two-bottle presentation).

Method
SubJectI. Twenty-four male Lister rats (l6S-232 g) were housed

in wire-topped plastic cages with dry food pellets continuously
available. The room containing the home cages was illuminated on
a 12/12-h light/dark cycle (lights on at 0700 h).

AppanlUl. Testing took place in four open-topped boxes (2Sx
2Sx 40 em) made of black Perspex with a grid floor. A So-ml cali
brated drinking tube was attached to the outside front wall of the
test box by a steel clip, with the nozzle protruding into the box via
a hole situated 10 em from the side and 6 em from the floor of the
box. The test boxes were located in a room separate from that in
which the home cases were housed.

Procedure. Three days prior to the start of the experiment, ac
cess to water in the home cage was restricted to the period IS30
1600 h. On Experimental Days 1-3, commencing at IS30 h, each
rat was placed in the test box for 10 min and allowed to drink from
the calibrated drinking tube. This was intended to habituate rats to
the apparatus. Following removal from the text boxes, the rats
were returned to the home cage and given 2o-min access to water.
The amounts of water consumed in the test box on Days 1-3 were
averaged for each rat and divided by its weight. The resulting
ratios were rank-ordered and used to assign rats to three groups of
eight rats each (i.e., Group PD = preexposed with distractor;
Group P = preexposed; Group NP = not preexposed).
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Commencing at 0930 h on Day 4, the test day, Group PD was
given a S-min presentation of a novel 3"'0 (v/v) lemon solution
followed immediately by a S-min presentation of a novel 1.2SOJo
(w/v) coffee solution. Group P received a similar S-min presenta
tion of lemon solution followed by presentation of distilled
water. Each rat in Group P was matched as closely as possible in
terms of weight with a rat in Group PD. The amount of water con
sumed by rats in Group P was equated with the amount of coffee
consumed by the matched-weight controls in Group PD. The third
group, Group NP, drank only water during preexposure, the
amount of water consumed by each rat in Group NP being equated
with the total amount of lemon and coffee solution consumed dur
ing preexposure by matched-weight controls in Group PD. Six
hours later, the rats were returned to the test box and presented
with the 3"'0 lemon solution. The amount consumed during a 10
min period was recorded. A summary of the experimental proce
dure is provided in Table 1.

Results and Discussion
The three groups did not drink equivalent amounts

of lemon on the to-min test (see Table 1). A one
way ANOVA confirmed that these differences were
reliable [F(2,21) =9.88, p < .001]. Pairwise compari
sons using Duncan's multiple range test indicated
that Group NP drank significantly less lemon than
did either Group P (p < .05) or Group PD (p < .01).
Thus, preexposure to the test flavor attenuated neo
phobia to that flavor on a subsequent occasion, as re
ported by Green and Parker (1975). The most inter
esting outcome of Experiment 1, however, was the
performance of Group PD, which drank significantly
more lemon than did Group P (p < .05).

The enhanced attenuation of neophobia exhibited
by Group PD in Experiment 1 is contrary to the re
sult of the Green and Parker (1975) study, which
found that a distractor disrupted attenuation of neo
phobia to a preexposed novel flavor. It is inconsistent
with the view of Green and Parker that a distractor
disrupts processing of the test flavor in STM, thereby
preventing information about the test flavor gaining
access to LTM. Some other explanation of the en
hanced habituation of neophobia produced by the
distractor in Experiment 1 is thus required.

A number of experimental manipulations have
proven effective in attenuating flavor neophobia in
rats. For example, handling in infancy (Weinberg,
Smotherman, & Levine, 1978), experience of novel
environments (Braveman, 1978), prior presentation
of flavors other than the test flavor (Braveman &
Jarvis, 1978; Capretta, Petersik, & Stewart, 1975;
Siegel, 1974), and prior exposure to various odors
(Hennessy, Smotherman, & Levine, 1977) all reduce
neophobia to a test flavor. These experiments appear
to suggest that prior experience of novel stimulation
(regardless of its nature) is sufficient to attenuate
flavor neophobia in rats. Accordingly, it was decided
to test the hypothesis that Group PD showed less
neophobia to the lemon solution than did Group P in
Experiment 1 because Group PO drank more novel
fluid during the preexposure phase than did
Group P.
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Table 1
Design and Results of Experiments 1, 2, 3, and 4

Stimulus Test Consumption (in milliliters)

Group Preexposed Distractor Test Mean SE

Experiment 1

PD lemon coffee lemon 8.06 .70
P lemon water lemon 6.11 .74
NP water water lemon 4.19 .32

Experiment 2
PD lemon coffee lemon 3.20 .31
P lemon lemon lemon 3.85 .49
G coffee coffee lemon 3.30 .45

Experiment 3
PD sucrose coffee sucrose 8.23 .69
p sucrose water sucrose 11.74 1.17
NP water water sucrose 7.70 1.07

Experiment 4
PD coffee sucrose coffee 5.23 .27
P coffee water coffee 6.54 .29
NP water water coffee 5.06 .51

Note-Pi) = preexposed with distractor; P = preexposed; NP =not preexposed; G = generalization.

EXPERIMENT 2

If the enhanced attenuation of neophobia observed
in Experiment 1 was the result of Group PO's drink
ing more novel fluid during preexposure than did
Group P, ensuring equivalent intake of novel flavor
solution during the preexposure phase should elimi
nate this effect. Accordingly, three groups of rats
were given a lO-min test of neophobia to the lemon
solution. Two of these groups, Groups PD and P,
were treated in much the same way as the corre
sponding groups of the same name in Experiment 1,
with the exception that Group P did not receive a
water distractor after preexposure to lemon, and the
amount of lemon and coffee drunk by Group PO
during preexposure was not allowed to exceed the
amount of lemon solution drunk by Group P. The
third group, Group G, was preexposed to an amount
of coffee solution equivalent to the amount of lemon
drunk by Group P during preexposure. Group G was
added to test whether the attenuation of neophobia
to lemon observed in Group P depended upon prior
exposure to the lemon solution.

Method
In all unspecified details, the procedure and apparatus in Ex

periment 2 were identical to those of Experiment I.
Subjects. The subjects were 18 female Lister rats (116-198 g),

housed and maintained in the same way as the rats in Experi
ment I.

Procedure. Each rat in Group P was matched with a rat of sim
ilar weight in Groups PD and G (where G = generalization). A
summary of the experimental procedure is provided in Table 1.

On the test day, rats in GroupP (n=6) were given a S-min pre
sentation of 30J'o (v/v) lemon solution. Rats in Group G (n = 6)
were presented with 1.2SOJ'o (w/v) coffee solution, and rats in
Group PD (n = 6) were presented with the lemon, followed immedi
ately by an equal amount of the coffee solution. The total amount

of fluid rats in Groups G and PD were allowed to drink during the
preexposure phase was not allowed to exceed the amount of lemon
solution drunk by matched-weight control rats in Group P. Six
hours later, all rats were given a lo-min presentation of the lemon
solution.

Results and Discussion
It is clear from Table 1 that the three groups did

not differ in the amount of lemon solution they
drank on the neophobia test. This was confirmed by
a one-way ANOVA [F(2,15) = .69, p > .IOJ.

That Group PD did not differ from Group P sup
ports the hypothesis that the enhanced habituation of
neophobia towards the lemon solution exhibited by
Group PD, relative to that shown by Group P, in Ex
periment 1 was a result of Group PO's drinking more
novel fluid during the preexposure phase than did
Group P, that is, experience of novelty per se reduces
neophobia towards a novel fluid. The comparable
amount of lemon ingested by Groups P and G is con
sistent with this hypothesis, indicating as it does that
the strength of neophobia exhibited towards lemon is
little influenced by the identity of the solution ex
perienced during the preexposure phase.

Such an explanation of the enhanced habituation
effect obtained in Experiment 1 is, however, unsatis
factory in one important respect: it does not explain
why rats given a distractor in the Green and Parker
(1975) study did not show a similar enhanced at
tenuation of neophobia given that they also experi
enced more novel flavor solution during preexposure
than did rats preexposed to the test flavor without a
distractor. With this in mind, an alternative interpre
tation of the performance of Group G in Experi
ment 2 is of interest. The comparable amount of
lemon solution ingested by Groups G and P may in-



dicate that to the rat a 3010 lemon solution is suf
ficiently like a 1.25% coffee solution for loss of neo
phobia to one flavor to generalize to the other.
Therefore, Group PD may have shown less neo
phobia than did Group P in Experiment 1'0 because
loss of neophobia to the distractor generalized to the
test flavor and summated with loss of neophobia to
the preexposed test flavor itself.

EXPERIMENT 3

Recently, Wagner (1976) has proposed a model of
stimulus processing that appears able to account for
both the disruption of neophobia habituation by a
distractor that was reported by Green and Parker
(1975) and the enhanced habituation of neophobia
by a distractor that was obtained in Experiment 1.
The model assumes a limited-capacity STM in which
stimuli must first be processed before gaining access
to LTM. It is further assumed that the amount of
processing a stimulus receives in STM depends on its
surprise value to the organism: the greater the dis
crepancy between the contents of STM and informa
tion about a stimulus entering in to STM, the more
surprising the occurrence of that stimulus will be and
hence the more processing it will command.

Both retroactive and proactive interference of
STM processing of events are recognized by the
model. Because of the limited capacity of STM, the
processing commanded by an unexpected event may
disrupt processing of immediately preceding events in
STM. At the same time, the amount of processing a
stimulus commands on entry to STM is subject to
proactive interference from items already present in
STM. The greater the similarity between an incom
ing stimulus and the stimuli already present in STM,
the less processing the incoming stimulus will attract
and the less its ability therefore to retroactively in
terfere with processing of items already present in
STM.

The model predicts, therefore, that a distractor
dissimilar to a test flavor will suffer less proactive
interference than a distractor that is similar to the test
flavor. Consequently, in the former case, the dis
tractor will elicit more processing and hence will be
more likely to retroactively disrupt STM processing
of the test flavor, thereby preventing information
about the test flavor from reaching LTM and dis
rupting habituation of neophobia to the test flavor.

In contrast, when the distractor and the test flavor
are similar, as may have been the case in Experi
ment 1, proactive interference from the test flavor
will reduce the amount of processing accorded to the
distractor, thereby reducing its ability to retroactively
disrupt the STM processing necessary for transfer of
information about the test flavor to LTM. Loss of
neophobia to the test flavor as a result of its encod-
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ing in LTM might then be augmented by loss of neo
phobia to the distractor generalizing to the test flavor
to produce an enhanced habituation effect like that
observed in Experiment 1.

To test the possibility that the direction of a dis
tractor effect is determined by the stimulus char
acteristics of the test flavor and the distractor, Ex
periment 3 replicated the conditions of Experiment 1,
but with a test flavor assumed to be more dissimilar
to the coffee distractor than was the lemon solution
used in the previous experiments. Both the lemon and
the coffee solutions possessed a strong odor, and
while the lemon solution, at least to human senses,
did not have any noticeable taste, the coffee tasted
bitter. Thus, an odorless, sweet-tasting fluid (5%
sucrose) was chosen as the test flavor in Experiment 3
on the assumption that the rat would perceive it to
be less similar to the coffee distractor than was the
lemon solution. Group NP, which was not preex
posed to sucrose, was expected to drink less sucrose
on the neophobia test than did Group P. The compar
ison of prime interest, however, is that of Group PD
with Group P. If the prediction derived from Wagner's
stimulus processing model is correct, then one would
expect Group PD to drink less sucrose on the neo
phobia test than Group P.

Method
In all unspecified details, the procedure and apparatus were

identical to those of Experiment I.
Subjects. The subjects were 20 female Lister rats (133-185 g),

housed and maintained in the same way as the rats in the pre
vious experiments.

Procedure. A summary of the experimental procedure is pro
vided in Table 1. On the test day, rats in Group P (n = 7) and
Group PD (n = 7) were given a 5-OOn presentation of 5070 (w/v)
sucrose solution. This was followed immediately, in the case of
Group PD, by a 5-min presentation of 1.25070 (w/v) coffee solu
tion; rats in Group P were presented with an amount of water
equivalent to the amount of coffee ingested by matched-weight
control rats in Group PD. Rats in Group NP (n=6) were allowed
to drink an amount of water equivalent to the total amount of
sucrose and coffee ingested by matched-weight control rats in
Group PD. Six hours later, all rats were given a to-min presenta
tion of 5070 sucrose solution.

Results and Discussion
The three groups did not drink comparable

amounts of sucrose on the neophobia test (see Ta
ble 1). A one-way ANOVA indicated these differ
ences to be reliable [F(2,17)=4.93, p < .05J. A pos
teriori comparisons with Duncan's multiple range
test (using a harmonic mean because of unequal N)
indicated that Groups PD and NP did not differ
from one another in the amount of sucrose ingested
(p > .10), but both groups drank reliably less su
crose than did Group P (p < .05).

Preexposure to the test solution again attenuated
neophobia towards that solution on a subsequent
occasion, as is evident from the fact that Group P
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drank more sucrose on the neophobia test than
did Group NP. Of more interest, however, is the
performance of Group PO, which drank signifi
cantly less sucrose than did Group P. In other words,
presentation of a distractor disrupted the attenua
tion of neophobia resulting from preexposure to the
sucrose. This result makes it unlikely that the en
hanced attenuation of neophobia obtained by use
of a distractor in Experiment 1 was the result of
Group PO's having drunk more novel fluid during
preexposure than did Group P. Instead, the perfor
mance of Group PO in Experiment 3 points to stim
ulus characteristics of the test flavor interacting
with those of the distractor to disrupt or enhance at
tenuation of neophobia towards a preexposed test
solution.

EXPERIMENT 4

The results of Experiment 3 conformed nicely to
those expected on the basis of Wagner's (1976) model
of stimulus processing. An alternative hypothesis as
to the cause of the bidirectional distractor effect ob
served in Experiments 1 and 3 must, however, be
acknowledged: presentation of two solutions in close
temporal proximity may produce a symmetrical
change in the hedonic value of each solution as a
consequence of its association with the other. In
terms of the preceding experiments, therefore, if rats
initially prefer sucrose to coffee, and coffee to
lemon, then the attractiveness of the lemon solution
may have been increased and that of the sucrose de
creased by virtue of their association with the coffee.

Fortunately, we possessed data from a pilot study
in which two groups of rats, Groups NP and P, were
tested with a 1.2S% coffee solution. As a preliminary
check of the hedonic change hypothesis, Group NP
of this pilot study was compared with Group NP of
Experiment 1 and Group NP of Experiment 3. If the
hedonic change hypothesis was correct, one would
expect to find that rats drank less lemon than coffee,
and less coffee than sucrose (i.e., lemon < coffee <
sucrose). In fact, the mean amounts of the three solu
tions ingested were: lemon (n =8) = 4.2 ml, coffee
(n=8)=4.4 ml, and sucrose (n=6)=7.7 ml [F(2,19)
=9.94, p < .001]. Duncan's multiplerange test in
dicated that ingestion of sucrose was significantly
greater than that of coffee or lemon (p < .01), which
did not differ from one another.

Although this method of assessing the hedonic
value of lemon, coffee, and sucrose to the rat has
certain limitations, the results of this comparison
were of sufficient interest to suggest the desirability
of an experiment specifically designed to test the
hedonic change hypothesis. Accordingly, the condi
tions of Experiment 3 were replicated using coffee as
the test flavor and sucrose as the distractor. If the
hedonic change hypothesis is correct, one would ex
pect enhanced habituation of neophobia towards

coffee because the coffee solution ought to become
more attractive by virtue of its association with the
more preferred sucrose solution. In contrast, the
Wagner hypothesis would predict disruption of neo
phobia habituation similar to that observed in Ex
periment 3, since the order of presentation should
not alter the degree to which the coffee and sucrose
solution differ from one another (and hence the
amount of proactive interference suffered by the dis
tractor on entry to STM and the amount of distractor
induced retroactive interference with processing of
the test flavor).

Method
In all unspecified details, the procedure and apparatus were

identical to those of Experiment 1.
Subjects. The subjects were 23 female Lister rats (124-184 g),

housed and maintained in the same way as the rats in the previous
experiments.

Procedure. A summary of the experimental procedure is provided
in Table 1. On the test day, rats in Group P (n=8) and Group PD
(n = 8) were given a S-min presentation of 1.2SOfo (w/v) coffee solu
tion. This was followed immediately, in the case of Group PO, by
a S-min presentation of SOfo (w/v) sucrose solution; the rats in
Group P were presented with water equivalent in amount to the
sucrose consumed by matched-weight control rats in Group PD.
Rats in Group NP (n = 7) were allowed to drink an amount of
water equivalent to the total amount of coffee and sucrose con
sumed by matched-weight control rats in Group PD. Six hours
after the preexposure phase, all rats were given a IO-min presenta
tion of the coffee solution.

Results
The amounts of coffee ingested on the 10-min neo

phobia test are shown in Table 1. It is clear that the
three groups did not drink equivalent amounts
[F(2,20)=S.19, p < .OS]. Duncan's multiple range
test indicated that Group P drank significantly more
coffee than did either Group PO or Group NP (p <
.OS); the latter two groups did not differ from one
another.

As in previous experiments, significant habituation
of neophobia occurred as a result of preexposure to
the test flavor prior to the neophobia test (Group P
vs. Group NP). Of more interest, however, is the per
formance of Group PD. This group drank less coffee
than did Group P and did not differ from Group NP,
which had no opportunity to drink coffee prior to the
neophobia test. This result is contrary to that pre
dicted by the hedonic change hypothesis, which ex
pected Group PO to drink more coffee than did
Group P. The hedonic change hypothesis does not
appear, therefore, to be an adequate explanation of
the bidirectional distractor effect observed in Experi
ments 1 and 3. The disruption by the distractor of at
tenuated neophobia to the preexposed coffee solu
tion in Experiment 4 was, however, exactly as pre
dicted by the Wagner hypothesis.

Discussion
A potentially important confound in the preceding

experiments that must be addressed is the possibility



that groups differed in the extent to which they ha
bituated to contextual cues prior to the neophobia
test. Although all rats had had equivalent experience
of the test box prior to administration of any novel
fluid (i.e., 3 x 10 min), matching fluid intake across
groups resulted in rats' spending an unequal amount
of time in the test box during preexposure to novel
solutions. This was so because it took rats less time to
drink a fixed amount of water than it took them to
drink an equivalent amount of novel solution. Thus,
although rats preexposed to a test solution and a
novel distractor (Group PO) always spent 10 min in
the test box rats preexposed to a test solution with a
water distr~ctor (Group P) or rats presented with
only water during the preexposure phase (Group NP)
spent less time in the test box. For the companson of
major concern in these experiments, that is, Group PO
versus Group P, this difference was comparatively
small; Group P, on average, spent from 1 to 1.5 min
less in the test box during the preexposure phase than
did Group PD. Taking into account the time spent
accustoming rats to drink in the apparatus prior to
the administration of novel fluids, the resulting dif
ference between Groups PO and P in terms of total
exposure to the contextual cues provided by the test
box (40 min vs. from 38 to 38.5 min, respectively)
prior to the neophobia test appears insignificant.
Nevertheless the possibility exists that even so small
a difference might have been of consequence in deter
mining the strength of neophobia rats exhibited to a
novel fluid presented in that context.

Mitchell, Winter, and Moffitt (1980) have demon
strated that habituation to contextual cues may en
hance the strength of neophobia exhibited by rats to
a novel flavor presented in that context. Thus, the en
hanced neophobia towards the test solution exhibited
by Group PO, relative to that shown by Group P, in
Experiments 3 and 4 may be attributable, at least in
part, to greater habituation to contextual cues in
Group PD. Differential habituation to contextual
cues cannot, however, explain the pattern of results
obtained in Experiment 1, in which Group PO
showed less rather than more neophobia towards the
test solution than did Group P, despite the fact that
Group PO had greater total experience of the test box
than did Group P. If differential context habituation
operated upon the strength of neophobia expressed
toward a novel fluid in Experiment 1, in the same
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way as that reported by Mitchell et a1. (1980), this
would imply that Experiment 1 underestimated the
potential for increased attenuation of neophobia in
Group PD. Although, therefore, level of habituation
to the apparatus may be confounded with preex
posure experience of novel fluids in the above experi
ments, differential context habituation is unable to
account for the bidirectional distractor effect ob
served.

EXPERIMENT 5

Sucrose was chosen as the test flavor in Experi
ment 3 because it was assumed to be less similar to
the coffee distractor than was the lemon solution
used in Experiment 1. Since the explanation offered
for the bidirectional distractor effect obtained in Ex
periments 1 and 3 focuses on assumed differences be
tween the lemon and sucrose solutions in their degree
of similarity to the coffee distractor, it was deemed
prudent to obtain objective evidence in support of
this assumption. Accordingly, one group of rats,
Group E, was injected with lithium chloride after
drinking coffee solution. Later the rats were offered
the choice of drinking either lemon or sucrose solu
tion. If lemon solution is indeed more similar to cof
fee than is sucrose, one would expect the conditioned
taste aversion to coffee to generalize more to lemon
than to sucrose. Group E should therefore exhibit a
greater preference for sucrose than for lemon. A
second group, Group C, was also injected with lith
ium chloride, but without experiencing the coffee
solution. Group C was later offered the same choice
of drinking either lemon or sucrose solution. A com
parison of Group C with Group E allows a conclu
sion as to whether any reduced preference for lemon
over sucrose exhibited by Group E is dependent on
prior experience of coffee paired with lithium chlo
ride.

Method
SabJeeti. The subjects were 16 female Lister ra~s (138-19~ g),

housed and maintained in the same way as the rats in the previous
experiments.

Procedure. A summary of the experimental procedure is pro
vided in Table 2. One week prior to conditioning, all rats were
placed on a 23.5-h/day water-deprivation schedule. On the con
ditioning day, the rats were assigned to one of two groups (each of
n=8). Experimental rats (i.e., Group E) were given a 5-mm pre-

Table 2
Design and Results of Experiment 5

Test Consumption (in milliliters)

Procedure Lemon Sucrose Coffee

Conditioning Test 1 Test 2 Mean SE Mean SE Mean SEGroup

water-LiCI lemon vs. sucrose coffee .73 .08 7.13 .77 3.61 .38C
.07 7.21 .71 1.33 .33E coffee LiCI lemon vs. sucrose coffee .34

Note-C =control; E =experimental; - = paired.
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sentation of novel 1.2SOfa (w/v) coffee solution followed im
mediately by a IS-ml/kg ip injection of .IS M lithium chloride
(LiCl). Control rats (i.e., Group C) were injected with LiCI after
drinking water equivalent to the mean amount of coffee solution
drunk by Group E. Following 2 recovery days, in which the rats
were allowed to drink water in the test boxes for 10 min, followed
by 20-rnin access to water in the home cage, each rat was given a
two-bottle IG-minpreference test involving 3010 (v/v) lemon solution
and S010 (w/v) sucrose solution. For half the animals in each
group, the sucrose was initially presented on the left, and for the
remaining animals the sucrose was initially presented on the right.
After S min, the position of the drinking tubes was reversed. The
next day, all rats were given a single-bottle presentation of 1.2S01o
coffee solution for 10 min. (All fluid presentations commenced at
IS30 h.)

Results and Discussion
Group E drank lesscoffee solution than did Group C

(see Table 2). This difference was reliable [t(14) =
4.55, p < .(01), and is consistent with Group E's
having acquired an aversion to the coffee solution as
a result of experiencing the coffee paired with LiCl
induced toxicosis during the preexposure phase.

Groups E and C did not differ in the absolute
amount of lemon and sucrose solution they drank on
the preference test [t(14) = .26J. Although both
groups drank more sucrose than lemon solution (see
Table 2), the comparison of major interest is the rela
tive magnitude of preference for lemon expressed by
Groups E and C (lemon preference scores were cal
culated using the formula, L/(L +S) x 100, where L
= absolute intake of lemon, and S = absolute intake
of sucrose in the two-bottle preference test). Group E
exhibited a smaller preference (4.6%) for lemon than
that (10.3010) exhibited by Group C. Although small,
this difference was reliable [t(14)=2.47, p < .05J.
Thus, the conditioned aversion to coffee generalized
more to lemon than to sucrose. This supports the
argument advanced earlier that the lemon solution is
perceived by the rat to be more similar to the coffee
solution than is sucrose.

EXPERIMENT 6

We have argued that the bidirectional distractor ef
fect obtained in Experiments 1 and 3 is best under
stood in terms of the Wagner (1976) model of stim
ulus processing. Specifically, we have suggested that,
because lemon is more similar to coffee than is su
crose, the coffee distractor elicits less processing
when preceded by lemon than it does when preceded
bv sucrose. Consequently, the ability of the coffee
distractor to retroactively interfere with processing of
the test solution is less when that solution is lemon
than is the case when the test solution is sucrose. In
Experiment 5, it was shown that a 3010 lemon solution
is perceived by the rat to be more similar to a 1.25010
coffee solution than is a 5010 sucrose solution. Exper
iment 6 was designed to test the hypothesis that the
coffee suffers more proactive interference from the
lemon solution than it does from the sucrose.

If lemon does proactively interfere with processing
of coffee more than does sucrose, then rats for whom
preexposure to coffee is preceded by presentation of
lemon solution (Group LC) should be less able to
encode information about the coffee in LTM than
are rats for whom preexposure to coffee is preceded
by presentation of sucrose (Group SC). Group LC
should thus drink less coffee on a subsequent test of
neophobia to that flavor than do rats for whom pre
exposure to coffee is preceded-by presentation of
water (Group WC), whereas Group SC might be ex
pected not to differ from Group WC in the amount
of coffee drunk on the neophobia test.

Change in the hedonic value of the preexposed test
flavor as a result of its association with the distractor
was earlier rejected as an explanation of the pattern
of results obtained in Experiments 1 and 3. It is pos
sible, however, that the hedonic value of the solution
presented second during the preexposure phase might
undergo change as a result of association with the
solution presented first. If that is the case, then,
unlike the Wagner model, which expects no differ
ence between Groups SC and WC in the amount of
coffee drunk on the neophobia test, the hedonic
change hypothesis would predict Group SC to drink
more coffee than would Group WC, because the at
tractiveness of the coffee solution to the former
group is enhanced by virtue of its association with the
more preferred sucrose solution. Both hypotheses,
however, make the same prediction regarding the
outcome of a comparison between Groups LC and
WC.

Method
In all unspecified details, the procedure and apparatus were

identical to that of Experiment 1.
Subjects. The subjects were 47 female Lister rats (141-198 g),

housed and maintained in the same way as the rats in the previous
experiments.

Procedure. The rats were assigned to one of six groups: Groups
SC, LC, WC, SW, LW, and WW. The two letters in the group
designations represent the solutions presented during the preex
posure phase (i.e., C = coffee, L = lemon, S= sucrose, W =water)
and the order of presentation. All groups contained eight rats,
with the exception of Group SW, which contained seven rats. A
summary of the experimental procedure is provided in Table 3.

On the test day, the rats were presented with l.S ml of 3010
(v/v) lemon (Groups LC and LW), l.S ml of S010 (w/v) sucrose
(Groups SC and SW), or I.S ml of distilled water (Groups WC and
WW). This was immediately followed by presentation of either
2.0 ml of 1.2S01o (w/v) coffee (Groups LC, SC, and WC) or 2.0 ml
of distilled water (Groups LW, SW, and WW). Six hours after the
preexposure phase, all six groups were given a IG-minpresentation
of the coffee solution.

Results and Discussion
The groups did not drink comparable amounts of

coffee on the neophobia test (seeTable 3). A one-way
ANOVA indicated that the differences in amount
drunk were reliable [F(5,41) = 9.34, p < .0001J.

A posteriori comparisons were made using
Duncan's multiple range test. As in previous experi-
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Table 3
Design and Results of Experiment 6

Stimulus Test Consumption (in milliliters)

Group Distractor Preexposed Test Mean SE

SC sucrose coffee coffee 8.10 .45
LC lemon coffee coffee 6.65 .39
WC water coffee coffee 8.15 .33
SW sucrose water coffee 5.01 .46
LW lemon water coffee 7.13 .35
WW water water coffee 5.90 .40

Note-C = coffee; L = lemon; S = sucrose; and w = water.

ments, preexposure to the test solution attenuated
neophobia to that solution on a subsequent test, as is
evident from the greater amount of coffee drunk by
Group we than by Group WW (p < .01). This at
tenuation of neophobia to coffee was largely depen
dent on prior experience of the coffee solution. Rats
preexposed to sucrose solution (i.e., Group SW)
drank significantly less coffee on the neophobia test
than did Group we (p < .01) and did not differ in
amount drunk from Group WW, which had had no
experience of novel flavor solutions prior to testing
with coffee. By contrast, the rats preexposed to the
lemon solution (i.e., Group LW) drank more coffee
than did either Group WW or Group SW (ps < .01).
This provides further evidence that a 3070 lemon solu
tion is perceived by rats to be more similar to a
1.2S% coffee solution than is a SOlo sucrose solution.

The comparisons of major interest, however, are
those involving Groups we, se, and LC. Although
all three groups drank the same amount of coffee
solution during preexposure, they did not drink
equivalent amounts of coffee on the neophobia test.
Groups we and se drank comparable amounts of
coffee solution, but Group Le drank reliably less
than either Group we or Group se (ps < .OS). The
comparable amount of coffee drunk during testing
by Groups we and SC is contrary to the expectation
of the hedonic change hypothesis, but consistent with
that of the Wagner model, and would appear to indi
cate that the sucrose was ineffective in preventing
information about the preexposed coffee solution
from being encoded in LTM. By contrast, preceding
the coffee solution by lemon during the preexposure
phase appeared to reduce the amount of information
about the preexposed coffee flavor that was encoded
in LTM. This is evident from the greater degree of
neophobia exhibited by Group Le towards the coffee
during testing than by Groups we and SC.

These results confirm the hypothesis that coffee
suffers more proactive interference from lemon than
from sucrose. In fact, since Group LC did not differ
from Group LW in the amount of coffee ingested on
the neophobia test, it would appear that, under the
conditions of this experiment, the lemon may have
completely prevented processing of the preexposed

coffee solution in STM. This should not, however, be
universally true. The extent to which coffee suffers
proactive interference from the lemon might be ex
pected to vary as a function of the relative amounts
of lemon and coffee rats are allowed to drink during
the preexposure phase.

GENERAL DISCUSSION

Three recent studies (Green & Parker, 1975; James
& Wagner, 1980; Whitlow, 1975) have reported that
the acquisition of habituation to a preexposed test
stimulus is disrupted by presentation of a distractor
in close temporal proximity to the test stimulus dur
ing preexposure. The data reported here are of note,
therefore, in that while able to replicate the disrup
tive effect of a distractor on the acquisition of habit
uation reported by other authors (Experiment 3), it
was also possible to demonstrate the opposite effect,
viz., enhancement of habituation, with the same dis
tractor (Experiment 1). The effect of a distractor on
acquisition of habituation is not, therefore, invari
ant.

Whether one obtains distractor-induced disruption
or enhancement of neophobia habituation does not
appear to be the result of change tn the hedonic value
of the test solution brought about by association with
the distractor (Experiment 4). Instead, it would ap
pear to be related to the stimulus characteristics of
the distractor and the test solution. Evidence was ob
tained (Experiment S) that the test solution used in
Experiment 1, in which enhanced habituation of neo
phobia was obtained, was more similar to the dis
tractor than was the test solution used in Experi
ment 3, in which disruption of neophobia habitua
tion was obtained.

The enhanced habituation of neophobia observed
in Experiment 1, when lemon was the test solution,
cannot be attributed, however, solely to loss of neo
phobia to the distractor generalizing to lemon on the
neophobia test. If the distractor was as effective in
preventing information about the preexposed test
solution gaining access to LTM in Experiment 1 as it
appeared to be in Experiment 3, then one would ex
pect that, with only generalized loss of neophobia to
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the distractor involved, Group PO would, at best,
drink as much lemon on the neophobia test as did
Group P. Instead, Group PO drank reliably more
lemon than did Group P. One is thus led to conclude
that Group PO experienced some loss of neophobia
to the preexposed lemon solution in addition to gen
eralized loss of neophobia to the coffee solution. In
other words, the coffee distractor was not as effective
in preventing informaton about the preexposed test
flavor reaching LTM when that flavor was a lemon
solution than was apparently the case when the pre
exposed flavor was sucrose.

It is argued that the bidirectional distractor effect
observed in these experiments can be accounted for
by invoking Wagner's (1976) model of stimulus pro
cessing. The limited-capacity STM system posited by
the model means that the amount of processing a test
stimulus receives in STM, and hence the likelihood of
informaton about that stimulus reaching LTM, may
be reduced by processing of a temporally proximate
distractor in STM. The more processing elicited by a
distractor, the more it will interfere with processing
of a preceding test stimulus.

The amount of processing that a distractor receives
is directly related to the size of the discrepancy be
tween information about the distractor entering in to
STM at the time of its occurrence and information
about the distractor already present in STM. A pre
exposed stimulus that is similar to the distractor will
thus occasion less processing of the distractor than is
the case when the preexposed stimulus is dissimilar to
the distractor (see Experiment 6). Consequently, the
preexposed stimulus will undergo less retroactive
interference from the distractor in the former case
than in the latter. In addition, when there is a degree
of similarity between the preexposed stimulus and the
distractor, any habituation to the distractor may gen
eralize to the preexposed stimulus and summate with
habituation to that stimulus itself. Thus, enhance
ment of habituation may be expected when the pre
exposed stimulus and distractor are similar (as was
the case in Experiment I), whereas disruption of ha
bituation may be expected when the distractor and
preexposed stimulus are dissimilar (as was the case in
Experiment 3).

The main focus of attention in explaining the bi
directional distractor effect obtained in the experi
ments reported here has been directed toward the
relative effectiveness of coffee as a distractor when
immediately preceded by lemon or sucrose. The as
sumption underlying this concentration on the role of
the coffee distractor is that water did not differ
entially affect processing of a preexposed lemon or
sucrose solution when presented to rats in Group P.
This assumption, however, may be unwarranted.

The bidirectional distractor effect obtained in the
above experiments may reflect the differential ef-

fectiveness of coffee vis Ii vis water as a distractor
when preceded by lemon or sucrose solution; water
may have been a better distractor (i.e., more ef
fectively disrupted STM processing of the preexposed
test solution) than was coffee when rats were pre
exposed to lemon, whereas coffee may have been the
better distractor when rats were preexposed to
sucrose. Given the evidence of Experiment 6 that the
processing one stimulus, B, elicits in STM (and hence
its ability to disrupt STM processing of a preceding
stimulus, A) is inversely related to the degree of sim
ilarity that exists between A and B, such an analysis
would require rats to perceive distilled water (no
odor, no taste) as being more similar to sucrose (no
odor, sweet taste) than was coffee (strong odor,
bitter taste), while perceiving water as being less sim
ilar to lemon (strong odor, no taste) than was coffee.
The present study does not permit an assessment of
this possibility.
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