
Psychonomic Bulle/in & Review
1998.5 (4). 690-693

The interval between the es and the DeS
as a determiner of generalization performance
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Rats were trained in a conditioned taste aversion paradigm in order to determine whether a trace in
terval between the conditioned stimulus (CS) and the unconditioned stimulus (UCS) would result in
the forgetting of stimulus attributes. Accordingly, subjects were conditioned with milk (CS), given ei
ther an immediate or a delayed injection of lithium chloride (UCS),and tested 48 h later with either milk
or chocolate milk, a generalized flavor. The rats conditioned immediately following the presentation
of the CS avoided milk more than chocolate milk, indicating discrimination between the two flavors.
Those conditioned after a trace interval avoided both flavors equally, suggesting a loss of stimulus at
tributes of the original CS. Delay rats, however, still exhibited substantial learning when compared
with controls not experiencing the UCS. These results allege a role for the forgetting of stimulus at
tributes during a trace interval in addition to following a complete learning episode.

Since the seminal studies showing stimulus general
ization in Little Albert (Watson & Raynor, 1920), a vari
ety of studies have shown that organisms will respond to
stimuli other than those with which they were trained
(e.g., Guttman & Kalish, 1956; Jenkins & Harrison, 1960;
Pavlov, 1927). Further, investigations have documented
the effect of time on the phenomenon of stimulus gener
alization: As the temporal interval between training and
testing increases, so does the likelihood ofresponding to
a greater range ofstimuli (McAllister & McAllister, 1963;
Perkins & Weyant, 1958; D. R. Thomas & Lopez, 1962).
That is, subjects demonstrate poorer retention ofthe char
acteristics of the target stimulus than of the response that
is appropriate; stimulus discrimination is forgotten before
the response (for reviews, see Riccio, Ackil, & Burch
Vernon, 1992; Riccio, Rabinowitz, & Axelrod, 1994).
Thus, this type of forgetting results not in a loss of re
sponding, but in the performance of the conditioned re
action to a greater variety of stimuli. The reliability ofthis
phenomenon has been exhibited with a wide range of
stimuli, including wavelength (D. R. Thomas & Lopez,
1962), contextual cues (Zhou & Riccio, 1996), drawings
(Bahrick, Clark, & Bahrick, 1967), pharmacological
agents (MacArdy & Riccio, 1991), auditory stimuli such
as tones (D. A. Thomas & Riccio, 1979), and flavors (Rich
ardson, Williams, & Riccio, 1984).

Ifthese findings represent loss ofmemory for the details
of a stimulus representation, temporal intervals might
produce similar effects if introduced at other stages in
conditioning. For example, manipulating the interval be
tween the conditioned stimulus (CS) and the uncondi-
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tioned stimulus (UCS) in classical conditioning might alter
the accuracy of the CS representation at the time the as
sociation is formed. Put slightly differently, delaying the
presentation of the UCS may have effects upon the rep
resentation of the CS similar to those ofpostponing a test
following completion of training. It is well known that a
long trace interval reduces the strength ofan association,
but does that interval between the CS and the UCS also
result in loss of memory for the specific attributes of the
target? If so, a test following the conditioning episode
might reveal the anomalous outcome of a weaker condi
tioned response (CR) to the CS but a relatively stronger
CR to a generalized cue in the trace group than in the im
mediate condition.

In the present experiment, the temporal interval be
tween presentation of the CS and UCS in a classical con
ditioning paradigm was manipulated to examine this pos
sibility. A conditioned taste aversion (CTA) model was
used, whereby rats are exposed to a novel liquid flavor fol
lowed by a toxic agent. Because robust conditioned taste
aversion can be demonstrated with delays of poison ad
ministration for several hours following presentation of
the taste (Garcia, Ervin, & Koelling, 1966; Revusky & Gar
cia, 1970), this task seems especially suited for use in the
investigation of the nature of the trace representation.

In order to determine whether delaying UCS presenta
tion affects the CS representation, rats drank a certain
flavor (the CS) and had either immediate or delayed ex
posure to illness (the UCS). Halfof those in the immedi
ate group were tested with the original flavor, and half
with a different one. They should show discrimination
between the flavors, avoiding the original CS more than
the foil. Halfof the delay group rats also were tested with
each flavor. If forgetting of stimulus attributes occurs be
tween CS and UCS presentation, these rats may avoid the
original and foil flavors equally.
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METHOD

Subjects
Sixty-one male albino rats (Hilltop Farms) were used in the experi

ment. Animals were housed singly in hanging wire mesh cages in the
colony room, fed ad lib, and maintained on a 14:10-h light:dark cycle.
Subjects were approximately 150 days old at the time of training and
weighed between 360 and 510 g.

M-I-M Milk < 5 min LiCI
M-I-C Milk < 5 min Chocolate
M-D-M Milk 2 h Milk
M-D-C Milk 2 h Chocolate
C-I-C Chocolate < 5 min Chocolate
M-noUCS-M Milk no conditioning Milk
C-noUCS-C Chocolate no conditioning Chocolate

Note-M-I-M, milk-immediate-milk; M-I-C, milk-immediate-chocolate;
M-D-M, milk-delay-milk; M-D-C, milk-delay-chocolate; C-I-c'
chocolate-immediate-chocolate; M-noUeS-M, milk-no l.K'Svmilk;
e-noues-c. chocolatc-nol.K'Svchocolate.

Procedure
In order to reduce the potential for context overshadowing during a

delay (Marlin, 1981), procedures took place in the animals' highly fa
miliar (latently inhibited) home cages. Partial water deprivation, whereby
subjects had access to 15 min of water per day, was begun 3 days prior
to training. On Day 4, animals were randomly divided into seven groups,
and drank, instead of water, either a milk mixture or a chocolate milk
mixture (the CS). All animals had a 15-min exposure to 40 ml of the CS.
Either immediately or 2 h after presentation of the CS, they were in
jected with lithium chloride (LiCI). One hour following this injection,
water bottles were replaced for 2 h to allow subjects to replenish their
body fluids. Testing was conducted 48 h later and consisted ofa 15-min
exposure to 40 ml of the test flavor. Neophobic reactions at training
yielding consumption scores of fewer than 5 ml were excluded from the
study and resulted in unequal sample sizes among groups.

The groups were characterized by the flavors presented to them at
training and test, as well as the timing ofthe US presentation (Table I).
They were assigned as follows: Group Milk-Immediate-Milk (M-I-M;
n = 7) drank milk (50% water + 50% Carnation Brand Vitamin 0 Evap
orated Milk) on training day, received an LiCI injection directly after
training consumption, and was tested with milk. (This corresponds to a
standard CTA paradigm). In contrast, Group Milk-Delay-Milk (M-D
M; n = 9) drank milk at training, was injected with the US 2 h after
consumption, and was tested with milk. Group Milk-Immediate-Choco
late (M-I-C; n = 8) drank milk at training, was injected immediately
with LiCl, and had chocolate milk (50% water + 50% Carnation + 10%
Hershey's Chocolate Syrup) at test. Milk-Delay-Chocolate (M-D-C;
n = 9) was identical to Group M-I-C except that this group's injection
was delayed 2 h following the CS. It was expected that those animals re
ceiving immediate UCS presentations would show less generalization
at testing; their representations of the CS would be more precise than
those of animals experiencing the UCS following a lag.

Several control groups were included to control for possible perfor
mance artifacts. Group Milk-no UCS-Milk (M-noUCS-M; n = 10)
drank milk at both training and test, but did not experience the UCS.
This group was included in order to determine how much milk rats
would normally consume at its second presentation. Group Chocolate
no UCS-Chocolate (C-noUCS-C; n = 10) was included for the same
reason as well as to determine whether there were any initial intake dif
ferences between milk and chocolate milk because it is important to as
certain that rats were not particularly neophobic to either flavor. Group
Chocolate-Immediate-Chocolate (C-I-C; n = 8) was trained to avoid
chocolate milk; the inclusion of this group allows the strength of the
conditioned aversions to milk and to chocolate milk to be directly com
pared. If the aversions learned to chocolate and regular milk are equiv-

RESULTS

alent. consumption differences between the two flavors at test cannot be
due to their differential palatability.

The dependent variable was the amount (milliliters) consumed dur
ing the 15-min test. which occurred 48 h following CS consumption. We
emphasize that for every group. the test occurred at the identical inter
val following CS presentation. Only the interval between the CS and
UCS presentations differed. Those animals that consume more liquid
are considered to evidence a weaker aversion to the flavor; low con
sumption scores indicate good acquisition of the avoidance response.

As can be seen in Figure 1, the intake of flavors was
less suppressed with a 2-h delay between the CS and
DCS than with the immediate pairing. Further, although
differential consumption between the target and gener
alized flavors occurred in the immediate condition, in
takes appeared comparable in the delayed groups.

These impressions were confirmed by a two-way analy
sis of variance (ANOYA) (interval X test flavor) that
yielded a significant main effect of delay [F(I,29) =
15.131; P < .001] among the four groups of major inter
est, namely those rats tested with either milk or chocolate
that experienced an immediate DCS (M-I-M and M-I-C)
or a delayed DCS presentation (M-D-M and M-D-C). This
supports the finding that postponed DCS exposure atten
uates subsequent avoidance performance. Although no
main effect of flavor was identified [F(l,29) = 1.558;
n.s.], there was an interaction between delay condition (im
mediate or delay) and flavor (chocolate or milk) at test
[F(l,29) = 3.959;p = .056]. The critical comparison be
tween M-I-M and M-I-C was made using a t test with the
usual rejection criterion of .05; each subsequent com
parison was tested at an alpha level (a) ofhalf that of the
previous test to maintain an acceptable Type I error rate.

Those rats that experienced a delayed injection ofLiCI
appeared to have a less potent aversion than animals in the
immediate injection groups; M-I-M rats drank less, and
thus showed a stronger aversion, than M-D-M rats at test
(t = 4.251;p< .0001; a = 0.025). M-I-C animals, how
ever, did not consume less chocolate milk than M-D-C rats
(t = 1.383; p = 0.19, n.s.), suggesting that unlike the tar
get CS, the generalized flavor was about equally aversive
with short or long delay intervals.

Examination of the differential generalization with
delay showed that varying the interval between the CS and
the DCS affected later intake, since Group M-I-C drank
more (t = 2.409; P < .03, a = .05) than group M-I-M,
demonstrating that the immediate DCS presentation al
lowed them to later discriminate between milk and choco
late milk. This outcome is consistent with the view that
subjects in the immediate condition formed a relatively
specific association to the CS. However, those groups
given LiCI after a 2-h delay (M-D-M and M-D-C) showed
equivalent aversions to the two flavors in terms of milli
liters consumed, indicating a lack of discrimination be
tween the flavors. This lack ofdiscrimination is similar to
that which occurs when testing is delayed in a eTA par
adigm (Richardson et al., 1984).

Test

Table 1
Experimental Procedures and Design

CS DelayGroup
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DISCUSSION

M-I-M M-I-C M-D-M M-D-C M-M C-C C-I-C
No UCS

Group

forgetting of specific CS characteristics was demonstrated here using
taste aversion conditioning, in which rats not only learned to avoid a
novel flavor paired with illness, but also became less able to distinguish
that taste from another, similar flavor in a subsequent test when presen
tation of the UCS was delayed during the conditioning episode.

Why does the timing of the presentation of the unconditioned stimu
lus, influence the fidelity of the CS representation that enters into the
association? It seems likely that the representation of the CS attributes
begins to fade or degrade, and, when the UCS is presented at a delay,
the CS representation with which it becomes associated is not as clear
as when it was initially presented. Presumably, whatever the state of the
percept at the time of the aversive input, it is stored as such. If the per
cept is intact, as with the brief delay, it will be connected with the aver
sive outcome in that form, and, if it has suffered degradation, it will be
captured in that state. Although the etiology of the degradation of the
trace is undefined, it is possible that interference plays a role since the
animals could have sampled the food on their cages during the 2-h trace
interval (Bevins, personal communication, May 1997).

One criticism that has been leveled against data documenting weaker
taste aversions with delays between the CS and the UCS, such as those
reported here, involves the possible role of neophobia (DeCola & Fan
selow, 1995; Mitchell, Scott, & Mitchell, 1977). According to this in
terpretation, the delay group's reluctance to consume the CS at testing
is not a result of conditioning, but of sensitization induced by LiCI ad
ministration. Rather than learned avoidance to a particular flavor, the
rats would be expressing neophobia to any novel flavor following sick
ness. Both DeCola and Fanselow and Mitchell et al. reported data that
they interpreted as supporting the sensitization/neophobia theory ofbe
havior following delay "conditioning." However, this explanation and
these data do not seem applicable to our results for several reasons.
First, in both earlier reports, rats were tested with a two-bottle prefer
ence test, pitting the conditioned flavor against water, whereas the rats
in the present experiment were tested with one bottle containing the test
substance. The former paradigm has been shown to be more sensitive
to detecting absolute aversions, whereas the latter is superior for de
tecting differences in aversion strength (Batsell & Best, 1993), which is
why we chose this method. In addition, comparison of data collected
with one-bottle tests to that derived from two-bottle testing is tenuous.
Moreover, the DeCola and Faneslow and Mitchell et al. studies began
testing 24 h following illness and continued testing in extinction; it was
in the later testing days that differences among their groups arose. In
contrast, we gave our rats a single test 48 h following CS presentation and
compared consumption differences from this single test. Further, delay
ing the test until 48 h following conditioning ensures that it is well out
side of the time window in which effects of illness-induced neophobia
is observed (Domjan, 1977). So, although under some conditions, LiCI
may sensitize animals to novel flavors, we believe this is not the case here.

In order to examine directly the likelihood of observing aversion-like
avoidance without a contingency in the present paradigm, an ad hoc ex
periment was conducted. Fifteen female albino rats, weighing between
220 and 340 g on conditioning day, were trained as follows. After 3 days
ofpartial water deprivation, as described previously, rats were randomly
divided into three groups: Group Delay, Group Unpaired Milk, and
Group Unpaired Chocolate. On the 4th day, all rats were allowed access
to 40 ml of milk (as reported above) for 15 min. Two hours following
milk presentation, delay rats only were injected with LiCI (2 mg/kg;
0.75 M). This group was identical to the M-D-M group in the main ex
periment. Groups Unpaired Milk and Unpaired Chocolate were injected
identically 24 h later to create two explicitly unpaired conditions. All
rats were tested 48 h following the injection, mimicking conditions of
the main experiment. Delay rats were tested with 15 min access to 40 ml
ofmilk, as were unpaired milk rats. Those in the unpaired chocolate group
were tested instead with the chocolate mixture detailed in the main ex
periment. It was assumed that if the data we reported were due to sensi
tization from LiCI exposure, the delay rats should consume comparable
amounts of test substance as the unpaired groups. Alternatively, if a delay
between the CS and the UCS resulted in an aversion, albeit a weaker
one, delay rats should drink substantially less than unpaired ones.

The data clearly demonstrate that delay rats developed an aversion,
whereas unpaired milk and chocolate rats did not [F(2,12) = 7.004; P <
.0I; consumption means: delay = 8.6 ml; unpaired milk = 15.6;unpaired
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Figure 1. Mean consumption oftest substance plotted by group.
Subjects in Group M-I-M drank less than their chocolate coun
terparts (M-I-C). Groups M-D-M and M-D-C did not differ,
however, indicating a generalization between these two flavors if
the UCS is administered at a delay following the CS. Groups M
noUCS-M and C-noUCS-C did not avoid the test flavor since they
did not develop aversions. Group C-I-C developed an aversion
equivalent to that of M-I-M, demonstrating similar conditioning
to both flavors. M-I-M, milk-immediate-milk; M-I-C, milk-im
mediate-chocolate; M-D-M, milk-delay-milk; M-D-C, milk-delay
chocolate; M-noUC5-M, milk-no UCS-milk; C-noUCS-C, choco
late-noUCS-chocolate; C-I-C, chocolate-immediate-chocolate.

In order to reduce the Type I error rate, control groups
were compared with the critical experimental groups in
the following manner: The means ofGroups M-noUCS-M
and C-noUCS-C were compared, using a t test, with the
highest consumption mean of the experimental groups
(Group M-D-M; M = 7 ml), which was the score numer
ically closest to them. The comparisons were made with
an alpha level of 0.0125, and the differences were signif
icant in both cases (M-noUCS-M vs. M-D-M, t = 7.119;
CC-NoLiCI vs. M-D-M; t = 7.581). These control groups
consumed more than 15 ml (16.3 ml, C-noUCS-C;
18.0 ml, M-noUCS-M) of test substance, clearly show
ing by contrasts that all the trained groups did develop
aversions. The results for Group C-I-C, which showed
no difference in aversion strength from that of animals
trained with milk in the M-I-M group (t = 1.129, n.s.), are
included in Figure 1. Further, Group C-I-C was not dif
ferent from Group M-I-C, indicating that the pairing of
these flavors with LiCI resulted in equivalent aversions.

It appears that the processes acting on representations over time fol
lowing conditioning also act during acquisition if a trace interval mter
venes between the CS and the UCS. These effects appear to operate on
what has been termed "associative memory" (Revusky, 1971), affecting
the retrievability of the attributes ofa "CS" before it becomes a CS. The



chocolate = 13.8 ml]. Planned comparisons (ttests) indicated that delay
rats were significantly different from both unpaired milk (p < .01) and
unpaired chocolate (p < .05), whereas the unpaired groups did not dif
fer from each other. Thus, the aversions of our previous delay groups
cannot easily be attributed to neophobic responses following illness.

It is clear that processes correlated with time affect the representation
of a CS prior to its coupling with a UCS. The representation seems to
be changed in two respects. First, as the trace literature has consistently
revealed, conditioning is poorer with longer intervals between the CS
and the UCS, presumably reflecting a weaker CS representation. Sec
ond, and the novel contribution of this study, is that the representation
seems to become less precise, so that at later testing a discriminably dif
ferent flavor is avoided much like the target CS. We assume that with
the long trace interval, the taste representation that enters into the asso
ciation is something like a general "milky" flavor rather than a specific
"plain milk" one.

Temporal intervals, then, lead to the forgetting of stimulus attributes
whether they occur after a learning experience or during one, as demon
strated in the present experiment. This result has both theoretical im
plications, since lack ofdiscrimination due to an extended CS-UCS in
terval has not previously been documented, and practical implications,
since generalization of responding may increase not only during reten
tion intervals but also during trace intervals embedded in the condi
tioning process as well.

REFERENCES

BAHRICK, H. P., CLARK, S., & BAHRICK, P. (1967). Generalization gra
dients as indicants of learning and retention of a recognition task.
Journal 0/Experimental Psychology, 75,464-471.

BATSELL, W.R., JR., & BEST, M. R. (1993). One bottle too many? Method
oftesting determines the detection of overshadowing and retention of
taste aversions. Animal Learning & Behavior, 21, 154-158.

DECOLA, J. P., & FANSELOW, M. S. (1995). Differential inflation with
short and long CS-US intervals: Evidence of a nonassociative pro
cess in long-delay taste avoidance. Animal Learning & Behavior, 23,
154-163.

DOMJAN, M. (1977). Selective suppression of drinking during a limited
period following aversive drug treatment in rats. Journal 0/Experi
mental Psychology: Animal Behavior Processes, 3, 66-76.

GARCIA, J., ERVIN, F. R., & KOELLING, R. A. (1966). Learning with pro
longed delay of reinforcement. Psychonomic Science, 5, 121-122.

GUTTMAN, N., & KALISH, H.\. (1956). Discriminability and stimulus gen
eralization. Journal 0/Experimental Psychology, 51, 79-88.

JENKINS, H. M., & HARRISON, R. H. (1960). Effects of discrimination
training on auditory generalization. Journal 0/ Experimental Psy
chology, 59, 246-253.

US DELAY AFFECTS CS REPRESENTATION 693

MARLIN, N. A. (1981). Contextual associations in trace conditioning.
Animal Learning & Behavior, 9, 519-523.

MACARDY, E. A., & RICCIO, D. C. (1991). Increased generalization be
tween drug-related interoceptive stimuli with delayed testing. Be
havioral & Neural Biology, 56, 213-219.

McALLISTER, W. R., & McALLISTER, D. E. (1963). Increase over time
in the stimulus generalization of acquired fear. Journal 0/Experi
mental Psychology, 65, 576-582.

MITCHELL, D., SCOTT, D. W., & MITCHELL, I.. K. (1977). Attenuated
and enhanced neophobia in the taste-aversion "delay of reinforce
ment" effect. Animal Learning & Behavior, 5, 99-102.

PAVLOV, I. P. (1927). Conditioned reflexes (G. V Anrep, Trans.). Lon
don: Oxford University Press.

PERKINS, C. c., JR., & WEYANT, R. G. (1958). The interval between
training and testing as determiner of the slope ofgeneralization gradi
ents. Journal ofComparative& PhysiologicalPsychology,97, 140-153.

REVUSKY, S. (l97\). The role of interference in association over a delay.
In W.K. Honig & P.H. R. James (Eds.),Animal memory (pp. 155-213).
New York: Academic Press.

REVUSKY, S. H. , & GARCIA, J. (1970). Learned associations over long
delays. In G. H. Bower & 1. T. Spence (Eds.), The psychology 0/
learning and motivation (Vol. 4, pp. 1-84). New York: Academic
Press.

RICCIO, D. c, ACKIL, J., & BURCH-VERNON, A. (1992). Forgetting of
stimulus attributes: Methodological implications for assessing asso
ciative phenomena. Psychological Bulletin, 112,433-435.

RICCIO, D. c., RABINOWITZ, v.. & AXELROD, S. (1994). Memory: When
less is more. American Psychologist, 49, 917-926.

RICHARDSON, R., WILLIAMS, C, & RICCIO, D. C. (1984). Stimulus gen
eralization ofconditioned taste aversion in rats. Behavioral & Neural
Biology, 41, 41-43.

THOMAS, D. A., & RICCIO, D. C. (1979). Forgetting of a CS attribute in
a conditioned suppression paradigm. Animal Learning & Behavior,
7,191-195.

THOMAS, D. R., & LOPEZ, I.. J. (1962). The effects of delayed testing on
generalization slope. Journal 0/ Comparative & Physiological Psy
chology,55,541-544.

WATSON, J., & RAYNOR, R. (1920). Conditioned emotional reactions.
Journal ofExperimental Psychology, 3, 1-19.

ZHOU, Y. 1.., & RICCIO, D. C. (1996). Manipulation of components of
context: The context shift effect and forgetting of stimulus attributes.
Learning & Motivation, 27, 400-407.

(Manuscript received June 9, 1997;
revision accepted for publication January 26, 1998.)


