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Abstract—

 

We tested the proposal that trace and delay eyeblink con-
ditioning are fundamentally different kinds of learning. Strings of one,
two, three, or four trials with the conditioned stimulus (CS) alone and
strings of one, two, three, or four trials with paired presentations of
both the CS and the unconditioned stimulus (US) occurred in such a
way that the probability of a US was independent of string length. Be-
fore each trial, participants predicted the likelihood of the US on the
next trial. During both delay (

 

n 

 

�

 

 20) and trace (

 

n 

 

�

 

 18) condition-
ing, participants exhibited high expectation of the US following
strings of CS-alone trials and low expectation of the US following
strings of CS-US trials—a phenomenon known as the gambler’s fal-
lacy. During delay conditioning, conditioned responses (CRs) were
not influenced by expectancy but by the associative strength of the CS
and US. Thus, CR probability was high following a string of CS-US
trials and low following a string of CS-alone trials. The results for
trace conditioning were opposite. CR probability was high when ex-
pectancy of the US was high and low when expectancy of the US was
low. The results show that trace and delay eyeblink conditioning are
fundamentally different phenomena. We consider how the findings can
be understood in terms of the declarative and nondeclarative memory

 

systems that support eyeblink classical conditioning.

 

Classical conditioning of the eyeblink response is a form of asso-
ciative learning whereby a neutral, conditioned stimulus (CS; typi-
cally a tone) is repeatedly paired with an unconditioned stimulus (US;
typically a puff of air to the eye). Initially, the CS does not elicit an
eyeblink response, whereas the US initially and reliably elicits a re-
flexive eyeblink unconditioned response (UR). However, with re-
peated pairing of the CS and US, the CS begins to elicit a learned, or
conditioned, response (CR). In delay conditioning, the CS is presented
and remains on until the US is presented. The two stimuli overlap and
then co-terminate. In trace conditioning, the CS is presented first. A si-
lent, or trace, interval then follows before the presentation of the US.

The nature of trace and delay eyeblink conditioning has been illu-
minated by the distinction between declarative and nondeclarative
knowledge (Clark & Squire, 2000). We found previously that declara-
tive knowledge of the stimulus contingencies (i.e., awareness that the
CS predicts the US) is critical for acquisition of trace conditioning but
not for acquisition of delay conditioning (Clark & Squire, 1998). After
120 trials of differential conditioning with a CS

 

�

 

 and a CS

 

�

 

, only
participants who were aware that the CS

 

�

 

 predicted the US exhibited
successful trace conditioning. (The CS

 

�

 

 is followed by the US; the
CS

 

�

 

 is not.) Awareness was unrelated to differential delay condition-

ing. Further, using a trial-by-trial measure of awareness, we found that
awareness and successful differential trace conditioning emerged con-
currently (Manns, Clark, & Squire, 2000b). In other studies, informing
participants about the stimulus contingencies before the conditioning
session facilitated trace conditioning (Clark & Squire, 1999). In con-
trast, interfering with the development of awareness by distracting par-
ticipants during the conditioning session prevented the acquisition of
trace conditioning but not the acquisition of delay conditioning (Clark
& Squire, 1999).

Finally, awareness that the CS predicts the US is important for sin-
gle-cue trace conditioning (i.e., with a single CS), just as it is for dif-
ferential conditioning. Participants who were aware of the stimulus
contingencies exhibited better single-cue trace conditioning than par-
ticipants who were not aware of this relationship (Manns, Clark, &
Squire, 2000a). Furthermore, the degree of awareness after the first 10
conditioning trials predicted the overall success of trace conditioning
across the entire conditioning session (Manns et al., 2000a).

These findings imply that in the case of trace conditioning, individ-
uals who develop declarative knowledge of the stimulus contingencies
may be successful because they expect the US when the CS is pre-
sented. In contrast, delay conditioning has the automatic and reflexive
features that are characteristic of nondeclarative memory. Delay con-
ditioning may therefore be a simple function of the associative
strength between the CS and the US.

A method for evaluating the relative importance of expectancy and
associative strength in delay eyeblink conditioning was described by
Perruchet (1985). A sequence of trials was presented so that the US
followed the CS only 50% of the time. Strings of one, two, three, or
four CS-alone trials were intermixed with strings of one, two, three, or
four CS-US trials. In this circumstance, expectancy of the US tended
to increase during strings of CS-alone trials and to decrease during
strings of CS-US trials, a phenomenon known as the gambler’s fallacy.
However, the probability of a CR was not related to US expectancy.
Instead, CR probability mirrored the strength of the CS-US associa-
tion. That is, CRs were more likely as the number of consecutive CS-
US trials increased, and less likely as the number of consecutive CS-
alone trials increased.

In contrast to delay conditioning, trace conditioning depends on
declarative knowledge of the stimulus contingencies. If expectancy of
the US is one aspect of this declarative knowledge, then in trace condi-
tioning the probability of a CR might mirror the subjective expectancy
of the US. Figure 1 illustrates how delay and trace conditioning might
be influenced differently by the recent history of CS-alone and CS-US
trials. In the experiment we report here, we used Perruchet’s (1985)
method to evaluate how expectancy of the US develops during both
delay and trace eyeblink conditioning and to determine the relation-
ship between expectancy and conditioned responding. The results
demonstrate a fundamental contrast between these two forms of clas-
sical conditioning.
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METHOD

Participants

 

The participants were either students at the University of California,
San Diego, who received credit toward a course requirement for their par-
ticipation, or respondents to notices posted at the university. Participants
were assigned to one of two groups. The first group (delay) consisted of
20 individuals (10 men and 10 women) who were given delay eyeblink
conditioning. They averaged 24.0 years of age (range: 18–41) and 15.1
years of education. The second group (trace) consisted of 18 individuals
(7 men and 11 women) who were given trace eyeblink conditioning. They
averaged 21.7 years of age (range: 18–29) and 14.7 years of education.

 

Procedure

 

The procedure was modeled after one described by Perruchet
(1985). Participants gave informed consent and then were seated in a
darkened room, approximately 0.7 m in front of a computer monitor.
One hundred fifty-six conditioning trials were administered. The CS
was a 70-dB, 1-kHz tone presented through earphones. The US was a
100-ms, 2-psi airpuff delivered to the left eye through a nozzle attached

to modified sunglasses that were worn by the participants. The sun-
glasses also held an infrared emitter detector for measuring eyeblinks.

Half the trials were CS-alone trials on which the US was omitted.
On the other half of the trials, the CS was followed by the US. For the
delay group, the US was presented (on half the trials) 1,250 ms after
the onset of the CS. The CS and US then overlapped for 100 ms and
co-terminated. When the US was omitted, the CS was presented alone
for 1,350 ms. For the trace group, the CS was presented for 250 ms
and was then followed by a 1,000-ms trace interval. At the end of the
trace interval, the US was presented for 100 ms. When the US was
omitted, the CS was presented alone for 250 ms.

Eyeblinks were scored as CRs when they occurred between 750 ms
after the onset of the CS and before the onset of the US. This criterion was
used to filter out nonassociative responding and voluntary responding
(purposeful or volitional blinking; for a similar scoring method, see Daum
et al., 1993; Finkbiner & Woodruff-Pak, 1991). For an eyeblink to be
scored as a CR, the participant’s maximum eyeblink amplitude in re-
sponse to the CS had to be 20% of the same participant’s maximum eye-
blink amplitude in response to the first 10 US presentations of the session.

The 156 conditioning trials were presented as strings of one, two,
three, or four CS-alone trials and an equal number of strings of one, two,
three, or four CS-US trials (Table 1). Five different orders that met the
conditions described in Table 1 were constructed. Within each order, the
probability of a US was independent of string length. Each order was
used four times within the delay group. For the trace group, three of the
orders were used four times, and two were used three times.

At the beginning of the session, participants were told that an airpuff
would be delivered on 50% of the trials. Before each trial, participants
used a horizontal scale on a computer screen to indicate how likely or
unlikely it was that an airpuff would be presented on the next trial. The
scale contained seven evenly spaced hash marks. A plus sign appeared
above the right-most hash mark, and a minus sign appeared above the
left-most hash mark. Participants made their predictions by pressing one
of two keys to move an indicator bar to the left or right along the scale
(five key presses moved the indicator bar a distance of one hash mark).
Participants were instructed to place the indicator bar on the center hash
mark if they were completely unsure whether an airpuff would be deliv-
ered on the next trial. Alternatively, they were told to move the indicator
bar toward the right the more sure they were that an airpuff would be
presented, and toward the left the more sure they were that an airpuff
would not be presented. The indicator bar could occupy any of 30 posi-
tions along the scale, and responses were scored from 

 

�

 

3.0 (to reflect
high confidence that the US would not appear) to 

 

�

 

3.0 (to reflect high
confidence that the US would appear). After making a prediction, which

Fig. 1. Contrasting predictions of the probability of a conditioned re-
sponse (CR) for delay (white circles) and trace (black circles) condi-
tioning as a function of the recent history of CS-alone (conditioned
stimulus alone) and CS-US (conditioned stimulus and unconditioned
stimulus) trials (adapted from Perruchet, 1985).

 

Table 1.

 

Distribution of CS-alone and CS-US trials

 

Parameter CS-alone trials CS-US trials

String length 4 3 2 1 1 2 3 4
Number of strings 3 6 12 24 24 12 6 3
Number of trials 12 18 24 24 24 24 18 12

 

Note

 

. String length refers to the number of consecutive trials with the 
conditioned stimulus (CS) alone or with paired presentations of both 
the CS and the unconditioned stimulus (US). The number of trials 
refers to the number of trials dedicated to each string length. A total of 
156 trials was presented.
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required 2 to 3 s, participants pressed the space bar to begin the next
trial, which occurred 5 to 10 s later (

 

M

 

 

 

�

 

 7.5 s). Thus, the intertrial in-
terval was about 10 s, on average. At the completion of each trial, the in-
dicator bar automatically reset to the center of the scale, where it
remained until the participants made their next prediction.

Each prediction was recorded as a function of how long a string of
CS-alone trials or CS-US trials had occurred when the prediction was
made. Thus, a total of 6 predictions was recorded after string lengths
of four (3 after strings of CS-alone trials and 3 after strings of CS-US
trials; see Table 1). In the case of string lengths of three, a total of 18
predictions was recorded (6 after strings of three CS-alone trials, 6 af-
ter strings of three CS-US trials, plus 6 after the third trial of each
string of four; see Table 1). Similarly, 42 predictions were recorded af-
ter string lengths of two (24 after string lengths of two, 12 after the
second trial of each string of three, and 6 after the second trial of each
string of four). Finally, 89 predictions were recorded after string
lengths of one (the prediction made before the first trial was not re-
corded). Altogether, there were 156 trials, and 155 predictions were
recorded (89 

 

�

 

 42 

 

�

 

 18 

 

�

 

 6).

 

RESULTS

 

Figure 2 shows the mean prediction scores for the two groups as a
function of how many CS-alone or CS-US trials had just occurred.
The finding of interest was that in both the delay and the trace group,
participants were less likely to expect an airpuff to be delivered on the
next trial if they had just experienced a series of trials in which an air-
puff was delivered (CS-US trials). In addition, participants were more
likely to expect an airpuff on the next trial if they had just experienced
a series of trials in which an airpuff was not delivered (CS-alone tri-
als). Moreover, the longer the string of immediately preceding CS-US
(or CS-alone) trials, the more confident was the prediction that the
next trial would not include (or include) the US; the linear trend across
string lengths was significant for both the delay group, 

 

F

 

(1, 19) 

 

�

 

10.9, 

 

p

 

 

 

�

 

 .01, and the trace group, 

 

F

 

(1, 17) 

 

�

 

 4.91, 

 

p

 

 

 

�

 

 .05. The ef-
fect of string length on predictions was similar in the two groups (

 

F

 

s 

 

�

 

1.31, 

 

p

 

s 

 

�

 

 .10, for the effect of group and the Group 

 

�

 

 String Length
interaction). These findings extend the observations of Perruchet
(1985), who used a similar procedure for studying delay conditioning.
The findings for both delay and trace conditioning illustrate the phe-
nomenon known as the gambler’s fallacy.

Despite the fact that the predictions about the US made by the two
groups were influenced in the same way by the recent history of CS-
alone trials and CS-US trials, the CRs emitted by the two groups were in-
fluenced very differently. Figure 3 shows the median percentage of CRs
as a function of string length. (Medians were used because the percent-
age of CRs at every string length was positively skewed.) For the delay
group, conditioning performance reflected the recent strength of the CS-
US association. That is, participants in the delay group were most likely
to emit a CR when they had just experienced a consecutive series of CS-
US trials. They were least likely to emit a CR when they had just experi-
enced a consecutive series of CS-alone trials. Using the method of least
squares, we determined the best linear fit for the delay group’s medians
in Figure 3. The slope of the best-fitting line was 

 

�

 

1.96.
A randomization procedure (Edgington, 1987; Westfall & Young,

1993) was used to evaluate the delay group’s performance statistically.
We randomly sampled (with replacement) 10,000 different orders for
the eight values in Figure 3, out of the 8! (40,320) possible ways in
which these values could be ordered. A slope more extreme than the

slope that we obtained (i.e., 

 

�

 

 

 

�

 

1.96) was obtained in fewer than 1%
of the sampled orders. That is, using this procedure, the 

 

p

 

 value for the
slope of the line fit through the data for the delay group in Figure 3
was .009. The same procedure was implemented two additional times,
and 

 

p

 

 values of .010 and .009 were obtained.
For the trace group, in contrast to the delay group, conditioning per-

formance paralleled the predictions that were made about whether a US
would appear on the next trial. That is, participants in the trace group
were most likely to emit a CR on trials that they had predicted would in-
clude an airpuff. They were least likely to emit a CR on trials that they
had predicted would not include an airpuff. Using the method of least
squares, we determined that the best-fitting line for the medians in Fig-
ure 3 had a slope of 

 

�

 

2.73. The same randomization procedure de-
scribed for the delay group indicated that the slope obtained for the trace
group was significant. On three implementations of this procedure, 

 

p

 

values of .049, .050, and .050 were obtained.
Finally, the randomization procedure was used to determine if the de-

lay and trace groups differed from each other with respect to the slopes
of the lines that best fit their data. We randomly sampled with replace-
ment from the total of 3.36 

 

�

 

 10

 

10

 

 possible combinations by which sets

Fig. 2. Participants’ judgments (on a scale from �3.0 to � 3.0) of how
likely they thought it was that the airpuff unconditioned stimulus (US)
would appear on the next trial. String length (1 to 4) refers to the num-
ber of consecutive trials, immediately prior to the trial on which a pre-
diction was made, in which the conditioned stimulus (CS) alone had
been presented or both the CS and the US had been presented. (The ap-
pearance of the US was in fact independent of string length.)
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of eight data points (eight from each of 38 participants) can be parti-
tioned into two different groups (

 

n

 

 

 

�

 

 20 and 

 

n

 

 

 

�

 

 18). In 10,000 samples,
an absolute difference in slopes greater than the observed difference
(4.69) was obtained in fewer than 2.8% of the samples. That is, using this
procedure, the two-tailed 

 

p

 

 value for the difference in slopes that we ob-
tained was .0278. The randomization procedure was implemented two
additional times, and 

 

p

 

 values of .027 and .034 were obtained.
The overall conditioning performance was similar in the two

groups (25.8% and 23.0% for the delay and trace groups, respec-
tively). (Medians were used because the distribution of percentage of
CR scores was positively skewed in both groups.) The level of condi-
tioning was relatively low overall, presumably because the US was
omitted on half the trials. Thus, the CS-alone trials would have served
as extinction trials and attenuated the strength of the CS-US associa-
tion. In any case, even though the overall level of conditioning was
similar for the delay and trace groups, the probability of emitting a CR
was influenced differently in the two groups by the recent history of
CS-alone and CS-US trials.

 

DISCUSSION

 

Participants in the delay and trace conditioning groups exhibited
the same pattern of predictions when they were asked whether a US

would occur on the next trial. In both groups, expectation of the US in-
creased as the string length of CS-alone trials increased, and expecta-
tion of the US decreased as the string length of CS-US trials increased
(Fig. 2). This pattern of predictions, which is known as the gambler’s
fallacy, occurred despite the fact that the probability of a US on each
trial was unrelated to the string length. These results confirm Per-
ruchet’s (1985) finding for delay eyeblink conditioning and extend the
results to trace conditioning.

The striking finding concerned how strings of CS-alone and CS-
US trials affected conditioned responding (Fig. 3). As Perruchet
(1985) found, participants given delay conditioning exhibited more
CRs following longer runs of CS-US trials (i.e., acquisition of the CR
was stronger), and they exhibited fewer CRs following strings of CS-
alone trials (i.e., extinction of the CR was stronger). The finding that
conditioned responding was influenced not by expectancy but by the
recent frequency of CS-alone and CS-US trials provides particularly
strong evidence that delay eyeblink conditioning in humans is an ex-
ample of nondeclarative memory and is unrelated to awareness (Clark &
Squire, 1998; Grant, 1973; Papka, Ivry, & Woodruff-Pak, 1997). This
view of delay conditioning is similar to earlier accounts of classical
conditioning that emphasized the importance of associative strength
(Bush & Mosteller, 1951; Prokasy & Kumpfer, 1969).

The results from trace conditioning were opposite those from delay
conditioning. Participants in the trace group exhibited more CRs fol-
lowing longer runs of CS-alone trials (when expectancy of the US was
higher), and they exhibited fewer CRs following strings of CS-US tri-
als (when expectancy of the US was lower). These findings show that
trace conditioning was related to expectation of the US, that is, to the
subjective belief that the US would occur. Thus, the results for trace
conditioning are reminiscent of earlier accounts of classical condition-
ing that emphasized the importance of expectancy (Bolles, 1972;
Bolles & Fanselow, 1980).

For delay conditioning, the results were closely related to the
strength of the CS-US association. Indeed, this relationship was nearly
monotonic (Fig. 3). The results for trace conditioning were opposite to
those for delay conditioning and were related to expectation rather
than to associative strength. However, the results for trace condition-
ing depended mainly on the long strings (four consecutive CS-alone
trials and four consecutive CS-US trials), and there was little effect of
string lengths of one, two, or three. Associative strength appears to in-
crease with each consecutive CS-US trial, and to decrease with each
consecutive CS-alone trial, and delay conditioning exhibits corre-
sponding increments and decrements. By contrast, in the case of trace
conditioning, expectation may need to exceed some threshold for per-
formance to be affected.

The present findings can be understood in terms of the declarative
and nondeclarative memory systems that support eyeblink classical con-
ditioning. In both delay and trace conditioning sessions, participants
sometimes develop declarative (conscious) knowledge about the stimu-
lus contingencies and sometimes do not. For delay conditioning, declar-
ative knowledge is superfluous to the acquisition of the CR (Clark &
Squire, 1998, 1999; Papka et al., 1997). Results from studies in the rab-
bit indicate that the cerebellum and associated brain stem structures are
necessary and sufficient to accomplish delay eyeblink conditioning and
that conditioning can in fact proceed normally in the absence of the
forebrain (Thompson & Krupa, 1994). Further, patients with cerebellar
lesions are deficient at delay eyeblink conditioning (Daum et al., 1993).

Trace conditioning also depends on the cerebellum (Woodruff-Pak,
Lavond, & Thompson, 1985) but is additionally dependent on the hip-

Fig. 3. Median percentage of conditioned responses (CRs) as a func-
tion of string length. String length refers to the number of consecutive
trials, immediately prior to the trial on which a prediction was made,
in which the conditioned stimulus (CS) alone had been presented or
both the CS and the unconditioned stimulus (US) had been presented.
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pocampus (Kim, Clark, & Thompson, 1995; McGlinchey-Berroth,
Carrillo, Gabrieli, Brawn, & Disterhoft, 1997; Moyer, Deyo, & Dister-
hoft, 1990; Solomon, Vander Schaaf, Thompson, & Weisz, 1986). Un-
like delay conditioning, trace conditioning depends on acquiring
declarative knowledge (or awareness) of the CS-US contingencies
(Clark & Squire, 1998, 1999; Manns et al., 2000a, 2000b) and is
strongly influenced by whether the US is expected (present study).
Most forms of declarative knowledge develop together with aware-
ness. Thus, declarative knowledge may develop naturally whenever
the hippocampus and related structures are engaged in their normal
function of binding together the elements of an episode for long-term
memory storage (Eichenbaum & Cohen, 2000; Squire, 1992). In this
view, trace conditioning requires the hippocampus (and declarative
knowledge) because the trace interval between the CS and the US
makes it difficult to process the CS-US relationship in an automatic,
reflexive way. Instead, the neocortex is required to represent the CS-
US relationship, and the hippocampus and related structures work
conjointly with the neocortex to achieve the representation.

Although hippocampal-cortical interaction (and declarative knowl-
edge) promotes the development of the CR in the cerebellum, this
knowledge or expectancy does not appear to directly drive or produce
the CR. Two findings support the idea that the cerebellum itself drives
the CR, and that the hippocampal formation provides input that the
cerebellum needs. First, in a recent study that tracked trial-by-trial
awareness during differential trace conditioning (Manns et al., 2000b),
participants pressed a button when they believed the US was about to
occur. As a group, participants came to exhibit highly reliable differ-
ential button pushes in excess of 90% (percentage of button pushes in
response to the CS

 

�

 

 minus percentage of button pushes in response to
the CS

 

�

 

). Yet button-press performance was far better than differen-
tial eyeblink responses, which never exceeded 45% as a group. Thus,
trace eyeblink CRs did not result directly from knowing that the US
was about to occur. Second, in the present study, the level of CR re-
sponding for the trace group was related to expectation of the US, but
was nevertheless not highly correlated with the prediction score on a
trial-by-trial basis (mean point biserial correlation across partici-
pants 

 

�

 

 .04).
We suggest that in the case of trace conditioning, the cerebellum is

responsible for the acquisition, storage, and generation of the CR, and
the hippocampal formation provides input to the cerebellum that is es-
sential for the acquisition process. One possibility is that the hippo-
campus provides temporally shifted information to the cerebellum so
that the CS and US arrive at the cerebellum in the temporally overlap-
ping fashion that the cerebellum can use. In this view, declarative knowl-
edge of the CS-US contingencies (Clark & Squire, 1998), the ability to
predict the US (Manns et al., 2000b), and expectancy of the US (present
study) are all good indicators that the hippocampal system is effec-
tively engaged by the task and working with the cerebellum so that the
cerebellum can generate the CR.

 

REFERENCES

 

Bolles, R.C. (1972). Reinforcement, expectancy, and learning. 

 

Psychological Review

 

, 

 

79

 

,
394–409.

Bolles, R.C., & Fanselow, M.S. (1980). Perceptual-defensive-recuperative model of fear
and pain. 

 

Behavioral and Brain Sciences

 

, 

 

3

 

, 291–323.
Bush, R.R., & Mosteller, F. (1951). A model for stimulus generalization and discrimina-

tion. 

 

Psychological Review

 

, 

 

58

 

, 413–423.
Clark, R.E., & Squire, L.R. (1998). Classical conditioning and brain systems: The role of

awareness. 

 

Science

 

, 

 

280

 

, 77–81.
Clark, R.E., & Squire, L.R. (1999). Human eyeblink classical conditioning: Effects of ma-

nipulating awareness of the stimulus contingencies. 

 

Psychological Science

 

, 

 

10

 

, 14–18.
Clark, R.E., & Squire, L.R. (2000). Awareness and the conditioned eyeblink response. In

D.S. Woodruff-Pak & J.E. Steinmetz (Eds.), 

 

Eyeblink classical conditioning: Hu-
man

 

 (pp. 229–251). Norwell, MA: Kluwer Academic.
Daum, I., Schugens, M.M., Ackermann, H., Lutzenberg, W., Dichgans, J., & Birbaumer,

H. (1993). Classical conditioning after cerebellar lesions in humans. 

 

Behavioral
Neuroscience

 

, 

 

107

 

, 748–756.
Edgington, E.S. (1987). 

 

Randomization tests

 

 (2nd ed.). New York: M. Dekker.
Eichenbaum, H., & Cohen, N.J. (2000). 

 

From conditioning to conscious recollection:
Memory systems of the brain

 

. New York: Oxford University Press.
Finkbiner, R.G., & Woodruff-Pak, D.S. (1991). Classical eye-blink conditioning in adult-

hood: Effects of age and interstimulus interval on acquisition in the trace paradigm.

 

Psychological Aging

 

, 

 

6

 

, 109–117.
Grant, D.A. (1973). Cognitive factors in eyelid conditioning. 

 

Psychophysiology

 

, 

 

10

 

, 75–81.
Kim, J.J., Clark, R.E., & Thompson, R.F. (1995). Hippocampectomy impairs the memory

of recently, but not remotely, acquired trace eyeblink conditioned responses. 

 

Behav-
ioral Neuroscience

 

, 

 

109

 

, 195–203.
Manns, J.R., Clark, R.E., & Squire, L.R. (2000a). Awareness predicts the magnitude of

single-cue trace eyeblink conditioning. 

 

Hippocampus

 

, 

 

19

 

, 181–186.
Manns, J.R., Clark, R.E., & Squire, L.R. (2000b). Parallel acquisition of awareness and

trace eyeblink classical conditioning. 

 

Learning and Memory

 

, 

 

7

 

, 267–272.
McGlinchey-Berroth, R., Carrillo, M.C., Gabrieli, J.D.E., Brawn, D.M., & Disterhoft, J.F.

(1997). Impaired trace eyeblink conditioning in bilateral, medial-temporal lobe am-
nesia. 

 

Behavioral Neuroscience

 

, 

 

100

 

, 243–252.
Moyer, J.R., Deyo, R.A., & Disterhoft, J.F. (1990). Hippocampectomy disrupts trace eye-

blink conditioning in rabbits. 

 

Behavioral Neuroscience

 

, 

 

104

 

, 243–252.
Papka, M., Ivry, R.B., & Woodruff-Pak, D.S. (1997). Eyeblink classical conditioning and

awareness revisited. 

 

Psychological Science

 

, 

 

8

 

, 404–408.
Perruchet, P. (1985). A pitfall for the expectancy theory of human eyelid conditioning.

 

Pavlovian Society of Biological Sciences

 

, 

 

20

 

, 163–170.
Prokasy, W.F., & Kumpfer, K.A. (1969). Conditional probability of reinforcement and se-

quential behavior in human conditioning with intermittent reinforcement schedules.

 

Psychonomic Science

 

, 

 

74

 

, 71–80.
Solomon, P.R., Vander Schaaf, E.R., Thompson, R.F., & Weisz, D.J. (1986). Hippocampus

and trace conditioning of the rabbit’s classically conditioned nictitating membrane
response. 

 

Behavioral Neuroscience

 

, 

 

100

 

, 729–744.
Squire, L.R. (1992). Memory and the hippocampus: A synthesis from findings with rats,

monkeys, and humans. 

 

Psychological Review

 

, 

 

99

 

, 195–231.
Thompson, R.F., & Krupa, D.J. (1994). Organization of memory traces in the mammalian

brain. 

 

Annual Review of Neuroscience

 

, 

 

17

 

, 519–550.
Westfall, P.H., & Young, S.S. (1993). 

 

Resampling-based multiple testing

 

. New York: John
Wiley & Sons.

Woodruff-Pak, D.S., Lavond, D.G., & Thompson, R.F. (1985). Trace conditioning: Abol-
ished by cerebellar nuclear lesions but not lateral cerebellar cortex aspirations.

 

Brain Research

 

, 

 

348

 

, 249–260.

 

(R

 

ECEIVED

 

 9/7/00; A

 

CCEPTED

 

 10/24/00)

Acknowledgments—This work was supported by the Medical Research
Service of the Department of Veterans Affairs, National Institute of Mental
Health Grant MH 24600, the National Alliance for Research on Schizophre-
nia and Depression (NARSAD), and the Metropolitan Life Foundation. We
thank Craig Stark, Mark Appelbaum, and Shauna Stark for assistance.


