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The ability of bilateral medial temporal lobe amnesic patients (MT; n = 8) and normal participants (NC;
n = 8) to acquire a conditional discrimination in trace and delay eyeblink conditioning paradigms was
investigated. Experiment 1 assessed trace conditional discrimination learning by using alight conditional
stimulus (S+/S—) and tone conditioned stimulus (CS) separated by a 1-s trace. NCs responded
differentially on S+ trials (mean percent conditioned responses = 66) versus S— trials (30), whereas
MTs were impaired in their acquisition of the conditional discrimination (S+ = 51, S— = 43). In
Experiment 2, the temporal separation was eliminated. NCs acquired the conditional discrimination (S+
= 70, S— = 29). MTswere unable to respond differentialy (S+ = 42, S— = 37). Thefindings indicate
that the hippocampa system is essentia in acquiring a conditional discrimination, even in a delay paradigm.

The hippocampus and related structures play a crucial role in
learning. One type of learning in which the hippocampus has been
implicated isthe acquisition of aconditional discrimination, aform
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of complex associative learning involving two conditions of dif-
ferential reinforcement (Daum, Channon, & Canavan, 1989; Daum
Channon, Polkey, & Gray, 1991).

Investigations of associative learning in memory-disordered in-
dividuals using the eyeblink classical conditioning paradigm have
ranged from relatively simple learning tasks, such as smple dis-
crimination learning, to more complex and demanding paradigms,
including trace discrimination learning and conditional discrimi-
nation learning. Daum, Channon, and Gray (1992) investigated
simple two-tone discrimination learning in 16 patients who had
undergone right or left unilateral tempora lobe resections as
compared with a control group. Tempora |obectomy patients,
regardiess of laterality, were able to learn a simple two-tone
discrimination and then extinguish the response to the same extent
as the normal control participants.

Daum, Breitenstein, Ackermann, and Schugens (1997) later
investigated discrimination reversal learning in amnesic patients.
Nine amnesic patients (including both hippocampal and dience-
phalic damage) and 9 matched control participants were tested in
both a simple discrimination and a discrimination reversal task.
Similar to the control participants, amnesic patients produced a
significantly greater number of conditioned responses (CRs) on
reinforced trials (conditioned stimulus [CS]+) than on nonrein-
forced trials (CS—) during discrimination learning, replicating
Daum et al.’s (1992) earlier study. During reversal learning, how-
ever, the amnesic patients produced a similar number of CRs
during both trial types, whereas the control participants were able
to reverse the discrimination by extinguishing CRs to the old CS+
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and producing CRs to the old CS—. Because the authors did not
analyze the data on the basis of etiology, it is difficult to draw
conclusions about the role of specific neural substrates (hippocam-
pal vs. diencephalic structures) in these tasks. These initial studies
by Daum’s laboratory support the notion that simple delay dis-
crimination is likely spared in bilateral medial temporal lobe as
well as diencephalic damage.

To further define the role of the hippocampal system in partic-
ular, Carrillo and colleagues (Carrillo et a., 2001) conducted an
investigation of discrimination reversal learning in the context of a
delay paradigm in a group of 8 hilateral medial temporal lobe
amnesic patients and matched controls. The medial temporal am-
nesic patients were able to learn theinitial discrimination but were
unable to reverse the previously acquired discrimination during the
reversa learning phase, producing a similar number of CRs on
both the CS+ and CS— trials. These results further support the
idea that the hippocampal system is not essentia in initial acqui-
sition of a delay discrimination paradigm but becomes more crit-
ical as task complexity increases, such as during discrimination
reversal.

Clark and Squire (1998) also investigated simple delay and trace
discrimination in 4 severely amnesic patients and 48 normal con-
trol participants. Results from this comprehensive study indicated
that amnesic patients were able to acquire CRs differentialy,
depending on trial type, in both delay discrimination tasks but were
unable to acquire differential conditioning in either of the trace
discrimination tasks. On a post-testing questionnaire of awareness
(true—false format), none of the amnesic patients displayed aware-
ness of the stimulus contingencies. Normal control participants
who were aware of the stimulus contingencies demonstrated dif-
ferential conditioning in the trace tasks, whereas the unaware
normal control participants performed similarly to the amnesic
patients. On the basis of this analysis of awareness, Clark and
Squire (1998, 1999) suggested that hippocampal damage in hu-
mans selectively impairs declarative memory but spares proce-
dural memory function and proposed that the important factor for
learning in trace conditioning is declarative knowledge of the task
demands, that is, awareness of the stimulus contingencies.

Daum et al. (1989) were the first to investigate conditional
discrimination learning in humans. This small group (n = 3) of
memory-disordered patients of mixed etiology demonstrated an
increase in CR acquisition across learning blocks. However, re-
sults indicated that patients produced CRs on approximately the
same number of reinforced trias as they did during nonreinforced
trials, indicating that the patients were not discriminating between
the two tria types. The normalcy of the patients' acquisition and
extinction were difficult to assess from this study because of the
small size of the patient group and the lack of a control group.

On the basis of the inconclusive results described above, Daum
et al. (1991) further investigated conditional discrimination learn-
ing in unilateral temporal lobe patients (right, n = 8; left, n = 9),
frontal lobe patients (n = 6), and normal control participants (n =
17). Conditional learning was manipulated with the use of two
conditional stimuli according to a 2:1 reinforcement schedule.
Learning trials consisted of a 4-s signa light (S+); a 1-s trace
period; an 800-ms, 1000-Hz, 65-dB tone CS; and an 80-ms airpuff
unconditioned stimulus (US) that coterminated with the tone.
During nonreinforced trials, a different color light signal was
presented and there was no US. Unilateral temporal lobe patients,
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regardless of lateralization of lesion site, were unable to differen-
tially respond to the S+ and S— trials. Further analysis demon-
strated that the temporal lobe patients responded similarly to the
control group during S+ trials but differed significantly during S—
trials, such that they produced a significantly higher number of
CRs. Normal control participants and all but 1 frontal patient were
aware of the stimulus contingencies, whereas only about half of the
temporal lobe patients demonstrated awareness. When the data
from the tempora lobe patients were analyzed as a function of
awareness, the unaware patients produced a greater number of CRs
on S— trialsthan S+ trials as compared with the aware group. The
aware group did not show a significant difference between S+ and
S— CR production, indicating that awareness was not the crucial
factor in acquisition.

Daum et a. (1991) argued that the impairment in discrimination
learning was due to deficits in configura cue learning (Sutherland
& Rudy, 1989), impaired if-then rules (Hirsch, 1974), or impaired
response inhibition as observed in some studies of animals with
hippocampal lesions (Gray & McNaughton, 1983). These conclu-
sions may be premature, however, because of a number of limi-
tations of Daum et al.’s study. First, the study investigated only
unilateral patients and lacked specification of the unilateral tem-
poral lobe patients memory functioning (no neuropsychological
test data were presented). Further, it was unclear whether the 1-s
trace period between the light (S+) and the tone (CS) or the
conditional discrimination itself (binding the two pieces of infor-
mation together) led to the observed impairment.

The present study extends this line of research to further inves-
tigate the underlying cause of impairment in amnesic patients
ability to learn a conditional discrimination. Daum et a. (1991)
noted that their data allowed them to eliminate a“trace” account of
the patients' impaired performance, suggesting that if such were
the case it would have led to reduced responding on S+ trials. We
suggest, however, that their data cannot rule this possibility out
completely and that the impairment might have been due to a
temporal processing deficit, given that there was a 1-s gap between
the S+/S— and the tone CS. If amnesic patients are impaired
in generating and/or maintaining a stimulus trace, as demon-
strated in McGlinchey-Berroth et a.’s trace conditioning study
(McGlinchey-Berroth, Carrillo, Gabrieli, Brawn, & Disterhoft,
1997), the patients would have been unable to associate the
S+/S— to the tone/airpuff configuration in order for the delay
conditioning of the tone to be conditional. In other words, being
unable to represent the light through the 1-s gap may have essen-
tially eliminated the light's effect on conditioning. Functionally, it
would be as if the light were not present, which would lead to
equal responding to both the S+ and S—. Therefore, we investi-
gated whether the conditional discrimination deficit observed by
Daum et al. was attributable to a deficit in temporal processing.

Experiment 1 assessed trace conditional discrimination learning
using alight conditional stimulus (S+/S—) and tone CS separated
by a 1-strace period. It was predicted that this study would extend
findings of a conditional discrimination deficit observed by Daum
and colleagues (Daum et a., 1991) from unilateral temporal lo-
bectomy patients to severely amnesic patients with bilateral tem-
poral lobe pathology. In Experiment 2, the temporal separation
between the light and tone was removed, with the goal of elimi-
nating the need for the amnesic patients to form a memory trace of
the S+, which might permit successful acquisition. Thus, in Ex-
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periment 2, the tone and light overlapped temporally. This stimu-
lus arrangement automatically bound the S+/S— with the tone. By
eliminating the temporal processing requirement (trace period), it
was hypothesized that conditioning similar to that of the delay-
discrimination learning task might be accomplished.

Method

Participants

There were 8 bilateral medial temporal lobe (MT) patients and 8 control
participants. Fourteen of the 16 participants had participated in previous
eyeblink conditioning studies (Capozzi, Fortier, McGlinchey-Berroth, &
Disterhoft, 2002; Carrillo et a., 2001; Gabrieli et a., 1995; McGlinchey-
Berroth, Brawn, & Disterhoft, 1999; McGlinchey-Berroth et a., 1997).
Because 1 MT amnesic patient had not been tested in any previous
eyeblink experiments, a matched untrained control participant was also
recruited to control for possible transfer of learning across eyeblink para-
digms. Approximately half of the amnesic patients have had extensive
experience with conditioning studies (see Table 1). Amnesic and control
participants were matched for prior experience with eyeblink conditioning
studies. Possible effects of prior training are addressed in the Discussion.

Amnesic participants. The amnesic patients in this study were re-
cruited from the Memory Disorders Research Center at the Veterans
Affairs Boston Healthcare System. Amnesic patients were recruited from
area hospitals and referred to the Center by a neurologist. Etiologies
included anoxia (n = 6), encephalitis (n = 1), and status epilepticus (n =
1). Amnesia was defined based on the presence of two factors: (1) an
impairment in new learning in the context of preserved intellect, and (2)
presumed or confirmed bilateral damage to the hippocampal system. Con-
firmation of bilateral damage to the hippocampal formation was obtained
by CT or MRI in 6 of the 8 cases. Of the remaining 2 cases, 1 had enlarged
ventricles and diffuse cortical atrophy, and the other had moderate white
matter and cortical atrophy (both were amnesic as a result of an anoxic
episode).

The impairment in new learning over time was determined with neuro-
psychological testing. Demographic and neuropsychologica characteris-
tics of the amnesic participants are presented in Table 2 and include age
(M = 53, SEM = 6.08), years of education (M = 15, SEM = 1.20),
etiology, performance on the Wechsler Memory Scale—Third Edition, the
Warrington Recognition Test, and the Wechsler Adult Intelligence Scale—
Third Edition (WAIS—II1).

Table 1
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Control participants. The participants in this study were recruited
from the Memory Disorders Research Center in Boston by means of
distribution of flyers at local institutions, advertisements in local newspa-
pers, and from the Harvard Cooperative Program on Aging. Control
participants were recruited from a pool of volunteers and screened to be
free of any neurological disease or illness. The control group was matched
to the amnesic patients with regard to age (M = 52, SEM = 5.65), years
of education (M = 16.5, SEM = 0.73), and verbal intelligence as measured
by the WAIS—III (M = 111, SD = 4.01). t tests indicated that the medial
temporal amnesic patients and control participants were equivalent on each
of these measures (ps > .16).

Procedure

Apparatus. The apparatus used was a modified version of that used for
eyeblink conditioning in the rabbit (Akase, Thompson, & Disterhoft, 1994;
Knuttinen, Power, Preston, & Disterhoft, 2001; Thompson, Moyer, Akase,
& Disterhoft, 1994). Eyeblink responses were measured with surface
electromyography (EMG) electrodes (Nicolet Biomedical, Madison, WI)
placed over the orbicularis oculi muscle of the right eye. An adjustable
headband was worn to support the airpuff delivery nozzle.

Data were acquired by a custom data acquisition system developed with
National Instruments LabVIEW (National Instruments, Austin, TX). Data
were acquired at 5 kHz and filtered at 2 kHz with a low-pass Bessel filter.
Stimulus presentation and data acquisition were controlled by custom
software written in LabVIEW. EMG activity was digitized at 2-5 kHz. The
digitized EMG signal was rectified (absolute value of the amplitude) and
integrated, with a decay time constant of 10 ms. The integrated—rectified
signa is well correlated with eyelid closure measured with reflectance
eyelid detectors (Knuttinen et al., 2001).

Stimuli and design.  The two experiments consisted of a seria light—
tone compound stimulus. The light conditional stimulus (S+ or S—) was
either green or red and signaled the onset of areinforced or anonreinforced
trial. The assignment of the light to these two conditions was counterbal-
anced across subjects. The light wasilluminated for aperiod of 4 s. The CS
was a 1000-Hz, 85-dB tone that was presented for a period of 800 ms. In
Experiment 1 (see Figure 1), the tone followed the light after a 1-s silent
trace period. In Experiment 2 (Figure 2), the tone was presented 3,300 ms
following light onset (the light offset immediately prior to US onset),
creating a temporally contiguous light—tone stimulus arrangement. In both
experiments, the tone terminated simultaneously with the 100-ms airpuff
US. Prior to the onset of each trial, there was a 750-ms baseline recording

Patient Participation in Previous Eyeblink Classical Conditioning Sudies

Study type and stimuli

Temporal Discrimination
Delay Trace discrimination reversal Trace interval

(tone CS) (tone CS) (2 tone CSs) (2 tone CSs) (tone CS)

Gabrieli McGlinchey-Berroth McGlinchey-Berroth Carrillo Capozzi
Patient et al., 1995 et d., 1997 et a., 1999 et al., 2001 et d., 2002
K. D. O
P.D O O O O O
R. G O
R. L O O O
J M O O
P.S O O O O O
W. S
S S O O O O O

Note. Check mark indicates that patient participated in this study prior to participation in the conditional

discrimination task. CS = conditioned stimulus.



1184

Table 2
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Patient Demographic and Neuropsychological Characteristics

WMSHII

Warrington

WAISHII Generad Visual Auditory Working

Patient Age Education Etiology Verba IQ memory delay delay memory Words Faces
K.D. 23 10 epilepsy 92 45 50 58 81 36 36
P.D. 65 20 anoxia 111 52 56 64 83 26 26
R.G. 47 14 anoxia 92 45 56 55 85 24 34
R.L. 73 18 anoxia 113 75 72 80 102 35 33
J M. 52 12 anoxia 83 52 56 55 91 31 33
P. S 43 14 anoxia 90 45 53 52 93 33 29
W.S. 46 14 anoxia 111 59 72 52 96 41 43
S S 74 18 encephalitis 135 45 53 58 141 35 32

M 53 15 103 52 59 59 97 33 33

S 170 34 17.0 11.0 8.6 9.2 19.0 55 5.0

Note. The Wechsler Adult Intelligence Scale—Third Edition (WAIS-II1) and the Wechsler Memory Scale—
Third Edition (WMS-III) scaled scores yield a normalized, age-adjusted mean of 100. On the Warrington
Recognition test, one point is scored for each of 50 items. Age and education are expressed in years.

period. The intertrial interval during conditioning and extinction averaged
8 s but varied randomly from 4 to 12 s. Presentation of trial type was
determined by computer-generated pseudorandomized series such that no
more than three reinforced or nonreinforced trials could occur in succes-
sion. Seventy-two mixed acquisition trials were given, half reinforced
(S+), half nonreinforced (S—). A series of 12 extinction trials followed
acquisition during both trace and delay experiments. During extinction
trials, the S+/S— (light) and the CS (tone) were presented without the
airpuff.

All subjects participated in Experiment 1, trace conditional discrimina-
tion learning, followed by Experiment 2, delay conditional discrimination
learning. This order of participation was adhered to in an effort to eliminate
possible carry-over learning effects that could boost participants' perfor-
mance from delay to trace conditiona discrimination learning if delay
conditioning had been administered prior to trace conditioning. The inter-
val between Experiments 1 and 2 averaged approximately 1-2 months for
each participant.

Each participant underwent an audiology screening with a portable
audiometer (Model 119, Beltone Electronics Corp., Chicago, IL). The
criterion of Solomon (Solomon, Pomerleau, Bennet, Jams, & Morse, 1989)
was used, which demanded that participants whose threshold in either ear
was greater than 15 dB above normal (40 dB) be excluded. However, all

participants' thresholds fell within the normal range, and thus none of the
participants recruited for this study were excluded on the basis of the
results of the audiology screening. Participants were then seated in an
upright chair in adimly lit room and fitted with the eyeblink apparatus by
the examiner. Throughout the session, the experimenter sat in the same
room, out of the direct view of the participant, and answered questions as
they arose. Prior to the acquisition phase, the experimenter read the
following instructions:

Please listen carefully to the following instructions. Remain seated
comfortably and look straight ahead, avoiding all eye movements such
as looking around the room. Please do not touch the headband or
earphones at any time during the experiment, yet if you feel uncom-
fortable or feel you need to adjust anything, please let me know and
I will stop the experiment to make any adjustments.

You will see, hear and feel a series of stimuli during the session.
These stimuli will consist of some lights, beeps and a light puff of air.
Please feel free to blink whenever you want. All you are asked to do
is to concentrate on what is going on and let your natural reactions
take over.

4-s light
S+ light 1
1-s gap I |
tone 800-ms tone
airpuff rl
airpuff
4-s light
S— light 2
1-s gap I l
800-ms tone
tone
No airpuff
750-ms baseline CS+ or CS=: 4-s light -> 1-s gap -> time
800-ms tone and US (80-ms airpuff) or no US
Figure 1. Trace conditional discrimination learning. S+ = reinforced conditional stimulus; S— = nonrein-

forced conditional stimulus; CS = conditioned stimulus; US = unconditioned stimulus.
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4-s light
S+ light 1 S— l
tone |800-ms tone I
airpuff o
4-s light
S— light — |
tone lSOO-ms tone I

No airpuff -

750-ms baseline S+ or S—: 4-5 light

- [1-s gap --->] time
CS: 800-ms tone and US (80-ms airpuff) or no US

Figure 2. Delay conditional discrimination learning. S+ = reinforced conditiona stimulus, S— = nonrein-
forced conditional stimulus, CS = conditioned stimulus; US = unconditioned stimulus.

Definitions

Eyeblink responses that reached 4 SD above the mean baseline ampli-
tude for a minimum duration of 15 ms were classified as CRs if they
occurred more than 100 ms after CS onset, to correct for voluntary
responses (Gormezano, 1966). Alpha, or short-latency, responses were
classified as those eyeblinks that occurred during the first 100 ms of the CS
(Gormezano, 1966) and were not counted as CRs. Blinks occurring during
the 750-ms baseline period that reached 4 SD above the mean baseline
amplitude for aminimum duration of 15 ms were classified as spontaneous
blinks. The unconditioned response (UR) amplitude was used to confirm
that participants were adequately stimulated to permit conditioning to
occur and to ensure that the unconditioned reflex was intact.

Awareness

Immediately following each experiment, participants were given post-
session questionnaires in which they were asked a series of five questions
concerning stimulus contingencies:

1. What do you think was going on in the experiment?

2. Do you think there was any relationship between the lights and
the airpuff?

3. Do you think there was any relationship between the lights and
the tone?

4. Do you think there was any relationship between the tone and the
airpuff?

5. Did you notice anything different happening during various parts
of the experiment?

Participants were given an awareness rating from 0-5 on the basis of their
explicit awareness or recall of stimulus contingencies as assessed with this
open-ended postsession questionnaire.

Results

The primary dependent measure used to determine the extent to
which participants acquired the conditional discrimination was the
overall level of acquisition as measured by the mean percentage of
trials on which a participant produced a CR. Other dependent

variables examined included characteristics of both the CRs and
URs: CR onset latency, peak latency, amplitude, and duration, and
UR onset latency, amplitude, and duration. CR onset latency refers
to the time at which the CR amplitude first reached 4 SD above
baseline. CR peak latency represents the time at which the given
CR reached its highest amplitude. CR peak latency likely captures
the level of adaptiveness of a CR (optimally, a CR will peak just
before the onset of the airpuff). CR amplitude is measured as peak
amplitude and refers to the amount of EMG muscle activity during
aCR. CRduration refers to the length of time a CR remains 4 SD
above baseline. UR onset latency refers to the time at which the
UR amplitude first reaches 4 SD above baseline. UR amplitude is
measured as peak amplitude and refers to the amount of EMG
muscle activity during the UR period, and reflects the uncondi-
tioned reflex in response to the airpuff. UR duration refers to the
length of time a UR remains 4 SD above baseline.

Each of the dependent measures was analyzed with a repeated
measures analysis of variance (ANOVA) with group (MT, NC) as
a between-subjects factor and trial type (S+ vs. S—) as a within-
subjects factor. Analyses of covariance (ANCOVAS) were per-
formed to investigate the role of UR amplitude on dependent
measures of learning. Regression analyses were performed on the
percentage of trials on which a CR occurred as a function of
six-trial blocks to examine the rate of learning or acquisition. Last,
possible group differences in the number of spontaneous eyeblinks
were assessed with one-way ANOVAs.

Experiment 1: Trace Conditional Discrimination Learning

CRacquisition. The ANOVA indicated that the main effect of
group was not significant, F(1, 14) = 0.01, p = .92, suggesting
that the percentage of CRs acquired, collapsed across tria type,
was roughly equivalent in the amnesic patients and control partic-
ipants (MT: M = 47, SE = 9.9, NC: M = 48, SE = 5.2). The
ANOVA revealed a main effect of trial type, F (1, 14) = 22.95,
p < .01, indicating that, overall, more CRs occurred during rein-
forced versus nonreinforced trials (S+ trialss M = 58, SE = 5.4;
S— trialss M = 36, SE = 6.0). This main effect, however, was
qualified by the presence of a significant interaction of Group X
Trial Type, F(1, 14) = 9.72, p < .01. Analysis of this interaction
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using means comparisons revealed that control participants were
able to respond differentially on S+ trials (mean percentage
CRs = 66, SE = 5.89) versus S— trials (M = 30, SE = 4.54), F(1,
14) = 31.27, p < .01. Amnesic patients, in contrast, were impaired
in their ability to acquire the conditional discrimination (S+: M =
51, SE = 8.67; S—: M = 43, SE = 11.09). As shown in Figure 3,
the amnesic patients showed similar acquisition during reinforced
and nonreinforced trids, F(1, 14) = 1.40, p = .26. In addition, the
control participants produced significantly more CRs during S+
tridls (M = 66, SE = 5.89) than the amnesic patients (M = 51,
SE = 8.67), F(1, 14) = 5.60, p = .03, and there was a noticeable
trend toward production of fewer CRs during S— trials for control
participants (M = 30, SE = 4.54) as compared with amnesic
patients (M = 43, SE = 11.09), F(1, 14) = 4.18, p = .06.

Trace conditional discrimination learning curves. The per-
centage of trials on which a CR occurs was expected to increase
during reinforced trials during the initial phases of learning. Con-
versely, the percentage of CRs produced for nonreinforced trials
was expected to remain stable or decrease across learning trials. As
can be seen in Figure 4, when conditioning trials were collapsed
into six blocks of six trials each, the control participants demon-
strated an overall increase in the percentage of CRs across the six
learning blocks of reinforced trials, peaking at Block 3. The
percentage of CRs on nonreinforced trials remained stable and, in
fact, decreased somewhat across learning blocks in control partic-
ipants. Amnesic patients, on the other hand, showed similar re-
sponse rates across learning blocks for both reinforced and non-
reinforced trial types.

To examine the rate of learning or acquisition, quadratic regres-
sion analyses were performed for the mean percentage of CRs for
each group separately for the six blocks of acquisition trials.
Quadratic regression analyses provided the best fit for the data in
this as well as past studies, as a leveling off of acquisition during
the later learning blocks is typically seen. As shown in Figure 4,
the quadratic analysis neared significance for the control partici-
pants on reinforced trials during trace conditioning. The function

80

204 I O S+

O s-

60 I

40

Mean % CRs

201
107

NC MT
Group

Figure 3. Mean (= SEM) percent conditioned responses (CRs) for rein-
forced and nonreinforced trials during trace conditiona discrimination
learning. S+ = reinforced conditional stimulus; S— = nonreinforced
conditional stimulus; NC = normal control participants, MT = media
temporal lobe amnesic patients.
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was characterized by an intercept of 31.05; a linear term of 23.68
(p = .08); and a quadratic term of —3.16, —2.08 (p = .09), R? =
.59. The quadratic analysis was not, however, significant for the
amnesic patients on S+ trials. The MT quadratic function was
characterized by an intercept of 30.83; alinear term of 14.71 (p =
.13); and a quadratic term of —2.08 (p = .13), R> = .59. As aso
shown in Figure 4, the quadratic functions were not significant for
nonreinforced trials for either group during trace conditioning
(ps > .17).

Extinction. The mean percentage of CRs was assessed with a
Group X Block ANOVA comparing the last learning block (Con-
ditioning Block 6) to the two extinction blocks of six trials each.
A significant interaction of Group X Block, F(1, 14) = 4.28, p =
.02, indicated that control participants significantly decreased the
number of CRs produced during reinforced trials from the last
conditioning block (M = 65, SE = 6.63) to the first extinction
block (M = 44, SE = 8.87), F(1, 14) = 4.41, p = .04; from the |ast
conditioning block to the second extinction block (M = 17, SE =
6.30), F(1, 14) = 23.34, p < .01; and from the first extinction
block to the second extinction block, F(1, 14) = 7.46, p = .01 (see
Figure 5). In other words, there was a significant stepwise reduc-
tion in the percentage of CRs across the extinction blocks. In
contrast, the amnesic patients were unable to extinguish their
learned response as rapidly and produced a similar number of CRs
during reinforced trials from the last conditioning block (M = 46,
SE = 11.68) to the first extinction block (M = 35, SE = 11.55),
F(1, 14) = 1.10, p = .30; from the last conditioning block to the
second extinction block (M = 38, SE = 12.50), F(1, 14) = 0.71,
p = .41; and from the first extinction block to the second extinc-
tion block, F(1, 14) = 0.04, p = .84. Normal control participants
produced somewhat fewer CRs during the first extinction block
than amnesic patients, F(1, 14) = 3.57, p = .07, and significantly
fewer CRs during the second extinction block than MTs, F(1,
14) = 441, p = .04

The mean percentage of CRs during nonreinforced extinction
trials was also assessed with a Group X Block ANOV A comparing
thelast learning block (Conditioning Block 6) to the two extinction
blocks of six trials each. There was a main effect of block, F(1,
14) = 3.72, p = .03, and no significant interaction, indicating that
both groups similarly decreased their production of CRs during
S— trials. Normal participants decreased their mean percentage of
CRs from 35% (SE = 9.68) during the last conditioning block to
23% (SE = 7.67) during the first extinction block and 10% (SE =
4.38) during the last extinction block. Amnesic patients also grad-
ually decreased their mean percentage of CRs across blocks, going
from 44% (SE = 12.57) during the last conditioning block to 40%
(SE = 8.87) during the first block of extinction trials and 27%
(SE = 8.87) during the last block of extinction trials.

CR onset latency and peak latency. An ANOVA on CR onset
latency revealed no main effect of group, F(1, 14) = 0.18, p = .68,
or tria type, F(1, 14) = 0.21, p = .66, and no interaction, F(1,
14) = 2.08, p = .17, suggesting that when producing a CR, both
control participants and amnesic patients timed their responses
similarly during both reinforced and nonreinforced trials (see Ta-
ble 3). Analysis of CR peak latency indicated that there was no
significant difference in the ability of NC participants and MT
patients to adaptively time their responses, F(1, 14) = 0.06, p =
.81.
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- NCS+ -m- MTS+

- NCS- -e- MTS-

Conditioning

NC S+ Y=31.05 + 23.68(X) - 3.16 (X?), R*=.69

NC S- Y=48.96 — 10.30(X) + 1.30(X?), R’=.54

Extinction

Block

MT S+ Y=30.83 + 14.71(X) - 2.08(X?), R*=.59

MT S- Y=40.42 + 2.37(X) - .372(X?), R’=.11

Figure 4. Trace conditional discrimination learning curves showing mean (= SEM) percent conditioned
responses (CRs) from six blocks of six reinforced trials, six blocks of six nonreinforced trials, and two blocks
of six extinction trials. Quadratic regression analyses were performed for the mean percentage of CRs for each
group separately for the six blocks of acquisition trials. NC = normal control participants; MT = medial
temporal lobe amnesic patients; S+ = reinforced conditional stimulus; S— = nonreinforced conditional

stimulus.

80
O Conditioning block 6

O Extinction block 1
M Extinction block 2
607

l

304

701 I

Mean % CRs

201
107

NC MT
Group

Figure 5. Mean (= SEM) percent conditioned responses (CRs) for the
last block of conditioning trials (Block 6) and two extinction blocks for
reinforced trials during trace conditional discrimination learning. NC =
normal control participants; MT = medial temporal |obe amnesic patients.

CR amplitude and duration. A Group X Tria Type repeated
measures ANOVA examining CR amplitude revealed only a sig-
nificant interaction, F(1, 14) = 5.89, p = .03. A series of means
comparisons indicated that the CR amplitude measure differed as
afunction of trial type in the control participants, F(1, 14) = 6.90,
p = .02. Control participants produced CRs of greater magnitude
during reinforced versus nonreinforced trials (see Table 3). CR
amplitude did not differ across trial type for the amnesic patients,
F(1, 14) = 0.65, p = .44. CR amplitude also varied by group
during reinforced trials. Control participants CR amplitude was
significantly greater than that of the amnesic patients during S+
tridls, F(1, 14) = 6.75, p = .02. There were no group differences
in CR amplitude during nonreinforced trials, F(1, 14) = 0.69, p =
42,

CR duration varied by tria type, indicating significantly longer
CR durations in response to S+ trials as compared with S— trials,
F(1, 14) = 9.95, p < .01. However, there was aso a significant
interaction, F(1, 14) = 11.00, p < .01. NC participants demon-
strated longer CR duration (M = 269 ms) on reinforced trials than
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Table 3
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Mean (= SEM) Conditioned Response (CR) Measures During Trace Conditional Discrimination

Learning

CR onset latency

(ms) CR peak latency (ms) CR amplitude (mV) CR duration (ms)

Group S+ S— S+ S—- S+ S— S+ S—
NC 2900+38 351*+49 464*+27 430x38 21.0*x45 130*x23 269*+45 121+ 30
MT 354+35 322+23 453*34 421 +31 130*x24 160*28 146*+31 149*+31
Note. S+ = reinforced stimulus; S— = nonreinforced stimulus; NC = normal control participants, MT =

medial temporal lobe amnesic patients.

amnesic patients (M = 146 ms), F(1, 14) = 14.57, p < .01 (see
Table 3). There was no group difference in CR duration during
nonreinforced trias, F(1, 14) = 0.76, p = .40. CR duration aso
varied as a function of trial type in the control group. Control
participants produced significantly longer CRs during reinforced
versus nonreinforced trias, F(1, 14) = 20.94, p < .01. Amnesic
patients CR duration did not differ on reinforced and nonrein-
forced trials, F(1, 14) = 0.01, p = .91.

UR amplitude, onset latency, peak latency, and duration. Con-
trol participants’ UR amplitude averaged 49 mV (SE = 3.4) on S+
trials, whereas amnesic patients UR amplitude averaged 36 mV
(SE = 3.7) on S+ trias. UR amplitude varied by group, F(1,
14) = 6.41, p = .03. Control participants UR amplitude was of a
greater magnitude on reinforced trials than that of the amnesic
patients on reinforced trials, F(1, 14) = 1353, p < .01. As
reflected in Table 4, there were no differences between groups in
timing of the UR: UR onset latency, F(1, 14) = 0.11, p = .74; UR
peak latency, F(1, 14) = 0.90, p = .36; or UR duration, F(1, 14) =
1.98, p = .18.

UR amplitude as a covariate in mean percentage of CRs. As
shown in Table 4, mean UR amplitude during reinforced trials was
greater in the control participants as compared with the amnesic
patients. Consequently, to ensure that the differences observed in
acquisition were not confounded by a difference in unconditioned
reflex to the airpuff, UR amplitude was entered as acovariatein an
analysis of the mean percentage of CRs. A Group X Tria Type
repeated measures analysis of covariance (ANCOVA) examining
mean percentage of CRs produced during reinforced trials revealed
that when covarying for UR amplitude, the interaction remained
significant, F(1, 14) = 5.90, p < .05.

Alpha responses. There were no systematic differences ob-
served in the number of apha (short-latency) responses during

Table 4
Mean (= SEM) Unconditioned Response (UR) Measures During
Trace Conditional Discrimination Learning

UR onset UR peak UR amplitude  UR duration
latency (ms)  latency (ms) (mV) (ms)
Group S+ S— S+ —
NC 727 + 4.98 778 + 3.3 49 + 34 71+50
MT 738+ 3.6 780 + 2.5 36 + 3.7 58 + 3.7

Note. S+ = reinforced stimulus; S— = nonreinforced stimulus, NC =
normal control participants; MT = medial temporal |obe amnesic patients.

reinforced or nonreinforced trials, F(1, 14) = 3.02, p = .10.
Amnesic patients produced an average of 7 (SE = 1.8) alpha
responses during reinforced trialsand 4 (SE = 1.3) apharesponses
during nonreinforced trials. Control participants produced 14
(SE = 3.8) apha responses during reinforced trials and 6 (SE =
1.9) during nonreinforced trials.

Soontaneous blinks.  There were no systematic differences ob-
served in the number of spontaneous blinks during trace condi-
tional discrimination (p = .52). Control participants produced an
average of 4 (SE = 1.09) spontaneous blinks, and amnesic patients
produced an average of 3 (SE = 1.28) spontaneous blinks.

Experiment 2: Delay Conditional Discrimination Learning

CR acquisition. The pattern of results for the percentage of
trials in which a CR occurred during the delay conditional dis-
crimination task was similar to that found in the trace conditional
discrimination task. That is, the main effect of group was not
significant, F(1, 14) = 1.34, p = .27, again suggesting that the
percentage of CRs acquired, collapsed across trial type, was
roughly equivalent in the amnesic patients and control participants
(MT: M = 42, SE = 6.9; NC: M = 51, SE = 4.7). Also, the
ANOVA reveded a main effect of trial type, F(1, 14) = 29.78,
p < .01, indicating that, collapsed across group, there were more
CRs during reinforced versus nonreinforced trials. This main ef-
fect, however, was qualified by the presence of a significant
interaction of Group X Tria Type (S+ vs. S—), F(1, 14) = 19.59,
p < .01. Analysis of this interaction using means comparisons
revealed that control participants were able to respond differen-
tially on reinforced trials (mean percentage CRs = 71, SE = 3.93)
as compared to nonreinforced trials (M = 31, SE = 5.52), F(1,
14) = 48.84, p < .01. Amnesic patients, in contrast, were impaired
in their ability to acquire the conditional discrimination (S+: M =
44, SE = 5.87; S—: M = 40, SE = 7.77). As shown in Figure 6,
the amnesic patients' difference in CR acquisition during rein-
forced and nonreinforced trials did not differ significantly, F(Z1,
14) = 0.53, p = .48. The control participants demonstrated greater
acquisition during S+ (M = 71, SE = 3.93) trials than the amnesic
patients (M = 44, SE = 5.87), F(1, 14) = 21.33, p < .01. There
were no group differences in the production of CRs during S—
trials, F(1, 14) = 2.69, p = .12.

Learning curves. As can be seen in Figure 7, the control
participants demonstrated a consistent increase in the percentage
of CRs across six learning blocks of reinforced trials. The percent-
age of CRs on nonreinforced trials remained stable and, in fact,
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Figure 6. Mean (= SEM) percent conditioned responses (CRs) for rein-
forced and nonreinforced trials during delay conditional discrimination
learning. S+ = reinforced conditional stimulus, S— = nonreinforced
conditional stimulus; NC = normal control participants, MT = media
temporal lobe amnesic patients.
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decreased somewhat across learning blocks. In contrast, the am-
nesic patients showed similar response rates across learning blocks
for both reinforced and nonreinforced tria types.

To examine the rate of learning or acquisition, quadratic regres-
sion analyses were performed for the mean percentage of CRs for
each group separately for the six blocks of acquisition trials. As
shown in Figure 7, the quadratic analysis was significant for the
control participants on reinforced trials during delay conditioning.
The NC function was characterized by an intercept of 38.33; a
linear term of 16.06 (p = .05); and aquadratic term of —1.56 (p =
.11), R? = .91. The quadratic analysis was also significant for the
amnesic patients on S+ trials during delay conditioning. The MT
quadratic function was characterized by an intercept of 21.67; a
linear term of 13.60 (p = .05); and aquadratic term of —1.64 (p =
.08), R? = .81. Asalso shown in Figure 7, the quadratic functions
were not significant for nonreinforced trials for either group during
delay conditioning (ps > .50).

Extinction. The mean percentage of CRs was assessed with a
Group X Block ANOVA comparing the last learning block (Con-
ditioning Block 6) to the two extinction blocks (each block con-
tainssix trials). Ascan be seenin Figure 8, although the interaction
of Group X Block was not significant, F(1, 14) = 2.09, p = .14,

—&- NCS+ —E- MTS+

- NCS- -e- MTS-

Conditioning

NC S- Y=38.96 — 4.40(X) + .484(X*), R>=.09

T T T T
5 6 7 8

Extinction

Block
NC S+ Y=38.33 + 16.06(X) - 1.56(X?), R>=.91

MT S+ Y=21.67 + 13.60(X) - 1.64 (X*), R’=.81

MT S- Y=48.33 — 6.82(X) + 1.04(X*), R*=.18

Figure 7. Delay conditiona discrimination learning curves showing mean (= SEM) percent conditioned
responses (CRs) from six blocks of six reinforced trials, six blocks of six nonreinforced trials, and two blocks
of six extinction trials. Quadratic regression analyses were performed for the mean percentage of CRs for each
group separately for the six blocks of acquisition trials. NC = normal control participants; MT = medial
temporal lobe amnesic patients; S+ = reinforced stimulus, S— = nonreinforced stimulus.
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Figure 8. Mean (= SEM) percent conditioned responses (CRs) for the
last block of conditioning trials (Block 6) and two extinction blocks for
reinforced trials during delay conditional discrimination learning. NC =
normal control participants; MT = medial temporal |obe amnesic patients.

control participants significantly decreased the mean number of
trialsin which a CR occurred during reinforced trials from the last
conditioning block (M = 81, SE = 6.63) to the first extinction
block (M = 56, SE = 10.88), F(1, 14) = 6.12, p = .02, and from
the last conditioning block to the second extinction block (M = 46,
SE = 13.27), F(1, 14) = 12.29, p < .01. The difference between
the first extinction block and the second extinction block was not
significant, F(1, 14) = 1.06, p = .31. In contrast, the amnesic
patients were unabl e to extinguish their learned response as rapidly
and produced a similar number of CRs during reinforced trials
from the last conditioning block (M = 46, SE = 6.10) to the first
extinction block (M = 38, SE = 10.80), F(1, 14) = 0.68, p = .42;
from the last conditioning block to the second extinction block
(M = 40, SE = 11.76), F(1, 14) = 0.38, p = .54; and from thefirst
extinction block to the second extinction block, F(1, 14) = 0.04,
p = .84. Normal control participants produced a somewhat greater
number of CRs during the first extinction block than amnesic
patients, F(1, 14) = 3.44, p = .07. There were no group differ-
ences in the number of CRs produced during the second extinction
block, F(1, 14) = 0.38, p = .54.

The mean percentage of CRs during nonreinforced extinction
trialswas al so assessed with a Group X Block ANOV A comparing
the last learning block (Conditioning Block 6) to the two extinction

Table 5
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blocks of six trials each. There was no main effect of group or
block and no significant interaction. Normal control participants
produced a CR on 35% (SE = 9.68) of S— trids during the last
block of conditioning trials, 46% (SE = 9.83) during the first
extinction block and 46% (SE = 16.89) during the last extinction
block. Amnesic patients produced a CR on 44% (SE = 13.34) of
S— trials during the last conditioning block, 33% (SE = 8.91)
during the first block of extinction trials and 31% (SE = 9.15)
during the last block of extinction trials.

CR onset latency and peak latency. An ANOVA on CR onset
latency revealed no main effect of group, F(1, 14) = 0.25, p = .62,
or tria type, F(1, 14) = 0.39, p = .54; and no interaction, F(1,
14) = 0.04, p = .84, suggesting that when producing a CR, both
control participants and patients timed their responses similarly
during both reinforced and nonreinforced trials (see Table 5).
Similarly, analysis of CR peak latency indicated that there was no
significant difference in the ability of control participants and
amnesic patients to adaptively time their responses, F(1, 14) =
0.40, p = .54.

CRamplitude and duration.  In examining the mean amplitude
of CRsduring the delay conditional discrimination task, arepeated
measures ANOV A revealed a main effect of tria type, F(1, 14) =
14.37, p < .01, indicating that, collapsed across group, CRs were
of a greater amplitude during reinforced versus nonreinforced
trials. This main effect, however, was qualified by the presence of
a significant interaction, F(1, 14) = 13.14, p < .01. Control
participants CR amplitude averaged 18 mV (SE = 2.5) for S+
tridsand 12 mV (SE = 1.2) for S— trials, F(1, 14) = 27.49,p <
.01, whereas the amnesic patients' CR amplitude averaged 10 mV
(SE = 1.7) on S+ tridsand 10 mV (SE = 2.0) on S— trias, F(1,
14) = 0.01, p = .91. NCs demonstrated significantly greater CR
amplitude during S+ trials than MTs, F(1, 14) = 39.03, p < .01.
NCs and MTs CR amplitude did not differ during nonreinforced
trials, F(1, 14) = 1.26, p = .28.

CR duration varied by trial type, indicating that both groups
demonstrated longer CR durations in response to S+ trials as
compared with S— trials, F(1, 14) = 8.78, p = .01. However, there
was aso a significant interaction, F(1, 14) = 4.29, p = .06.
Control participants demonstrated significantly longer CR duration
(M = 315 ms) on reinforced trials than amnesic patients (M = 203
ms), F(1, 14) = 13.99, p < .01 (see Table 4). CR duration also
varied in the NC group as a function of tria type, F(1, 14) =
12.67, p < .01. Amnesic patients CR duration did not differ on
reinforced and nonreinforced trials, F(1, 14) = 0.40, p = .54.

Mean (= SEM) Conditioned Response (CR) Measures During Delay Conditional Discrimination

Learning

CR onset latency

(ms) CR pesak latency (ms)

CR amplitude (mV) CR duration (ms)

Group S+ S— S+ S—

S+ S— S+ S—

NC 28135 304+63 51922 434+41 180*25
33040 470+ 34 434+ 37

MT 318 £ 51

120+ 12 315*+52 209 =* 67

100+ 17 100*x20 203*53 184 =*57

Note. S+ = reinforced stimulus; S— = nonreinforced stimulus; NC = normal control participants; MT =

media temporal lobe amnesic patients.
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UR amplitude, onset latency, peak latency, and duration. Con-
trol participants UR amplitude averaged 40 mV (SE = 3.90) on
S+ trids, whereas amnesic patients UR amplitude averaged 33.5
mV (SE = 3.86) on S+ trials. As presented in Table 6, there were
no differences between groups in timing of the UR: UR onset
latency, F(1, 14) = 1.28, p = .28; UR pesk latency, F(1, 14) =
0.20, p = .66; UR duration, F(1, 14) = 1.46, p = .25.

Alpha responses. There were no systematic differences ob-
served in the number of apha responses during reinforced or
nonreinforced trials, F(1, 14) = 1.88, p = .19. Amnesic patients
produced an average of 8 (SE = 3.1) apha responses during
reinforced trials and 6 (SE = 2.8) apha responses during nonre-
inforced trials. Control participants produced an average of 17
(SE = 5.1) alpha responses during reinforced trials and 12 (SE =
4.5) during nonreinforced trials.

Soontaneous blinks.  There were no differences observed in the
number of spontaneous blinks. Control participants produced an
average of 3 (SE = 1.030) spontaneous blinks during delay con-
ditional discrimination, and amnesic patients also produced an
average of 3 (SE = 0.854) spontaneous blinks.

Trace versus delay conditional discrimination learning. Last,
CR acquisition was examined during trace as compared to delay
conditional discrimination learning. A repeated measures Group X
Trial Type (S+ vs. S—) X Paradigm (trace vs. delay) ANOVA
revealed a main effect of trial type, F(1, 28) = 59.10, p < .01,
indicating an overall greater CR acquisition rate on reinforced as
compared with nonreinforced trials (percentage CRs: S+ trials,
M = 58, SE = 3.57; S— trids, M = 36, SE = 3.78). This main
effect, however, was qualified by the presence of a significant
three-way interaction, F(1, 28) = 9.37, p < .01. Analysis of this
interaction using means comparisons demonstrated that acquisition
differed as a function of tria type (S+ versus S—) in the normal
control group in both trace, F(1, 28) = 35.08, p < .01, and delay,
F(1, 28) = 42.89, p < .01, conditioning. However, CR acquisition
did not vary as a function of tria type in the amnesic patients in
trace, F(1, 28) = 1.57, p = .22, or delay conditioning, F(1, 28) =
0.47, p = .50; see Figure 9. When comparing performance during
the trace and delay paradigms directly, control participants dem-
onstrated similar levels of CR acquisition for reinforced trials
during both paradigms, F(1, 14) = .636, p = .43. Similarly, there
was no difference in the control participants acquisition during
S— tridsin trace versus delay conditioning, F(1, 14) = 0.03,p =
.87. The amnesic patients also demonstrated consistent levels of
CR acquisition for S+, F(1, 14) = 1.05, p = .31, and S—, F(1,
14) = 021, p = .65, trids during both trace and delay
conditioning.

Table 6
Mean (= SEM) Unconditioned Response (UR) Measures During
Delay Conditional Discrimination Learning

UR onset UR peak UR amplitude  UR duration
latency (ms)  latency (ms) (mV) (ms)
Group S+ S— S+ —
NC 720 = 35 773+ 21 40 + 39 78 + 3.7
MT 735+ 4.4 780 + 2.3 34+39 63 + 3.8

Note. S+ = reinforced stimulus; S— = nonreinforced stimulus, NC =
normal control participants; MT = medial temporal |obe amnesic patients.
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Figure 9. Mean (= SEM) percent conditioned responses (CRs) during
reinforced and nonreinforced trials during both trace and delay conditional
discrimination learning. S+ = reinforced stimulus; S— = nonreinforced
stimulus; NC = normal control participants; MT = media temporal lobe
amnesic patients.

Awareness. Participants were given an awareness rating from
0-5 based on their explicit awareness of stimulus contingencies as
assessed with the five-question postsession questionnaire. Amne-
sic patients mean awareness rating was 0.875 (SD = 1.130)
following trace conditioning and 0.500 (SD = 0.756) following
delay conditioning. In contrast, normal control participants’ mean
awareness score was 4.500 (SD = 0.535) following trace condi-
tioning and 4.750 (SD = 0.463) following delay conditioning.
Overall, awareness was significantly correlated to performance
during trace conditioning (mean percentage CRs during S+ trials
minus mean percentage CRs during S— trials, p < .01). However,
this correlation was based on low awareness scores in the MT
group and the intact awareness in the NC participants. When
analyzed by group, there were no correlations between awareness
and performance (ps > .40). The pattern was similar during delay
conditioning. Overal, awareness during delay conditioning was
significantly correlated to performance (p < .01). When analyzed
by group, there were no correlations between awareness and per-
formance (ps > .10).

Discussion

Using eyeblink classical conditioning, we found that bilateral
medial temporal lobe amnesic patients were impaired in acquiring
aconditional discrimination in both trace and delay paradigms. As
predicted, the mean percentage of trials on which amnesic patients
produced a CR was similar for both reinforced and nonreinforced
trials during trace conditional discrimination learning. This inabil-
ity to respond differentially to S+ versus S— trials indicated an
impairment in the amnesic patients' ability to acquire a conditional
discrimination when the light conditional stimulus (S+/S—) and
the tone CS were temporally separated, as was predicted by the
findings of Daum et a. (1991) in unilateral temporal lobectomy
patients. Similarly, the amnesic patients were also impaired in their
ability to acquire a conditional discrimination in the context of a
delay paradigm in which the light and tone overlapped and co-
terminated. Control participants were able to respond differentially
to reinforced trials and nonreinforced trials when the S+/S— and
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CS were temporally distinct (trace paradigm) as well as when the
S+/S— and CS were temporally contiguous (delay paradigm). The
amnesic patients were also impaired in their ability to extinguish
the CR in the context of a conditioning discrimination paradigm.

As evidenced in the learning curves in Figures 4 and 7, normal
control participants demonstrated clear acquisition of differential
responding on reinforced and nonreinforced trials over time in
both trace and delay paradigms. In the early stages of acquisition
(Block 1), control participants produced a similar number of CRs
on S+ and S— trials. However, from the second trial block
forward, they began to consistently produce CRs to S+ trials and
to decrease their CR production during S— trials, providing clear
verification of differential responding. Regression analyses con-
firmed significant acquisition across blocks on S+ trials in the
control participants during both trace and delay conditional dis-
crimination learning.

In contrast, MT amnesic patients showed both impaired acqui-
sition on S+ trials, and to alesser extent, nonadaptive, high levels
of responding on S— trials. MTs produced a similar number of
CRs to both S+ and S— trials throughout all six learning blocks
during both trace and delay learning. When the first block of
learning was examined on a tria-by-trial basis for reinforced
trials, MTs demonstrated some acquisition and an intact, although
depressed, learning curve during both trace and delay condition-
ing. Regression analyses revealed that amnesic patients demon-
strated systematic acquisition during delay (primarily during the
initia three learning blocks), but not trace, conditiona discrimi-
nation learning. Thus, although amnesic patients overall acquisi-
tion during reinforced trials was impaired during both trace and
delay paradigms, and there was no significant difference in their
overall mean percentage of CRs during reinforced trials between
paradigms, the patients demonstrated some systematic learning
occurring across blocks during delay conditioning, but not during
trace conditioning. This evidence of acquisition in the MTs during
delay conditioning, abeit small, is likely due to the decreased
temporal processing demands in this task as compared with the
trace conditional discrimination paradigm.

The overall inability of the MT amnesic patients to respond
differentially to S+ versus S— trials during both trace and delay
paradigms indicates that the medial temporal lobe system is es-
sential for the acquisition of a conditional discrimination. The
previous findings of Daum and colleagues (1991) left open the
possibility that the amnesic patients' impaired performance was
due to atempora processing requirement rather than the inability
to acquire the conditional discrimination itself. The current study’s
demonstration of a deficit in the acquisition of a conditional
discrimination during both trace and, more important, delay learn-
ing paradigms observed in a group of well-characterized bilateral
MT amnesic patients clearly indicates that the hippocampal system
plays a criticad role in the acquisition of a conditional
discrimination.

The preceding discussion presumes that the amnesic patients’
impairment in differential responding was due to an inability to
acquire the conditional discrimination itself. However, Cohen and
Eichenbaum (1993) offer an alternative explanation that is also
consistent with the data. These authors suggest that

the hippocampal-dependent declarative memory system supports a
relational form of representation exhibiting the critical property of
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flexibility, capable of being accessed and expressed in novel contexts;
whereas procedural memory, operating independently of the hip-
pocampal system, supports a fundamentally inflexible form of repre-
sentation that can be expressed only in virtual repetitions of theinitial
learning situation. (p. 49)

In both trace and delay conditional discrimination learning, the
tone CS coterminated with the US. Thus, both paradigms have a
temporally contiguous tone CS—US arrangement, whereas the
light conditional stimulus and the US did not overlap in time
(essentially creating a O-ms trace condition, see Figure 1).

The hippocampal system is believed to be critically involved in
associative learning when there is a temporal separation between
the CS and the US (McGlinchey-Berroth et al., 1997; Moyer,
Deyo, & Disterhoft, 1990). A recent study in our laboratory further
suggests that the hippocampal system may be critical even at a
0-ms trace interval (Capozzi, Fortier, Disterhoft, & McGlinchey,
2003). Unexpectedly, the amnesic patients did not show an overall
impairment in acquisition during the trace paradigm. Rather, their
level of acquisition was similar to that of the control participants
when data were collapsed across reinforced and nonreinforced
trials. Therefore, it is possible that the light conditional stimulus
was inconsequential and the amnesic patients were in fact respond-
ing only to the tone CS, the only stimulus that was temporally
contiguous with the US. If this interpretation is true, it may shed
light on the inflexibility inherent in the memory system of medial
temporal amnesic patients. Perhaps, whenever two stimuli overlap
in time, this inflexible system seizes that temporal pairing and it
becomes the only basis for learning, regardless of its adaptive
benefit. The result is an inflexible system that can bind temporally
contiguous stimuli but cannot flexibly adjust to more complex task
demands (such as conditional or reversal learning), aswasinitialy
described by Cohen and Eichenbaum (1993). Alternatively, the
normal control participants were able to approach the task more
flexibly given their intact hippocampal system. If this account of
the data is valid, the inflexibility of the amnesic patients memory
system may have far-reaching effects on the ability of the patients
to function in an ever-changing, unpredictable world.

There was no difference between the amnesic and control
groups for URs other than UR amplitude during the trace para-
digm. This group difference in UR amplitude observed during
trace conditioning was examined with regard to acquisition using
ANCOVA to ensure that the differences observed in acquisition
were not confounded by a difference in unconditioned reflex to the
airpuff. Asthe group difference in acquisition was maintained, it is
clear that the observed impairment was not due to sensory—motor
factors such as the unconditioned eyeblink reflex. While not typ-
ical, we have observed a similar group difference in UR amplitude
in one previous study investigating trace eyeblink conditioning
(McGlinchey-Berroth et al., 1997). In this study, the amnesic
patients URs tended to be smaller in amplitude than the control
participants URs. It is possible that the amnesic patients did not
find the airpuff aversive enough to produce consistent URs to
support acquisition during trace conditional discrimination learn-
ing. On the basis of the ANCOVA findings, however, this possi-
bility does not appear to be substantiated. Another possibility is
that normal control participants UR amplitude was a direct ex-
tension of their CR amplitude. Control participants tended to
produce high-amplitude adaptive CRs that bled into their URs. In
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contrast, amnesic patients tended to produce “unadaptive,” mis-
timed, and low-amplitude CRs that often returned to baseline
before UR onset. This may have contributed to the observed group
difference in UR amplitude.

When trace and delay conditional discrimination paradigms
were compared directly, no significant differences in acquisition
were observed within groups, indicating that there were no differ-
ences in the overall production of CRs for either NCs or MTs
based on paradigm. Because of the greater temporal processing
demands involved in the trace conditional discrimination para-
digm, it was expected that amnesic patients might show lower
levels of acquisition in this task as compared with delay condi-
tioning. However, overall acquisition in the two paradigms was
equivalent. The complex processing demands involved in acqui-
sition of the conditional discrimination itself may therefore have
driven the observed impairment, leaving little room for an added
temporal processing deficit.

Building on the findings of Carrillo and colleagues (2001) with
human subjects and Berger and Orr (Berger & Orr, 1983; Orr &
Berger, 1985) with animals (i.e., rabbits), these results support the
notion that the hippocampal system is not necessary for encoding
of a CS—US association during a simple delay discrimination but
becomes more critical as task complexity increases (e.g., reversa
or conditional discrimination learning).

Reminiscent of the compositionality theory of Cohen and
Eichenbaum (Cohen & Eichenbaum, 1993; Eichenbaum, Otto, &
Cohen, 1992) as well as hippocampally mediated conditional op-
erations described by Hirsch (1974, 1980), Orr and Berger (1985)
further suggested that the hippocampus becomes vital for the
modification of behavior when environmental constraints change.
The hippocampus permits simultaneous access to an event’s con-
stituent elements and their conjunctions. As Daum et al. (1991)
pointed out, the conditional discrimination eyeblink task involves
the use of conditional operations. On the basis of these theories,
and in particular Hirsch's conditional operations theory of hip-
pocampal action, damage to the hippocampal system might impair
the function of conditional operations such as the “if-then” rule.

The hippocampal system’s involvement in complex forms of
associative learning (such as conditions of differential reinforce-
ment) may be related to its neuroanatomical location. The hip-
pocampal system is anatomically situated in a position to bind
discrete pieces of information, in that it receives a convergence of
inputs from many higher order association cortices in the brain
(e.g., Cohen & Eichenbaum, 1993; Eichenbaum, 1992; Sutherland
& Rudy, 1989; Wickelgren, 1979). The impairment of bilateral
medial temporal Iobe amnesic patients in acquiring a conditional
discrimination in a delay paradigm indicates more specifically that
the hippocampal system may be critical not only in binding tem-
porally discrete pieces of information (as is demonstrated by
hippocampal involvement in simple trace conditioning tasks), but
also in binding temporally contiguous pieces of information. In
other words, the hippocampus may be necessary to bind two
discrete pieces of information together under circumstances of
greater processing demands, regardless of temporal processing
reguirements.

Impaired acquisition of a conditional discrimination is consis-
tent with previous human studies with unilateral temporal lobe
patients (Daum et a., 1991) and memory disordered patients of
mixed etiology (Daum et al., 1989). The current findings are
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largely consistent with the animal literature to date on conditional
discrimination learning. Studies in animals have also implicated
the hippocampus in conditiona discrimination learning including
lesion studies (Good, 1987 [in the pigeon]; Murray & Ridley, 1999
[inrats]; Ross, Orr, Holland, & Berger, 1984 [in rats]) and arecent
ischemia hippocampal occlusion study in rats (Modo, Sowinski, &
Hodges, 2000). In a review of the animal literature, Gray and
McNaughton (1983) concluded that the most critical structure in
conditional discrimination learning was the hippocampus. A study
by Davidson and Jarred (1989) on excitotoxic lesions of the
hippocampus and retention of previously acquired conditional
discriminations indicated that although the hippocampusis critical
in the acquisition of a conditional discrimination, it is not essential
in the retention of the learned response. This finding would indi-
cate that the memory trace associated with conditional discrimi-
nation learning that is laid down during acquisition is stored
elsawhere in the brain. Thereis, however, one animal study in rats
that has documented spared conditional discrimination after hip-
pocampal lesions (Winocur, 1991).

Awareness was assessed with an open-ended postconditioning
questionnaire. Overall, awareness was significantly correlated to
performance during trace and delay conditioning. However, this
correlation is based on low awareness scores in the MT group and
intact awareness in the NC participants. There was very little
variability in awarenessin the normal control participants (all NCs
achieved scores of 4 or 5 out of 5), whereas the amnesic patients’
scores indicated they were largely unaware of the stimulus con-
tingencies (MTs scores were primarily 0 and 1). Despite the
amnesic patients' lack of awareness, they were able to acquire the
S+/US association, albeit to an impaired level, indicating that
awareness may not be crucial in simple associative learning. Am-
nesic patients also demonstrated a high rate of responding during
nonreinforced trials. It could be argued that awareness therefore
may play arole in inhibiting responses or in acquisition of com-
plex associations. The data from this study are not conclusive
given the unsystematic assessment of awareness and the lack of
variability in the normal control group. Further complicating the
issue, the assessment of awareness by means of an explicit post-
session questionnaire in the amnesic group is confounded by the
patients memory deficits. Future analysis of awareness in
memory-disordered groups should include an online measure of
awareness to control for short-term memory deficits.

Approximately half of the amnesic patients examined in trace
and delay conditional discrimination learning had extensive prior
training in eyeblink classical conditioning studies (see Table 1).
This methodology is not ideal; however, given the rarity of human
amnesia, it is necessary. It is important that past experience in
conditioning studies and possible carry-over learning effects did
not substantiate acquisition in the conditional discrimination par-
adigm. The amnesic patients were, in fact, impaired despite some
patients’ prior training in various conditioning tasks. This is un-
derscored by the patients varied performance across previous
conditioning paradigms. Specifically, the amnesic patients per-
formed normally in some past paradigms (e.g., delay conditioning,
simple discrimination) but were impaired in other paradigms (e.g.,
trace conditioning, reversal learning), findings that are consistent
with the animal literature. Therefore prior training does not medi-
ate the effects of hippocampal system damage in humans.
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There was no observed impairment in the timing of responsesin
this study. There were no differences in CR onset latency or CR
peak latency between groups. This is surprising given the consis-
tent timing deficits in medial temporal lobe amnesic patients in
previous studies in our laboratory (McGlinchey-Berroth et al.,
1997, 1999). Asindicated by McGlinchey-Berroth et al. (1999), it
may be that lesions to the cerebellar cortex may eliminate the
appropriate expression of a learned tempora discrimination,
whereas lesions to the hippocampal system may produce a more
subtle ateration in the adaptive timing of CRs.

A final point of discussion is the lack of a significant difference
between conditioning trials and extinction trials for the amnesic
patients in both trace and delay paradigms. This finding indicates
an impairment in the amnesic patients’ ability to extinguish the CR
in the context of a conditional discrimination paradigm. This
impairment is not likely to be due entirely to the fact that the
amnesic patients' acquisition rate was lower during learning trials,
because they also generated more CRs during the extinction trials
than control participants. This is the second demonstration of
impaired extinction following hippocampal system damage in hu-
mans (McGlinchey-Berroth et al., 1999). However, this finding is
somewhat unexpected in light of the fact that 4 of the current group
of 8 amnesic patients showed normal extinction in previous eye-
blink conditioning studies involving delay and trace simple asso-
ciative conditioning paradigms (Gabrieli et al., 1995; McGlinchey-
Berroth et al., 1997). Impaired extinction following hippocampal
system damage is not without precedent, however. Moyer et al.
(1990) reported a profound impairment in extinction in hip-
pocampectomized rabbits in a 300-ms trace conditioning study.
Thus it appears that, under certain conditions, hippocampal dam-
age or remova may interfere with the extinction of CRs. Perhaps
the combined requirement of discriminating a sensory character-
istic like various visual stimuli (lights), associating it with an
auditory stimulus (tone CS), and the differential occurrence of the
US added a level of processing demand that was cognitively
complex enough to require hippocampal system involvement for
extinction to occur. Future studies are needed to directly address
the role of the hippocampal system during extinction in more
complex forms of associative learning in humans.

In conclusion, the current data support the idea that the hip-
pocampus plays an important role in the acquisition of a condi-
tiona discrimination in both trace and delay paradigms. The im-
pairment in acquisition observed in this group of patients with
bilateral medial temporal lobe amnesia was due to an inability to
respond differentially to reinforced versus nonreinforced trials.
Amnesic patients showed both impaired acquisition on S+ trials,
and to a lesser extent, nonadaptive, high levels of responding on
S— trials. There were no differences in the production of CRs for
either NCs or MTs based on trace versus delay paradigm. These
findings indicate that the hippocampal system may be critical not
only in binding temporally discrete pieces of information, but also
in binding temporally contiguous pieces of information under
conditions that are highly complex and demanding.
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