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Abstract
Objective—To assess the degree of learn-
ing ability in Parkinson’s disease.
Methods—Three diVerent learning tasks:
eyeblink classical conditioning with delay
and trace paradigms, the California ver-
bal learning test (CVLT), and a serial
reaction time task (SRTT) were studied in
patients with Parkinson’s disease and nor-
mal (control) subjects.
Results—In the eyeblink conditioning
tasks, both patients and normal subjects
showed significant learning eVects without
between group diVerences. In the CVLT,
patients remembered significantly fewer
words than normal subjects in both short
term and long term cued recall tasks. In
the SRTT, normal subjects had signifi-
cantly reduced response time and error
rates across blocks of repeated sequence
trials, whereas patients had significantly
reduced error, but not response time rates.
Conclusion—Impairment of nigrostriatal
pathways selectively aVects performance
in complex learning tasks that are com-
petitive and require alertness such as the
SRTT, but not in simple learning proce-
dures such as eyeblink conditioning.
(J Neurol Neurosurg Psychiatry 1999;67:27–34)
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Animal studies suggest that the basal ganglia
are involved in learning. In monkeys, Graybiel
et al1 found a decreased firing rate of particular
cells in the striatum (“tonically active neurons”
(TANs)) while the animals learned to associate
the presentation of a tone with a juice reward.
This decreased firing rate does not occur when
the striatum is depleted of dopamine with an
infusion of 1-methy-4-phenyl-1, 2, 3,
6-tetrahydropyridine (MPTP)2 or when
dopamine receptors in the striatum are
blocked.3 When White et al4 studied eyeblink
classical conditioning in rabbits, they found a
shift in striatal cellular activity during the
learning process, indicating the involvement of
basal ganglia in conditioning. In their opinion,
the neostriatum may modulate the timing of
eyeblink classical conditioning.

It is well known that the dopaminergic
system of the basal ganglia plays a crucial part
in the pathogenesis of Parkinson’s disease.5

Consequently, some studies have investigated
learning abilities and impairments in patients
aZicted with Parkinson’s disease. Appollonio et

al6 reported deficits in patients with Parkin-
son’s disease in an explicit verbal learning and
recall task. Pascual-Leone et al7 used a serial
reaction time task (SRTT) and found that
patients with Parkinson’s disease needed sig-
nificantly more trials than normal subjects to
show procedural learning when long stimulus
sequences were used. They concluded that in
such patients access to the stored visuomotor
sequence is abnormally slow. On the other
hand, Agostino et al8 did not find between
group learning diVerences on a motor skill
learning task in which patients with Parkinson’s
disease and healthy subjects had to redraw
irregular two dimensional patterns using a
digitising pen. These diVerent results suggest
that implicit and explicit learning are only par-
tially impaired in patients with Parkinson’s dis-
ease and that the degree of impairment
depends on the specific task being investigated.
It is unclear which types of tasks and to what
extent basal ganglia dysfunction in Parkinson’s
disease aVect learning.

The purpose of our study was to better
understand the pattern of learning abilities and
impairments in Parkinson’s disease by investi-
gating three diVerent learning tasks in the same
group of patients with Parkinson’s disease and
control subjects: eyeblink conditioning, de-
clarative learning, and procedural learning. We
hypothesised that patients with Parkinson’s
disease might be able to acquire conditioned
responses (CRs) in an eyeblink conditioning
task, but with a longer training period than
healthy volunteers because of decreased neostri-
atal modulation of the conditioned response. In
addition, we expected patients to perform more
weakly than the control group in the California
verbal learning test (CVLT)9 and an SRTT
similar to that used by Pascual-Leone et al.7

Classical conditioning of the eyeblink reflex
is well established as a test of implicit
learning,10–12 and has been shown to be
impaired in patients with cerebellar lesions.13 14

In the study of Topka et al,13 patients with cer-
ebellar disease had a significantly lower rate of
CRs than healthy subjects, and the number of
inappropriately timed CRs was significantly
increased in the patients. We studied eyeblink
conditioning with delay and trace paradigms,
as described by WoodruV-Pak.12 In the delay
paradigm, the conditioned stimulus (CS) and
the unconditioned stimulus (UCS) end simul-
taneously, so that there is stimuli overlap. In the
trace paradigm, the UCS is presented after the
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end of the CS, so that the subject has to keep a
memory trace of the CS in order to express a
CR.

Methods
We studied eyeblink conditioning in 11 pa-
tients with Parkinson’s disease (two women
and nine men) aged 41 to 69 (mean 55.9)
years, and, as a control group, in 15 healthy
subjects (five women and 10 men, aged 34 to
73 (mean 51.7) years. The diagnosis of Parkin-
son’s disease was confirmed by a Board
certified neurologist (MH). The protocol was
approved by the Institutional Review Board
and all subjects gave their written informed
consent for the study. The clinical characteris-
tics of subjects are shown in table 1 for patients
and table 2 for the control group.

The Mattis dementia rating scale15 and Beck
depression inventory16 were administered to all
participants to estimate their general cognitive
status and mood state, respectively. Patients
were also evaluated with the unified Parkin-
son’s disease rating scale (UPDRS)17 to esti-
mate the severity of their motor syndromes. All
the patients with Parkinson’s disease were tak-
ing medication at the time of the study. Ten
took levodopa, four were treated with
dopamine agonists (pergolide, bromocriptine),
four received MAO-B-inhibitors (selegiline),
and one took amantadine. None of the patients
was taking anticholinergic drugs. We studied
the patients early in the morning before their
first dose of antiparkinson medication after a
drug free period of at least 10 hours, thus

minimising the direct influence of medication
on task performance. The healthy subjects had
no history of neurological disease. Neither the
patients nor the normal subjects had any signs
of cranial nerve impairment or auditory deficits
on a routine neurological examination.

EYEBLINK CLASSICAL CONDITIONING

We studied the delay paradigm in nine patients
with Parkinson’s disease and 15 normal
subjects, and the trace paradigm in nine
patients with Parkinson’s disease and 13
normal subjects. In those subjects who were
tested with both paradigms (seven patients and
13 normal subjects), the interval between
paradigm testing was at least five days; the
order of paradigms was randomised across
subjects. Two of the patients could be tested
with only one paradigm because they could not
be recruited for a second appointment. The CS
was a tone of 2 kHz and 400 ms duration pro-
duced by a click tone control module (Grass
Instruments, Quincy, MA, USA) presented to
both of the subject’s ears through earphones
(Clark Inc, Worcester, MA, USA). For the
UCS, an electric shock of 10 to 15 mA
intensity and a duration of 0.2 ms was delivered
to the skin over the supraorbital nerve on the
right side. The cathode of the stimulus
electrode (Teca Inc, Pleasantville, NY, USA)
was placed over the incisura/foramen supraor-
bitalis, and the anode 2 cm above. In the delay
paradigm, the interstimulus interval between
the CS and UCS was 400 ms (both stimuli
ended at the same time). In the trace paradigm,
the interstimulus interval was 1000 ms (there
was an interval of 600 ms between the CS and
UCS). This interval falls within the range of
interstimulus intervals (900–1200 ms) sug-
gested by WoodruV-Pak12 to be maximally
eVective in the trace paradigm.

In both paradigms, we administered seven
blocks of 11 trials each. In blocks 1 to 6, both
stimuli were presented during the first nine
trials of each block. In trial 10, only the UCS
(the electric stimulus) was applied, and in trial
11, only the CS (the tone) was delivered. In
block 7, only the tone was presented (extinc-
tion phase, Molchan et al18) in all 11 trials. The
between trial interval was randomised between
10 and 30 seconds.

As the eyeblink is a bilateral phenomenon,
we did not expect the side of the electric stimu-
lation to have an essential influence on the
acquisition of a conditioned response. Given
the frequent asymmetry of motor deficits in
patients with Parkinson’s disease, it is unclear
whether it would be prudent to stimulate just
one side in all patients arbitrarily or whether to
stimulate only the more aVected side. To our
knowledge, no side of body diVerences of the
R2 recovery cycle of the blink reflex have been
reported in patients with Parkinson’s disease.
Kimura19 examined the R2 recovery cycle on
both sides of each of his patients with
Parkinson’s disease without mentioning any
asymmetric diVerence. To exclude impairment
of the aVerent and eVerent pathways of the
eyeblink reflex, we tested the blink reflex
recovery cycle bilaterally in patients with

Table 1 Clinical characteristics of the patients with Parkinson’s disease (PD)

Patients Paradigm
Age (y)/
Sex

Age at PD
onset (y)

More
aVected side BDI score

UPDRS
score

1 Delay 69/F 67 Right 11 45
2 Delay/trace 64/F 58 Right 15 39
3 Delay 62/M 57 Equal 9 21
4 Delay/trace 45/M 39 Left 5 28
5 Delay/trace 41/M 36 Left 9 40
6 Delay/trace 47/M 40 Right 6 31
7 Trace 49/M 42 Right 6 25
8 Trace/delay 64/M 55 Right 11 47
9 Trace/delay 63/M 55 Right 11 16
10 Trace/delay 61/M 56 Left 8 33
11 Trace 50/M 47 Right 11 44

Mean
SD

55.91
9.59

50.18
9.89

9.27
2.94

33.55
10.34

BDI=Beck depression inventory; UPDRS=unified Parkinson’s disease rating scale.

Table 2 Order of testing and age of the control group

Subjects Paradigm Age (y)/sex

1 Delay/trace 45/F
2 Delay/trace 57/M
3 Delay 60/F
4 Delay/trace 45/M
5 Delay/trace 50/M
6 Delay/trace 64/F
7 Delay/trace 34/M
8 Trace/delay 58/M
9 Trace/delay 73/M
10 Trace/delay 45/M
11 Trace/delay 49/F
12 Trace/delay 45/M
13 Delay/trace 40/F
14 Delay/trace 53/M
15 Delay 57/M

Mean (SD) 51.7 (10.0)

BDI=Beck depression inventory, UPDRS=unified Parkinson’s
disease rating scale.
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Parkinson’s disease and normal subjects before
starting the conditioned eyeblink tasks. Thus,
we electrically stimulated and studied the R2
recovery cycle on both sides of the patients and
normal subjects using interstimulus intervals of
100, 300, and 600 ms. For the conditioning
experiments, we stimulated the side with
normal amplitudes and latencies if there were
side of body diVerences or arbitrarily the right
supraorbital nerve if there were no side
diVerences.

Two surface electrodes were fixed with
adhesive tape on the skin over each orbicularis
oculi muscle to detect the eyeblink response.
The active electrode was fixed on the lower
eyelid and the reference electrode on the tem-
ple. Electrode impedance was kept below 20
kÙ in all subjects. Electromyographic (EMG)
activity was filtered at 100 Hz and 5 kHz using
a Counterpoint EMG device (Dantec, Skov-
lunde, DK, USA). In each trial, we recorded
2000 ms of muscular activity, 400 ms before
the CS, 1200 ms after the end of both stimuli in
the delay paradigm, and 600 ms after the end of
the UCS in the trace paradigm. Following the
description by Gormezano,10 we regarded all
eyeblinks that occurred during the first 150 ms
of the CS as “alpha blinks” and not as CRs. For
both paradigms, CRs were expected to occur in
a time window that started 200 ms after the
delivery of the CS and ended with the UCS.
For the tone alone trials, we extended this win-
dow until 300 ms after the end of the UCS to
detect possible delayed CRs, as described by
Topka et al.13

The EMG signals were rectified and printed
for oV line analysis of alpha blinks and of occur-
rence and latency of CRs. EMG bursts were
regarded as CRs if their amplitude exceeded 10
µV and if they occurred within the appropriate
time window. For analysis of latency we
determined the peak latency of the CRs.

CALIFORNIA VERBAL LEARNING TEST

The California verbal learning test (CVLT),9 a
standardised verbal memory procedure meas-
uring explicit memory for episodic infor-
mation, was administered to all patients with
Parkinson’s disease and normal subjects. A list
of 15 words was presented over five trials.
Memory was measured after each trial with
free recall; cued recall of the words from the
first list was assessed again after a second list of
words was presented. Another free recall
attempt and a recognition test were adminis-
tered later.

SERIAL REACTION TIME TASK

The serial reaction time task (SRTT)7 20 was
administered to all patients with Parkinson’s
disease and normal subjects. The subjects were
seated in front of a computer screen, and were
told that a single asterisk would appear in one
of four possible positions on the screen.
Subjects were asked to press one of the four
marked keys on the computer keyboard that
corresponded to the position where the asterisk
had appeared. A short practice period was fol-
lowed by the administration of seven blocks of
trials. Blocks 1, 2, and 7 consisted of 110 aster-

isks occurring in random order, and blocks 3 to
6 of 100 asterisks in which a sequence of 10
asterisks was repeated 10 times (the sequence
order by screen position was 3–2–4–1–2–3–4–
3–2–1). After each of the seven blocks was pre-
sented, subjects were asked to repeat the last 10
key presses to determine their explicit memory
for the sequence. In addition, they were asked
whether they had noticed anything special dur-
ing the last block. Recorded data were analysed
for reaction time, accuracy errors, and number
of correctly repeated key presses.

STATISTICAL ANALYSIS

The t test and repeated measures analysis of
variance (ANOVA) were used for statistical
analysis. Significant diVerences between
groups were confirmed using a Bonferroni cor-
rection. The SD is given for the mean
values(mean (SD)). The level of significance is
p<0.05, unless otherwise indicated. Although
conditioning was repeated after at least 5 days,
learning performance in one paradigm might
have influenced the learning in the subsequent
paradigm. Therefore, for each paradigm, we
compared subjects who were previously condi-
tioned to naive subjects by using repeated
measures ANOVAs with block as the within
factor and status of conditioning experience as
the between factor.

Results
DEMENTIA AND DEPRESSION RATING SCALES

The scores on the Mattis dementia rating scale
were 139.4 (3.5) for the patients and 141.8
(2.7) for the normal subjects. None of the sub-
jects had a score below the cut oV of 123
points, and there was no significant between
group diVerence in the scores. The scores on
the Beck depression inventory were 9.2 (2.9)
for the patients and 2.0 (2.8) for the normal
subjects, both of which were within normal
limits. A two tailed t test disclosed a significant
diVerence between groups (p<0.01). None of
the subjects had scores above 15, the cut oV for
a self report of mild depression. The patients’
mean UPDRS score was 33.5 (10.3). Consid-
ering that the maximum score on the UPDRS
is 176, the patients’ mean score was in the
mildly impaired range.

BLINK REFLEX PATHWAYS

Inhibition of the R2 response from the second
stimulus was much less pronounced in patients
with Parkinson’s disease than in normal
subjects, although the diVerence was not
significant. At the interstimulus interval of 600
ms, the R2 ratio was 62.3 (47.4)% in patients
and 39.1 (43.7)% in normal subjects. Com-
parison of the ipsilateral and contralateral
recovery cycles with the t test disclosed no
asymmetry of the recovery cycle in any of the
tested interstimulus intervals for either patients
or normal subjects.

CONDITIONED EYEBLINK RESPONSES

There were no significant diVerences between
patients with Parkinson’s disease and normal
subjects concerning acquisition of conditioned
eyeblink responses in either conditioning
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paradigm (repeated measures ANOVA,
F(1,20)=0.037, p=0.85). There were no sig-
nificant interactions for group by blocks or
group by paradigm or for the interaction of
group by block by paradigm. A two tailed t test
of both groups for each individual block did
not show any significant diVerences. In detail,
the control group yielded an average percent-
age of 45.7 (11.7)% of CRs in the delay and
38.1 (33.3)% in the trace paradigm, a signifi-
cant extinction eVect was found in the trace
paradigm only when comparing block 7 (26.9
(27.5)% of CRs) to blocks 3, 4, 5, and 6. In
patients with Parkinson’s disease, the average
percentage of CRs was 57.9 (34.5)% in the
delay and 42.4 (30.6)% in the trace paradigm.
A significant extinction eVect was found in
both paradigms.

For the latency of the CRs, patients with
Parkinson’s disease rather than controls
showed a trend for shorter latencies. This trend
was significant in the trials in which only the
CS was presented (trial 11 of blocks 1–6 and all
trials of block 7) of the delay paradigm. In this
paradigm, the average CR latency in CS alone
trials was 417.3 (55.7) ms for the control group
and 375.0 (35.0) ms for patients (p<0.05). In
the CS-UCS trials, it was 346.2 (15.8) ms for
the control group and 337.9 (15.2) ms for the
patients. The data for the trace paradigm were
1015.6 (58.6) ms for the control group and

988.7 (40.6) ms for patients (trials with CS
alone) as well as 934.1 (16.6) ms for the
control group and 937.0 (11.3) ms for patients
(trials with CS and UCS) (fig 1).

INFLUENCE OF REPEATED CONDITIONING

The comparison of previously conditioned to
naive subjects yielded no significant diVerence
for either paradigm in either group. For the
control group, there was a trend for a better
performance in the delay paradigm with previ-
ously conditioned subjects (F(1,13)=3.77,
p=0.07). For patients, such a trend could not
be found. In detail, patients tested with the
delay paradigm only or first (n=6) yielded 47.6
(34.8)% of CRs in the delay paradigm,
compared with 75.7 (27.9)% for the small
number of previously conditioned subjects
(n=3). Patients tested with the trace paradigm
only or first (n=5) showed 43.1 (25.6)% of
CRs in the trace paradigm compared with 58.2
(30.4)% in the previously conditioned subjects
(n=4).

ANALYSIS OF ALPHA BLINKS

In both paradigms, repeated measures
ANOVAs showed a significant eVect of block
with more alpha blinks in early blocks than in
late blocks. However, neither of the paradigms
yielded a significant eVect of group. Across
paradigms, the control group showed 45.5
(34.1)% of alpha blink in block 1 and 16.6
(22.3)% in block 7. In patients we found 50.6
(39.9)% in block 1 and 21.1 (24.0) % in block
7.

CALIFORNIA VERBAL LEARNING TASK

In the CVLT, a between group comparison of
the key measures (short term and long term
recall, total recall, discrimination, and total
number of correct hits) indicated that patients
with Parkinson’s disease performed only
marginally worse than the normal subjects
(F(1,24)=4.23, p=0.05). There was a
significant interaction of measures
(F(6,144)=393.31, p<0.001) and of measures
by groups (F(6,144)=3.59, p<0.01). A detailed
analysis of measures showed that patients with
Parkinson’s disease were impaired in short

Figure 1 Conditioned eyeblink responses in (A) the delay paradigm (interstimulus interval, 400 ms) and (B) the trace paradigm (interstimulus interval,
1000 ms). Data are mean (SD) (SD is omitted when values overlap) here and in figs 2–4. Note that the trace paradigm yielded more responses than the
delay paradigm in block 1, but fewer in the subsequent blocks. CS, conditioned stimulus (tone); UCS, unconditioned stimulus (electric shock over the
supraorbitalis nerve).
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term (F(1,24)=5.16, p=0.033) and long term
(F(1,24)=3.96, p=0.058) cued verbal recall
(fig 2).

SERIAL REACTION TIME TASK

Reaction time analysis
The average reaction time across blocks was
545.5 (SD 178.6) ms for normal subjects and
769.7 (SD 371.2) ms for patients. A two factor
ANOVA with a Bonferroni correction for mul-
tiple comparisons showed a significant
between-groups diVerence (F(1,24) = 7.2,
p<0.02), but no significant interaction of group
by block was found. The diVerence between
groups showed the slowness of movement in
patients with Parkinson’s disease.

Within group analyses with separate re-
peated measures ANOVA showed a significant
eVect of block (F(6,84)=6.78, p<0.001) in
normal subjects (fig 3) and a significant diVer-
ence between block 7 (random) and the
sequence blocks. In the patient group, there
was a trend for an eVect of block that did not
reach significance (F(6,60)=1.99, p=0.081). In
patients, the random block 7 did not diVer sig-
nificantly from the sequence blocks 3, 4, 5, and
6. Analysis of the change in reaction time
between the last sequence block (block 6) and
the random block (block 7) showed a larger
increase in reaction time in normal subjects
(103.8 (86.6) ms) than in patients with Parkin-
son’s disease (78.3 (218.1) ms), but the diVer-
ence was not significant.

Accuracy errors
The error rate across blocks was 4.35 (4.93)%
for patients and 2.56 (2.52)% for normal sub-
jects. There was no significant between groups
diVerence in accuracy errors (F(1,24)=2.59,
p=0.12) and no significant interaction of group
by block.

A within group comparison for normal sub-
jects showed a significant eVect of block
(F(6,84)=3.62, p<0.01) and a significantly
higher percentage of errors (4.3 (3.8)%) in
block 7, the random block, than in blocks 2, 3,
4, 5, and 6, providing more convergent
evidence for a learning eVect. A within group
comparison for patients showed a significant
eVect of block (F(6,60)=2.39, p<0.04). Com-
parison of individual blocks in patients showed
significant diVerences between block 7, the
random block, and blocks 2, 3, 4, and 6. This is
a strong sign of sequence learning in patients
with Parkinson’s disease.

A two factor ANOVA of average reaction
time normalised to the individual performance
in the first block did not show a significant
group diVerence in the rate of change for reac-
tion time or accuracy, but confirmed the
significant block diVerences as reported for the
raw data.

Manual retrieval of the sequence
A between group comparison did not yield a
significant diVerence (F(1/23)=1.17, p=0.29).
Within group comparisons showed a signifi-
cant eVect of block in both normal subjects
(F(6,84)=19.85, p<0.0001) and patients
(F(6,54)=8.153, p<0.001). As these data show,
a small percentage of correct repetition could
be seen even before the sequence was pre-
sented (baseline guessing rate).

Verbal retrieval of the sequence
There was no significant between group diVer-
ence. Within group analyses yielded a signifi-
cant eVect of block for both normal subjects
(F(6,78)=21.034, p<0.001) and patients
(F(6,60)=9.69, p<0.001). Significant diVer-
ences were found within the row of sequence
blocks 3, 4, 5, and 6, thus showing an increase

Figure 3 Reaction time and errors in a serial reaction time task. Shortening the reaction time and decreasing the percentage of accuracy errors in both
groups indicates a learning eVect during the sequence blocks. Asterisks indicate a significant diVerence for the comparison of blocks 6 and 7 (p<0.05).
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in explicit knowledge during the repetitive
sequence presentation (fig 4).

Rank order correlations (eyeblink conditioning,
SRTT, depression, Parkinson’s disease scale)
There were significant rank order correlations
between verbal and manual retrieval in the
SRTT in both normal subjects (r=0.65,
p<0.02) and patients (r=0.90, p<0.01). The
correlation between the SRTT data and the
eyeblink data was not significant in either nor-
mal subjects or patients. All other rank order
correlations between the reaction time, accu-
racy errors, Beck depression inventory scores,
UPDRS scores, and the conditioned eyeblink
responses were not significant. Thus, the
performance of patients with Parkinson’s
disease on certain cognitive tests cannot be
predicted from their mood state.

Discussion
The results of the eyeblink conditioning task
show that patients with Parkinson’s disease
express CRs normally and reject the hypothesis
that they might show slower acquisition of CRs
than normal subjects. This is consistent with
the results of Daum et al21 who studied patients
with Parkinson’s disease with a delay paradigm
eyeblink conditioning task. They found an even
faster acquisition and a higher level of CRs in
patients than in normal subjects. In particular,
only medicated patients showed significantly
more CRs than normal subjects. The mean
percentage of CRs in the unmedicated patients
with Parkinson’s disease of Daum et al21 from
the second block on was between 45% and
55%. This result is similar to ours (53
(43)%-70 (22)%). Such a similarity suggests
that the methodological diVerence (air puV

compared with an electric shock as UCS) does
not play a major part. However, there is a
remarkable diVerence between the control
groups of Daum et al21 and of our study: Daum
et al21 found a maximum number of CRs for
normal subjects (n=10) in block 4 (40% of
CRs). This is much fewer than in our study, in
which the maximum percentage of CRs in the
delay paradigm was achieved in block 4, with
68.0 (32.1)% (fig 1). The apparent large
variability of CRs in normal subjects was
previously seen by Solomon et al22 and
WoodruV-Pak et al23 and may contribute to
divergent interpretations of findings in pa-
tients.

Might only the more severely aVected
patients with Parkinson’s disease show im-
paired acquisition of conditioned eyeblink
responses? Our rank order correlation analysis
rejects this idea because it did not yield a
significant association of ranking for the
comparison of conditioned eyeblinks, serial
reaction time, and percentage of accuracy
errors. That is, patients with Parkinson’s
disease who were severely aVected on a proce-
dural learning task, which presumably was
related to severity of Parkinson’s disease as
judged by the UPDRS, had normal acquisition
of a conditioned eyeblink response.

The analysis of CR latency showed a trend
for shorter latencies in the patient group, which
yielded significance in the CS alone trials of the
delay paradigm. This is consistent with the
findings in patients with Huntington’s disease
as reported by WoodruV-Pak et al24 who found
normal acquisition of CRs in such patients who
were investigated with a delay eyeblink condi-
tioning paradigm. The timing of CRs, however,
was abnormal in patients as CRs occurred ear-

Figure 4 Explicit learning in a serial reaction time task. Explicit knowledge of a sequence was tested after each block by manual retrieval (repetition of the
last 10 key presses) and verbal retrieval (description of the last 10 positions where asterisks appeared on the screen). There was a significant learning eVect
for manual and verbal retrieval in normal subjects and patients with Parkinson’s disease. Asterisks indicate a significant diVerence for the comparison of
blocks 6 and 7 (p<0.05).

100

20

0

C
o

rr
ec

tl
y 

re
p

ea
te

d
 p

ar
ts

 o
f 

se
q

u
en

ce
 (

%
)

Random
1

80

60

40

Control subjects, manual retrieval (n = 15)

Control subjects, verbal retrieval (n = 14)
Patients with Parkinson's disease, manual retrieval (n = 10)

Patients with Parkinson's disease, verbal retrieval (n = 10)

Random
2

Random
3

Random
4

Blocks

Random
5

Sequence
6

Random
7

*
*

*

*

32 Sommer, Grafman, Clark, et al

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.67.1.27 on 1 July 1999. D

ow
nloaded from

 

http://jnnp.bmj.com/


lier in the response time and were less
accurately placed before UCS onset, as they
were in the control group. The authors discuss
a possible role of the striatum in the timing of
CRs. Our data for the delay paradigm support
this hypothesis.

The results of the patients with Parkinson’s
disease in our eye conditioning paradigms are
clearly diVerent from those of patients with
cerebellar disfunction, for whom a marked
impairment in the acquisition of CRs has been
reported by Topka et al13 who used a delay
paradigm. We conclude from the conditioning
results that impairment of the dopaminergic
system of the basal ganglia does not aVect
either acquisition or timing of eyeblink classical
conditioning.

The results of the CVLT are comparable
with those of Appollonio et al.6 Whereas they
found no significant diVerences between pa-
tients with Parkinson’s disease and normal
subjects in what they called automatic memory
(for example, frequency estimation), they
noted diminished performance of patients with
Parkinson’s disease in “eVortful memory” (on
cued and free recall tasks). We conclude from
our data that the dopaminergic system of the
basal ganglia is relevant for explicit memory as
tested by the CVLT, particularly for the recall
measures.

For the SRTT, our results are consistent with
those of Pascual-Leone et al,7 who found a sig-
nificant between group diVerence in the extent
of reaction time reduction between the sequen-
tial block 5 and the random block 1 of their
experiment. Also, they found a significant
reduction of key press errors during learning in
both normal subjects and patients with Parkin-
son’s disease. Jackson et al25 investigated
SRTTs in normal subjects and patients with
Parkinson’s disease and analysed the increase
in reaction times when a new block with a dif-
ferent pattern was introduced after a series of
blocks with a single repeated sequence. In new
blocks with a structure similar to the repeated
sequence blocks, they found a significantly
larger increase of reaction times in normal sub-
jects than in patients with Parkinson’s disease.
This is consistent with our findings regarding
the reaction time changes between the last
sequence block (6) and the subsequent random
block (7). Jackson et al25 concluded that
patients with Parkinson’s disease are impaired
in SRTTs and that the basal ganglia are
particularly important for learning the total
(rather than partial) serial order of a long
sequence. We conclude from the SRTT data
that patients with Parkinson’s disease react
more slowly than the control group and that
their implicit learning for this task is partially
impaired (absence of significant reduction of
reaction time). Explicit elements of the tasks
(verbal and manual retrieval) are not aVected
by dysfunction of the dopaminergic system.

Comparing the results of the three learning
tests in our experiment, we conclude that
patients with Parkinson’s disease are primarily
impaired if they are aware of the requirements
of the tasks and of the fact that their perform-
ance is being scored. We assume that the

nigrostriatal-frontal system fundamentally
contributes to the performance of such tasks.
The normal performance of patients with Par-
kinson’s disease on the eyeblink tasks suggests
that simple learning procedures can be accom-
plished without using nigrostriatal-frontal
pathways. The role of awareness in relation to
learning tasks was recently strengthened by
Clark et al,26 who compared the level of
eyeblink classically CRs in a delay and a trace
paradigm varying the level of awareness of the
temporal relation of the stimuli. In the trace
paradigm, subjects who were aware of the
structure of stimulus presentation showed
significantly more CRs than those who were
not.

The role of competition may be relevant with
regard to the results of Knowlton et al.27 These
authors showed that patients with Parkinson’s
disease were severely impaired in performing a
probabilistic classification learning task. They
used a reward scale that counted and displayed
on a screen the number of successful or unsuc-
cessful trials over the whole experiment. In our
opinion, such an evident reward system creates
an atmosphere of challenge and personal com-
petition that increases alertness and favours
involvement of limbic pathways. White et al4

used the term “motivational components” to
describe the influence of reward on classical
conditioning tasks. Therefore, it may be argued
that part of the impairment of patients with
Parkinson’s disease in the study of Knowlton et
al27 is due not to the task itself, but rather to
utilisation of the reward scale. In any case, it
would be relevant to know whether the results
obtained by their patients with Parkinson’s dis-
ease would be replicated if the reward scale
were omitted.

Subjectively, our groups of patients with
Parkinson’s disease and normal subjects
seemed much more attentive during the SRTT
than during the eye conditioning tasks. The
latter were perceived by most subjects as long
and somewhat boring. There was no test score
visible to the subjects and no visible goal to
achieve (they were not told about the nature
and frequency of CRs). Moreover, they did not
make a great personal eVort during the tasks.
Thus, we assume that the limbic or nigrostri-
atal pathways were minimally involved during
the eye conditioning tasks. Earlier, we referred
to the view generated from animal studies4 that
the neostriatum plays a modulatory part in
eyeblink classical conditioning. It may be
important that such studies in animals em-
ployed reward as part of the learning experi-
ment. In humans, influence of the basal ganglia
is manifest in competitive and complex learn-
ing tasks in which reward also likely play a sig-
nificant part.
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