
journal ofNeurology, Neurosurgery, and Psychiatry 1993;56:1 169-1177

A comparative study of simple and choice
reaction time in Parkinson's, Huntington's and
cerebellar disease

Marjan Jahanshahi, Richard G Brown, C David Marsden

Abstract
The aim of the study was to compare the
quantitative and qualitative similarities
and differences in the performance of
patients with Parkinson's disease,
Huntington's disease and cerebellar dis-
ease on a number of reaction time tasks.
Simple reaction time (SRT), uncued and
fully cued four choice (CRT) tasks were
performed by eight patients with
Parkinson's disease after withdrawal of
dopaminergic medication for an average
of 14-4 hours; by seven non-demented
patients with Huntington's disease and
by eight patients with cerebellar disease.
An S1 (warning signal/precue)-S2
(imperative stimulus) paradigm was
used in all tasks, with the S1-S2 interval
randomly varying between 0, 200, 800,
1600 and 3200 ms across trials. The
patients with Huntington's disease had a
significantly longer SRT than those with
Parkinson's disease. None of the other
group differences in uncued and
unwarned SRT and CRT was significant.
For the patients with Parkinson's disease
and those with cerebellar disease,
unwarned SRT was faster than uncued
and unwarned CRT. For the patients
with Huntington's disease, this CRT/SRT
difference was not significant. A warning
signal before the imperative stimulus
resulted in a reduction of reaction time
in all three groups. Advance information
provided by SI about the response that
would be required by S2 was used by
patients in all three groups, evident from
reaction times in the fully cued CRT task
being faster than those in the uncued
CRT condition. Patients with cerebellar
disease had slower movement times in
the SRT and CRT conditions compared
with the patients with Parkinson's dis-
ease and Huntington's disease, whose
times did not differ. In one SRT condi-
tion, when the absence of a warning sig-
nal was predictable, patients with
cerebellar disease, and to a lesser extent
those with Huntington's disease, were
able to maintain a general motor readi-
ness before the imperative stimulus. This
was not the case for the patients with
Parkinson's disease who seemed more
dependent on the presence of a warning
signal to reduce their reaction time. With
a few exceptions, the pattern of results
of the three groups were qualitatively

similar. It may be concluded that similar
reaction time deficits are found in
Parkinson's disease, in patients with
other disorders of the basal ganglia
(Huntington's disease), as well as those
with a disease sparing the basal ganglia
(cerebellar disease). The non-specific
slowness observed at the behavioural
level may, however, have diverse central
mechanisms.

(7 Neurol Neurosurg Psychiatry 1993;56:1169-1177)

A current hypothesis about the specific role of
the basal ganglia in motor control is that they
are involved in motor programming.' A num-
ber of studies have examined this hypothesis
by assessing simple (SRT) and choice reac-
tion time (CRT) in Parkinson's disease-for
example, . Despite the inconsistencies in the
specific patterns of SRT and CRT deficit
found across these studies, there is general
agreement that patients with Parkinson's dis-
ease have longer reaction times than age-
matched normals. Such prolongation, how-
ever, is not specific to Parkinson's disease. A
body of evidence suggests that slowness is
present across a range of brain pathologies.
Prolonged SRT or CRT, or both, compared
with normal subjects has been reported for
patients with epilepsy,7 Alzheimer's disease,8
and various cases of head injury.9 Slowing is
also observed in psychiatric conditions such
as depression and schizophrenia,'0 as well as
in normal ageing."I
From the available evidence, however, it

could be argued that, although general slow-
ing of reaction time may not be specific to
Parkinson's disease, these patients exhibit a
particular pattern of SRT/CRT impairment.
A number of studies have found, relative to
matched controls, that patients with
Parkinson's disease are differentially or
selectively impaired on SRT but not CRT
tasks.24- This pattern of deficit has been
interpreted as indicating that these patients
fail to preprogramme-that is, fail to use the
advance information about the nature of the
response available to them in a SRT or pre-
cued CRT task to programme the response
before the onset of the imperative stimulus.
This pattern of deficits, however, does not
have universal support-for example,3 62.
Furthermore, the inability to benefit from
advance information in a precued CRT
condition (taken as equivalent to SRT) has
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been reported for patients with frontal lobe
damage,'3 lesions of the supplementary motor
area,14 and Alzheimer's disease8 and is not
specific to Parkinson's disease.
Most published reports on reaction time in

Parkinson's disease have been concerned with
the issue of normality-that is, whether the
pattern of reaction times and use of advance
information in patients with Parkinson's dis-
ease differ from those of matched normal
subjects. A second and important question
that arises is one of specificity-that is,
whether the particular pattern of deficits is
specific to Parkinson's disease or is also
present in other disorders of the basal ganglia.
To date, only a handful of studies has
addressed this question. In the study of
Girotti et al,'5 Huntington's disease patients
had significantly longer CRT compared with
patients with Parkinson's disease. Halsband et
al'6 compared the performance of 14 patients
with Huntington's disease, nine with
Parkinson's disease, and 20 normal controls
on two tasks, one requiring precise aiming
movements and the other involving idio-
graphic writing. On the aiming tasks, the
patients with Parkinson's and Huntington's
disease showed similar increases in movement
time as a function of the difficulty of the task,
relative to normal subjects. On the writing
task, however, the patients with Huntington's
disease showed disproportionate increases in
writing time when letter size was increased.
Viallet et al17 found that the SRTs of six
patients with progressive supranuclear palsy
were significantly longer than those of 13
patients with Parkinson's disease. Similarly,
Dubois et al 'I reported that 10 patients with
progressive supranuclear palsy were signifi-
cantly slower than the 33 patients with
Parkinson's disease on SRT as well as go-no
go CRT. The results of these studies suggest
that reaction time deficits may not be specific
to Parkinson's disease but also may be pre-
sent in other forms of striatal pathology. The
relatively simple paradigms used, however,
offer little opportunity for determining the
processes that underlie the slowness observed
in the different groups.
The other aspect of the specificity question

is whether the impairment of reaction time is
specific to disorders of the basal ganglia or is
also a feature of other movement disorders. It
has been suggested that the lateral
cerebellum'9 as well as the supplementary
motor area20 play a role in motor program-
ming. On this basis, it would be expected that
patients with cerebellar disease or those with
lesions of the supplementary motor area also
would show deficits in reaction time that
tapped this process. Some evidence for this
exists. Nakamura and Taniguchi2l found that
warned SRTs of 10 patients with cerebellar
disease were significantly slower than those of
13 patients with Parkinson's disease and 14
normal subjects. Verfaellie and Heilman22
examined performance on uncued and pre-
cued CRT tasks in two patients with chronic,
unilateral, medial frontal lobe lesions. The
patient with a left-sided lesion benefitted

from advanced information about the
required response, whereas the patient with a
right-sided lesion did not.
To date, no study has simultaneously

addressed these two aspects of the specificity
question: firstly whether the obtained pat-
terns of reaction time deficit are specific to
Parkinson's disease or are also present in
other disorders of the basal ganglia; and
secondly, whether they are also a feature of
other movement disorders involving patho-
logy outside the basal ganglia. The aim of the
present study was to compare the pattern of
performance of patients with Parkinson's,
Huntington's and cerebellar disease.
The following questions were addressed.

Firstly, how does the performance of patients
with Parkinson's disease compare with that of
patients with Huntington's or cerebellar dis-
ease on SRT and CRT tasks? Secondly, are
there differences between the three groups in
the ability to increase general alertness with a
warning signal presented before the impera-
tive stimulus? Thirdly, are there differences
between the three groups in terms of their
ability to develop an anticipatory set for the
occurrence of the imperative stimulus and
increase their general readiness to respond?
Finally, are there differences between the
three groups in the use of advance movement
parameter information for preprogramming
of motor responses?

Method
SUBJECTS
Three groups of patients took part in the
study: eight patients with idiopathic
Parkinson's disease, seven patients with
Huntington's disease (all with a documented
family history) and eight cases of idiopathic
cerebellar degeneration with a late onset in
most cases. Table 1 provides demographic
and illness-related information of the groups.

All of the patients with Parkinson's disease
were receiving dopaminergic medication
(average levodopa dose 650 mg, SD 306 mg,
with a peripheral decarboxylase inhibitor). In
addition, two patients were on anticholiner-
gics, three were taking a monoamine oxidase
B inhibitor (selegeline/deprenyl), and three
were taking amantadine. This group was
tested in a drug-reduced state, after omitting
the first morning dose of medication. The
average time between taking the last dose of

Table I Details ofpatients with Parkinson's disease,
Huntington's disease and cerebellar disease

Parkinson's Huntington's cerebellar
disease disease disease

Male 5 4 5
Female 3 3 3
Right handed 6 6 8
Left handed 2 1 0
MMSE score 29-1 (1 0) 28-6 (1-3) 27-3 (2-1)
BDI score 6-6 (3 0) 12-1 (6 3) 10-3 (4 9)
Age 61-3 (9 7) 44-4 (12-9) 55 0 (8 0)
Age of onset 53-0 (10-4) 40 3 (11-4) 44-8 (13-9)
Durationofillness 8-3 (5-8) 4-1 (2 5) 10-3 (11-3)

MMSE = mini-mental state examination; BDI = Beck depres-
sion inventory. Standard deviations are given in parentheses.
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medication on the previous evening and start
of testing was 14-4 hours (SD 2-2, range
11-17 hours). One of the patients with
Huntington's disease was taking haloperidol.
None of the patients with cerebellar disease
were taking any medication.
The mini-mental state examination

(MMSE)23 and the Beck depression inventory
(BDI)24 were, respectively, used to screen for
dementia and depression (table 1 gives the
mean scores). A neurologist rated the patients
with Parkinson's disease on the Webster
scale25 and those with Huntington's disease
on the Marsden and Quinn chorea severity
evaluation scale.26 The patients with cerebel-
lar disease were assessed on an ataxia severity
scale currently under development, with
items relating to the performance of rapid
alternating movements, dysmetria and inten-
tion tremor, sway and postural stability, gait,
and speech. Scores on this scale range from 0
to 32, with higher scores indicating more
severe disease. The mean scores of the
patients with Parkinson's disease on the
Webster scale were 14-6 (SD 5 6). On medic-
ation, five of these were in Hoehn and Yahr27
stage III, one was in stage I and two were in
stage II. The patients with Huntington's dis-
ease had mean chorea severity scores of 10-6
(SD 7-9). The average ataxia rating for the
patients with cerebellar disease was 13-6 (SD
5-2). Although precise matching of patients
with different disorders in terms of illness
severity is not possible, nevertheless the rat-
ings suggested that patients in the three
groups were manifesting mild to moderately
severe symptoms of their disease.

REACTION TIME TASKS
The response board had six circular buttons
(diameter 2-5 cm). Two black central but-
tons, 15 cm apart were the 'home' keys.

Precue/warning
signal (Si)

1-4 s

Imperative
stimulus (S2)

0, 200, 800, 1600,
3200 ms

w

DDC
DDC

DL
Figure 1 A diagrammatic representation of the procedure and the various experimental
tasks.

There were two red response buttons 10 cm
above these, and at the same distance below,
two green response buttons.

Figure 1 shows the various reaction time
tasks. The subject sat in front of a visual dis-
play unit and held down one or both of the
"home" keys with the index finger of the
right, left or both hands, depending on the
condition. This made a small fixation cross
appear in the middle of the screen. On 80%
of the trials, after a variable delay (1-4 s), a
precue/warning signal (Si) was presented. In
all conditions, Si was one or more empty
squares. The imperative stimulus (S2) was
the filling (becoming white on the black dis-
play) of the relevant square after an experi-
mentally manipulated interval of 200, 800,
1600 or 3200 ms. On 20% of trials, no
Si was given, the subject receiving only
the imperative stimulus (unwarned/uncued
trials). The subject's task was to respond as
quickly as possible to the imperative stimulus
by releasing the "home" key (reaction time)
and moving to and pressing the relevant
"response" key (movement time). The screen
cleared 500 ms after a response was made,
and the next trial was started when the sub-
ject returned to and depressed the "home"
key. Anticipations (reaction times of 100 ms
or less), long responses (over 3 s), and deci-
sion errors (wrong response key pressed in
CRT) were eliminated and the trial replaced.

Simple reaction time
In the SRT task each block of trials involved
the same response-for example, moving the
right index finger from the "home" key to the
right upper "response" key-to the same
stimulus. Two versions of the SRT task were
used: a "random block" SRT and a "fixed
block" SRT condition. In the "random
block" condition, trials with each of the five
S1-S2 intervals were randomly mixed, with
10 trials per interval. In the "fixed block"
SRT condition, 10 consecutive trials were
given for each of the S1-S2 intervals. The
order of the five S1-S2 intervals was counter-
balanced within each group. All subjects were
tested separately with right and left hands on
the two SRT tasks. The order of testing for
hand and condition was counterbalanced
within each group.

Four choice reaction time
The two movement parameters involved were
hand (right versus left) and direction (up ver-
sus down). The response was fully cued or
uncued across the conditions. Each CRT
condition consisted of a block of 75 trials,
with 15 trials at each of the five S1-S2 inter-
vals randomly mixed. An approximately equal
and randomly mixed number of right and left
hand responses were incorporated. In the
uncued task (see fig 1), four empty squares
appeared on the display to the left and right
and above and below the fixation point. After
the S1-S2 interval, one of the four squares
filled, indicating the response button to be
pressed. In the fully cued condition (see fig
1), a single empty square appeared in one of

Fixation
point

Simple RT

Uncued CRT

Fully cued CRT
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the four possible positions above or below, to
the left or right of the fixation point, its
spatial location providing complete and
precise information about the required
response to the subject. After the S1-S2
interval, the square filled, instructing the
subject to move to the appropriate key. All
subjects performed the SRT conditions first,
followed by the CRT conditions. Within each
group, the order of the CRT conditions was
counterbalanced. To assess practice or fatigue
effects, the random block SRT condition was
repeated at the end of the session.

STATISTICS
The x2 test was used for examining distri-
bution of variables (sex, handedness) across
the three groups. With normally distributed
data, group differences were analysed using
analysis of variance. When the data were
not normally distributed, non-parametric
Kruskal-Wallis analyses of variance were
used.

Results
Table 1 lists the demographic and illness-
related details of the groups. There were no
differences across the groups in the distribu-
tion of men and women or in terms of
handedness (p > 0-05). The differences in
age between the groups were significant
(p < 0 05), with the patients with Parkinson's
disease being older than those with
Huntington's disease (p < 0-05). The three
patient groups did not differ in terms of dura-
tion of illness or mean age of onset of the dis-
ease (p > 0 05). While the differences in the
MMSE scores approached significance (p =
0 07), none of the patients had MMSE scores
lower than the cut off of 23.23 The groups did
not differ significantly in mean scores on the
BDI (p > 005), and two of the patients with
Huntington's disease and one of those with
cerebellar disease had BDI scores above the
cut off of 17 used for differentiating moderate
to severe depression.24

Comparing overall mean SRT at the begin-
ning and end of the session, showed a mean
increase of 65 ms for the patients with
Parkinson's disease, 10 ms for those with
cerebellar disease, and 34 ms for those with
Huntington's disease. The effect of test occa-
sion was significant (p < 0 01), but not the
group, or the group by test occasion interac-
tion (p > 0 05). In all three groups SRTs
increased, indicating a similar, within-session
fatigue effect.
As the patients with Parkinson's and

Huntington's disease differed in age, and
group differences in MMSE scores
approached significance, all analyses were
repeated using age and MMSE scores as
covariates. Regression statistics showed that
age and MMSE were not significant covari-
ates, however, and the results did not differ
when these covariates were or were not
included. The results of the simpler analysis
of variance without covariates are, therefore,
reported. In all analyses of variance, group

800

n
E
a)
E
F
0
0
co
a:

700 -

600

500-

400
SRT CRT SRT CRT SRT CRT

Figure 2 The mean unwarned (no Sl) simple reaction
time (SRT) and the unwarned and uncued choice reaction
time (CRT) conditions of the patients with Parkinson's
disease (*), Huntington's disease (X) and cerebellar
disease (O).

was the between groups factor and reaction
time condition with or without S1-S2 interval
were the within-subject, repeated measures
factors.

UNWARNED AND UNCUED SRT AND CRT
To compare true SRT and CRT, the trials
without an SI from the random block SRT
and the uncued CRT tasks were compared.
Figure 2 shows the data for the three groups.
The groups differed in SRT (p < 0.01). Post
hoc analysis using the Scheffe test revealed
that this resulted from the SRT of the
patients with Huntington's disease being sig-
nificantly longer than that of the patients with
Parkinson's disease (p < 0 05), whereas the
differences in SRT between the patients with
cerebellar disease and the other two groups
were not significant. The three groups did not
differ in terms of CRT (p > 0-05). Paired stu-
dent's t tests were used to analyse SRT/CRT
differences within each group. CRT was sig-
nificantly longer than SRT for the patients
with Parkinson's disease (121 ms difference)
(p < 0 01) and for those with cerebellar dis-
ease (129 ms difference) (p < 0-05). For the

800

Co
E

ci)

E

0
0
coi
a)

700

600

500

400
0 200 800 1600 3200

S1-S2 Interval (ms)
Figure 3 The mean reaction times of the patients with
Parkinson's disease (0), Huntington's disease (LI) and
cerebellar disease (O) across thefive S1-S2 intervals in
the uncued choice reaction time condition.
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patients with Huntington's disease, however,
the difference between CRT and SRT
(41 ms) was not significant (p > 0 05).

EFFECTS OF A WARNING SIGNAL
The effects of a warning signal-that is, a
stimulus having a general alerting effect with-
out providing specific information about the
particular response required-was assessed in
the uncued CRT condition by comparing
reaction times for the unwarned (S1-S2
interval of 0 ms) with the mean of the warned
trials (S1-S2 interval of 200, 800, 1600 or
3200 ms). Figure 3 shows the data. Presence
of a warning signal significantly decreased
reaction times for all three groups (p <
0-001). The three groups did not differ
(p > 0 05). The group by warned/unwarned

I I*
0 *2 -8 1-6 3-2 0 *2 8 1-6 32

CD

0 2 -8 1-6 3-2
Figure 4 The mean reaction times of the patients with Parkinson's disease (PD),
Huntington's disease (HD), and cerebeUlar disease (CD) across thefive S1-S2 intervals
in thefixed block (0) and random block (O) simple reaction time conditions.

HD CD

0-2 0-8 1-6 3-2 0-2 08 16 3-2 0-2 0-8 1-6 3-2

S1-S2 Interval (s)
Figure 5 The mean reaction times of the patients with Parkinson's disease (PD),
Huntington's disease (HD) and cerebellar disease (CD) across the 200 to 3200 ms S1-2
intervals in the uncued (O) andfully cued (0) choice reaction time conditions.

condition interaction was not significant (p >
0-05). The pattern of shortening of CRT with
a warning signal in the three groups was
examined further by comparing performance
across the four warning signal intervals (200,
800, 1600, 3200 ms). The patients with
Parkinson's disease showed an enhanced
warning signal effect with an S1-S2 interval
of 200 ms relative to the other intervals
(p < 0 05). In contrast, the other groups
showed no significant difference in RT across
the four, warned intervals (see fig 3).

EFFECTS OF TEMPORAL EXPECTANCY
The effects of temporal expectancy were
assessed by comparing the random and fixed
block SRT (the latter provided the oppor-
tunity for development of an anticipatory set
for the onset of the imperative stimulus in the
warned trials). In the unwarned trials, the
absence of a warning signal is also predictable
in the fixed block task. The data are shown in
fig 4. Of all the main and interaction effects,
the significant ones were the main effect of
interval (0, 200, 800, 1600, 3200 ms)
(p < 0-001), the Group by interval interaction
(p < 0 01), and the condition (fixed vs
random block) by interval interaction
(p < 0-001). The group by interval interac-
tion was explored further by examining the
main effect of interval in each of the two SRT
conditions and in each group separately. For
the patients with Parkinson's disease and
Huntingdon's disease, the main effect of
interval was significant in both the fixed and
random block SRT conditions (p < 0-001).
For the cerebellar patients, however, the main
effect of interval was significant in the ran-
dom block SRT (p < 0 001), but not in the
fixed block SRT condition (p > 0 05). In
relation to the significant condition by inter-
val interaction, further post hoc analyses
revealed that, for the patients with
Huntington's disease (p < 0-01) and those
with cerebellar disease (p < 0 01), reaction
times for the unwarned trials (S1-S2-inter-
val of 0 ms) were significantly faster in the
fixed block than in the random block con-
dition. For the patients with Parkinson's
disease, this difference was not significant
(p > 0-05).

USE OF ADVANCE SPATIAL INFORMATION
Group differences in the use of full advance
information about the required response
compared with the uncued CRT condition
were examined for the 200 to 3200 ms S1-S2
intervals (fig 5). There were no differences
between the groups (p > 0-05). The main
effects of condition and interval and their
interaction were significant (p < 0 001). In
contrast, none of the interactions involving
group were significant (p > 0-05). Across the
three groups, the significant main effect of
condition resulted from reaction times in the
uncued CRT being slower than those in the
fully cued CRT task (p < 0 001). From this it
can be inferred that patients in all three
groups used the advance information pro-
vided by the precue, to preprogramme the

PD
700 -

600-cn

a)
E
F- 500-
c
0
C.)
cu
0)
E 400-

300

800 -

PD

cn

C')

E
a)
E

0

CZ)0)

700

600-

500

400
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Table 2 Mean (SD) of movement time in each of the conditions for the patients with
Parkinson's, Huntington's and cerebellar disease

Parkinson's disease (ms) Huntington's disease (ms) Cerebellar disease (ms)

Simple RT 389 (65) 453 (165) 523 (126)
Choice RT
Uncued 469 (84) 480 (176) 658 (88)
Fully cued 499 (79) 503 (215) 709 (174)

Mean movement times are the averages of the five S 1-S2 intervals.
RT = reaction time.

response and speed up reaction times. The
significant condition by interval interaction
can be explained by the decrease in reaction
time with increasing S1-S2 intervals in the
fully cued but not in the uncued condition
(fig 5). The fact that reaction times decreased
with longer S1-S2 intervals in the fully cued
condition, suggests that longer preparatory
intervals allowed subjects to benefit more

from the advance information provided by
Si. In contrast, in the uncued CRT condi-
tion, longer S 1-S2 intervals produced no

beneficial effects on reaction time beyond
that evident even at 200 ms as a result of the
presence of a warning signal.

MOVEMENT TIME

Table 2 shows the mean movement times in
the SRT and CRT conditions. With regard to
group differences in movement time between
the SRT and CRT tasks, the main effect of
group (p < 0 05) and condition (p < 0-001)
were significant, whereas their interaction was
not (p > 0-05). The significant condition
effect arose from longer movement times for
the CRT than the SRT task. The group effect
resulted from the movement times of the
patients with cerebellar disease being longer
than those of patients with Huntington's and
Parkinson's disease in both the SRT and
CRT conditions (p < 0 05). Across all condi-
tions, movement times of the patients with
Huntington's disease tended to be slower
than those with Parkinson's disease, although
none of the differences were significant (p >
0-05). Group differences in movement time
between the two CRT conditions were also
examined. The main effects of group and
condition (p < 0 05) were significant,
whereas their interaction was not (p > 0 05).
As is evident from table 2, the main effect of
condition resulted from movement time in
the precued CRT being slower than that in
the uncued CRT task in all three groups (the
difference only being significant for the
patients with Parkinson's disease). Post hoc
analyses revealed that, across the conditions,
the main effect of group resulted from move-
ment times of the patients with cerebellar dis-
ease being longer than those with Parkinson's
disease and Huntington's disease (p < 0 05,
except for comparison of the groups with
Huntington's and cerebellar disease in pre-
cued CRT condition p < 0 06). Although the
movement times of the patients with
Parkinson's disease were faster than those
with Huntington's disease, the differences
were not significant (p > 0 05).

ERRORS
Very few errors were made in any of the
groups. The groups differed significantly in
terms of anticipations in the random block
SRT (mean errors Parkinson's: 075;
Huntington's: 4.0; cerebellar:ll; p < 0 01)
and the fully-cued CRT (mean errors
Parkinson's: 0-43; Huntington's: 12-8; cere-
bellar: 6&1; p < 0 05) conditions. Post hoc
analyses revealed that the above group differ-
ences in SRT resulted from the patients with
Huntington's disease having significantly (p <
0 50) more anticipations than the other two
groups, with no differences between the latter
groups. In the precued CRT, the patients
with Parkinson's disease had significantly
more anticipations than the Huntington's dis-
ease and cerebellar disease cases (p < 0 05),
whereas the differences between the other
two groups did not attain significance.

Discussion
Before discussing the implications of the
results, the effect of a number of factors that
could potentially confound the findings need
to be considered. Although the patients with
Huntington's disease were younger and had
lower MMSE scores than the Parkinson's dis-
ease patients, neither age nor MMSE were
significant covariates for the reaction time
measures and their inclusion as covariates did
not alter the pattern of results. A significant
fatigue effect, as indexed by a slowing of SRT
from the begining to the end of the session,
was present in all three groups. Therefore,
the pattern of between group results was not
confounded by differential fatigue effects. In
all three groups, very few errors of any type
were made. The only group differences in
error was in terms of the anticipations in the
SRT and fully cued CRT conditions. In any
case, the reaction time data analysed were
based on error-free trials.

GROUP DIFFERENCES IN ALERTNESS AND
MOTOR READINESS
With regard to the beneficial effects of a
warning signal, in all three patient groups,
CRTs were reduced when a warning signal
was present compared with the unwarned tri-
als (fig 3). Furthermore, for the patients with
Parkinson's disease, the speeding of CRT
with a warning signal was maximal when a
warning signal was presented 200 ms before
the imperative stimulus. This optimal period
of 200 ms for a warning signal in CRT is
typically found in normal subjects.628 This
pattern was not found in the other two
groups.

In all three patient groups, the presentation
of a warning signal also reduced reaction
times compared with unwarned trials in the
random block SRT (fig 4). This reduction
with a warning signal was also evident in the
fixed block SRT condition for the groups
with Parkinson's and Huntington's, but not
the patients with cerebellar disease.

In normal subjects, the use of a fixed
S1-S2 interval or preparatory interval reduces
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reaction times.'F'0 In the present study, as in
our previous studies,63' however, no differ-
ences in reaction time between random and
fixed block SRT conditions were observed, as
the relatively small number of trials at each
preparatory interval may have been insuffi-
cient to promote the development of an antic-
ipatory set and augment motor readiness
beyond that achieved by the use of warning
signals in the random block SRT. The fixed
block SRT condition in fact employed two
types of predictability. The first was the tem-
poral predictability of S2 following SI in tri-
als where a warning signal was given
(200-3200 ms). The second aspect of pre-
dictability was for those trials where no warn-
ing signal was given. In this case the subject
could benefit from the knowledge that the
trial would be unwarned only if he or she was
able or willing to maintain a constant state of
response readiness during the period of time
following the last response to the onset of the
imperative stimulus. The results from the
present study suggest that the three groups
differed in this aspect of predictability. The
absence of a warning signal and interval effect
in the fixed block condition for the patients
with cerebellar disease suggests that, in this
condition, they were able to maintain a gen-
eral motor readiness even without a warning
signal. The performance of the patients with
Huntington's disease was intermediate. The
fact that reaction times for the unwarned tri-
als were significantly faster in the context of
the fixed block SRT than the random block
SRT, suggested that the patients with
Huntington's disease could maintain motor
readiness to some extent, but not as well as
the patients with cerebellar disease who, in
addition, did not show any interval effect in
the fixed block SRT condition. The patients
with Parkinson's disease when tested off med-
ication, however, needed the external trigger
of a warning signal to generate a state of
readiness to respond when the onset of the
imperative stimulus was not temporally pre-
dictable from the warning signal. This appar-
ent over-reliance of the patients with
Parkinson's disease on a warning signal in
order to maintain motor readiness is consis-
tent with the finding that provision of exter-
nal cues improved the ability of these patients
to maintain motor set,32 and the suggestion
that these patients have difficulty in internal
but not external control of attention."
To summarise: firstly, patients in all three

groups benefited from a warning signal; sec-
ondly, for the patients with Parkinson's dis-
ease, the reduction of CRT was maximal with
a warning signal presented 200 ms before the
imperative stimulus; and finally, in the con-
text of the predictable absence of a warning
signal in SRT, the patients with cerebellar
disease and to a lesser extent those with
Huntington's disease could maintain motor
readiness. In contrast, the patients with
Parkinson's disease tested off medication
required the external trigger of a warning sig-
nal to generate and maintain a state of motor
readiness.

GROUP DIFFERENCES IN SRT AND CRT AND THE
USE OF ADVANCE INFORMATION
Before discussing the reaction time data, it is
necessary to consider movement time, to
ensure that the effects of advance information
are only reflected in the first and not the sec-
ond sets of data. In the SRT condition, where
the same discrete movement to a single target
was involved across trials, movement times
were faster in all three groups than in the
CRT conditions, where the position of the
target changed across trials. The important
thing to note, however, is that since move-
ment times were in fact slower in the precued
condition relative to the uncued CRT, provi-
sion of advance spatial information reduced
reaction but not movement times. The
patients with cerebellar disease had signifi-
cantly longer movement times than the
patients with Huntington's disease and those
with Parkinson's disease across the SRT and
CRT conditions. Movement times of the
patients with Huntington's disease were, in
turn, slower than those with Parkinson's dis-
ease across the SRT and CRT conditions,
although none of the differences were signifi-
cant. As noted above, however, because there
is no evidence that provision of advance spa-
tial information reduced movement times, no
differences in motor programming can be
inferred from these group differences.

For the patients with Parkinson's disease
or cerebellar disease, uncued CRT was signif-
icantly slower than SRT. For the
Huntington's disease patients, however, SRT
did not differ from CRT. This suggests that
the patients with Huntington's disease were
failing to engage in the optional preprogram-
ming which is essential for conferring its
speed advantage to SRT. However, in the
fully cued CRT task, advance information
was used by all three patient groups to pre-
programme responses, as indicated by faster
reaction times in this condition relative to the
uncued CRT. Therefore, in contrast to SRT,
the process of programming a response when
performed before the imperative stimulus on
the basis of explicit, external advance spatial
information (precued CRT task) or after the
imperative stimulus (uncued CRT) did not
reveal any differences between the patients
with Parkinson's, Huntington's or cerebellar
disease.
How can this failure of the patients with

Huntington's disease to preprogramme the
response in SRT be explained? One reason
may be that preprogramming in SRT is an
optional, volitional and resource-demanding
strategy. As noted by Klapp34: 'Such advance
programming would not be obligatory when
the SRT paradigm is used since subjects
could merely ignore the advance information
and postpone programming until the onset of
the "go" signal'. (pp.234-5). In addition, in
SRT, as programming of the response occurs
before the stimulus, it is volitionally (inter-
nally) controlled rather than externally trig-
gered.'5 Results of studies examining the
degree of interference produced by a sec-
ondary task on SRT and CRT,5 35 have shown
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that the volitional control necessary for pre-
programming of the response in SRT is a
resource-demanding process. The failure to
preprogramme the response in SRT by the
group with Huntington's disease can be inter-
preted as indicating an inability to engage in
volitional control of action, possibly because
of its resource-demanding nature. Whether
this is due to a reduction of processing
resources or less efficient use of available
resources has not been explored. The avail-
ability and strategic allocation of processing
resources in Huntington's disease needs to be
addressed in the future.
The only quantitative group difference in

reaction time was in the patients with
Huntington's disease, who had a significantly
slower SRT than the group with Parkinson's
disease. The groups did not differ with regard
to uncued CRT. With the exception of the
unwarned SRT task, across conditions,
patients with Parkinson's disease had the
fastest and the cerebellar group had the slow-
est reaction times, with the Huntington's dis-
ease patients falling in between, although the
differences were not significant. In previous
comparative studies, patients with cerebellar
disease2' or Huntington's disease"5 have been
found to have significantly longer SRTs or
CRTs than those with Parkinson's disease.
The apparent discrepancy between the pre-
sent results and those of the previous studies
may be related to two factors. Firstly, the spe-
cific nature of the tasks used differed across
studies. For example, Nakamura and
Taniguchi's21 SRT task involved bimanual
flexion or supination of the forearms to an
auditory signal. Furthermore, premotor-that
is, the interval between go signal and EMG
onset-SRT was measured. The type of
response and its method of measurement are
different therefore, compared with the pre-
sent study which involved a single finger lift-
ing total SRT (interval between go signal and
onset of behavioural response-that is, pre-
motor and motor RT). Differences in the
nature of the stimuli and responses are also
evident between the uncued CRT task of this
study, which required lifting either the right
or left hand from one of two "home" keys,
and movement in the vertical plane to one of
four upper or lower "response" keys when the
go signal was visually presented on a display,
and that of Giortti et al'5 which involved the
movement of the finger from a single central

Table 3 A summary of the similarities and differences in the reaction time performance of
patients with Parkinson's, Huntington's and cerebeUlar disease

Parkinson's Huntington's Cerebellar
disease disease disease

Able to make use of a warning signal to reduce RT Yes Yes Yes
relative to unwarned trials in an uncued CRT task

Able to maintain state of motor readiness on trials No Yes/No Yes
when it is known that there will be no warning signal
(O ms S1-S2 interval in fixed block SRT task)

Able to make use of response invariance in SRT Yes No Yes
to reduce RT relative to CRT task

Able to make use of advance spatial information Yes Yes Yes
to reduce RT in a precued CRT task relative to
uncued CRT

RT = reaction time; CRT = choice reaction time; SRT = simple reaction time.

"home" key to one of several peripheral
"response" keys when these lit, thus necessi-
tating lateral movements in the horizontal
plane.
The second factor that may account for the

apparent discrepancy in the statistical signifi-
cance of group differences across various
studies is the issue of variability. Whether
differences between groups attain statistical
significance or not across studies depends on
such factors as sample size, the number of
reaction time trials, or the amount of prac-
tice. These are likely to affect reaction time
variability, and ultimately determine the
degree of within group variability compared
with between groups variability. Therefore,
regardless of whether any quantitative differ-
ences in reaction time between the groups
attained statistical significance or not, an
important consideration is whether the pat-
tern of results are qualitatively similar or dif-
ferent in the three patient groups. Table 3
summarises the similarities and differences
between the three patient groups across the
various experimental conditions of the pre-
sent study.

Firstly, we will consider group similarities
and differences in alertness and motor readi-
ness. Presentation of a warning signal
speeded up CRT and randomised SRT in all
groups, indicating that the groups did not dif-
fer in terms of general alertness. Qualitatively,
the only difference between groups was that,
with prior knowledge that trials would be
unwarned (fixed block SRT), patients with
cerebellar disease and, to a lesser extent,
those with Huntington's disease, were able to
maintain motor readiness even in the absence
of a warning signal, whereas those with
Parkinson's disease, tested off medication,
were unable to do so. As noted above, these
deficits in maintaining motor readiness with-
out a warning signal in patients with
Parkinson's disease may relate to the over-
reliance of these patients on the external con-
trol of attention.

Secondly, the pattern of SRT/CRT perfor-
mance and the use of advance information
suggests that the processes of stimulus identi-
fication, response selection, and response
programming are quantitatively as well as
qualitatively similar in the patients with
Parkinson's disease and cerebellar disease.
The patients with Huntington's disease
appeared able to use advance information in
the precued CRT task but did not engage in
advance programming of the invariant
response when this was optional in the SRT
task.

In the present study, one simple interpreta-
tion of this general similarity in the reaction
time performance of those with Parkinson's
cerebellar and to a lesser extent,
Huntington's disease, is that these deficits are
a non-specific concomitant of any form of
brain damage. Such a suggestion is consistent
with a body of evidence referred to earlier.
Therefore slowness in RT is present across a
range of brain pathologies. What is, in effect,
observed across a range of disorders affecting
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brain function, including the three patient
groups in the present study, is behavioural
slowness. The important question relates to
the mechanism(s) underlying this slowness in
the different diseases. One possible explana-
tion is that brain damage of any sort may
affect some global or general function, such
as attentional processing or motor readiness,
which is manifested as behavioural slowness.

The second possibility is that the observed
behavioural slowness in the different dis-
orders is in fact mediated by different mecha-
nisms. The motor symptomatology and
pathophysiology of Parkinson's, Huntington's
and cerebellar disease differ in fundamental
ways. In Parkinson's disease, during ballistic
movements, the size of the first agonist burst
is reduced, thus requiring additional cycles of
agonist/antagonist activity for completion of a
movement.'6 In contrast, in cerebellar dis-
ease, the initial bursts of activity in the ago-
nist or antagonist muscles, or both, are
prolonged and the timing of antagonist
inhibition is abnormal, which has respectively
been noted to underlie dysmetria and
dysdiadochokinesia." In patients with
Huntington's disease, Hefter et al38 found a
deficit in building up EMG activity, which
caused prolongation of EMG bursts and
slowness of contraction. Although there is
diverse pathology in each of the three dis-
eases, it may be that the critical pathology dif-
fers in these disorders and involves the
cerebellum in cerebellar disease, the putamen
in Parkinson's disease, and the caudate in
Huntington's disease. Each of these regions,
in turn, projects predominantly via distinct
parts of the thalamus to discrete areas of
frontal cortex: motor and premotor cortex
from the cerebellum; the supplementary
motor area from the putamen; and prefrontal
cortex from the caudate. The central mecha-
nisms of behavioural slowness may be differ-
ent in Parkinson's, Huntington's, and
cerebellar disease, therefore, and the unravel-
ling of the mechanisms of motor slowness in
these movement disorders remains a task for
future studies.
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