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Abstract

The ability to spatially rotate a mental image was compared in patients with Alzheimer’s disease (AD;n 5 18) and
patients with Huntington’s disease (HD;n 5 18). Compared to their respective age-matched normal control (NC)
group, the speed, but not the accuracy, of mental rotation abnormally decreased with increasing angle of orientation
for patients with HD. In contrast, the accuracy, but not the speed, of rotation abnormally decreased with increasing
angle of orientation for patients with AD. Additional analyses showed that these unique patterns of performance
were not attributable to different speed0accuracy trade-off sensitivities. This double dissociation suggests that the
distinct brain regions affected in the two diseases differentially contribute to speed and accuracy of mental rotation.
Specifically, the slowing exhibited by HD patients may be mediated by damage to the basal ganglia, whereas the
spatial manipulation deficit of AD patients may reflect pathology in parietal and temporal lobe association cortices
important for visuospatial processing. (JINS, 2005,11, 30–39.)
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INTRODUCTION

Although Alzheimer’s disease (AD) and Huntington’s dis-
ease (HD) are both neurodegenerative disorders that cause
global dementia syndromes, there is considerable evidence
that distinct neurobehavioral and neurocognitive deficits are
associated with the two diseases (Cummings, 1990; Cum-
mings & Benson, 1983; Heindel & Salmon, 2001). AD is
characterized by a prominent amnesia with secondary def-
icits in language, abstract reasoning, and visuospatial func-
tioning (for review, see Salmon & Bondi, 1999). These
deficits are consistent with extensive damage to the medial
temporal lobe structures important for memory (e.g., hip-
pocampus, entorhinal cortex) and to the association corti-
ces of the frontal, temporal, and parietal lobes (Braak &

Braak, 1998; Brun & England, 1981; Terry & Katzman,
1983). HD, in contrast, is characterized by marked motor
disturbance (i.e., choreiform movements), bradyphrenia,
prominent executive dysfunction, moderate concentration
and memory deficits, and visuospatial impairments (Brandt
& Butters, 1986; Butters et al., 1978; Salmon et al., 2001a).
The cognitive and motor deficits of HD are mediated by the
extensive basal ganglia damage, particularly to the caudate
nucleus and putamen, that occurs in the disease (Alexander
et al., 1986; Bruyn et al., 1979; Vonsattel et al., 1985) and
the attendant interruption of several anatomically and func-
tionally distinct circuits that link these subcortical struc-
tures with the frontal cortex (for review, see Middleton &
Strick, 2001).

Although differences and similarities in the memory, lan-
guage, and executive function deficits associated with AD
and HD have been well documented (for review, see Salmon
et al., 2001b), the nature of the visuospatial dysfunction
that occurs in the two disorders has received relatively little
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attention. Understanding the visuospatial deficits that result
from these diseases is important, as visuospatial abilities
are associated with functional competence in both normally
aging (North & Ulatowska, 1981) and demented older adults
(Henderson et al., 1989; Hill et al., 1995). Evidence also
suggests that performance on visuospatial measures may be
useful in the early detection of the dementia associated with
HD (Josiassen et al., 1983) and may differentiate mild from
moderate dementia in AD (Backman, 1993; Herlitz et al.,
1995; Hill et al., 1992).

When comparing AD to HD patients, studies have shown
qualitative differences in the disorders’ effects on tests of
constructional apraxia such as the Clock Drawing Test (Rou-
leau et al., 1992), but have not focused specifically on the
visuospatial aspects of these tasks. In one of the few studies
that directly compared the performances of patients with
AD or HD on a comprehensive battery of visuospatial tests,
Brouwers and colleagues (1984) found that patients with
AD, but not those with HD, were impaired relative to con-
trol subjects on tests of visuoconstructional ability (i.e., copy-
ing a complex figure) and visuospatial learning. In contrast,
patients with HD, but not those with AD, were impaired on
a test of directional orientation.

These few studies suggest that distinct visuospatial pro-
cessing deficits are associated with AD and HD. However,
the evidence for this distinction is relatively meager and is
primarily derived from tasks that involve potentially con-
founding factors like episodic memory, the physical manip-
ulation of objects, or decisions regarding directionality. A
visuospatial task that may circumvent many of these issues
is the mental rotation of an object through space. Numerous
studies have shown that the time required to identify or
make a judgement about a figure that is rotated in the pic-
ture plane increases in a direct relationship to the degree of
angular displacement from its upright position (e.g., Coo-
per & Shepard, 1973; Shepard & Metzler, 1971; for review,
see Shepard & Cooper, 1982). Although counter-arguments
have been proposed (Pylyshyn, 1979), this relationship has
generally been taken as evidence that the figure is mentally
rotated by the observer prior to making an identification or
judgement. Because an object can be mentally rotated in
either a clockwise or counter-clockwise direction, mental
rotation speed is indicated by the slope of the function com-
paring reaction time to the absolute displacement between
the orientation of the figure and the upright position. Stud-
ies have also shown that the accuracy of the judgement to
be made about a rotated stimulus decreases with increasing
angular displacement from upright (e.g., Hertzog et al.,
1993), presumably because of the increasing difficulty of
the visuospatial rotation. Thus, the task provides a means of
assessing both the ability to mentally rotate an object through
space and the facility with which such mental manipula-
tions can be performed.

Studies of the neural substrates of mental rotation using
patients with circumscribed brain lesions (Butters & Bar-
ton, 1970; Butters et al., 1970, 1972; Ratcliff, 1979) or
functional neuroimaging techniques with normal individu-

als (Alivisatos & Petrides, 1997; Cohen et al., 1996; Harris
et al., 2000; Mentis et al., 1996; Wendt & Risberg, 1994;
Wilson et al., 1994) have consistently shown that parietal
cortex is critically involved in the performance of mental
rotation tasks. These findings support the notion that men-
tal rotation engages the parietal and superior temporal lobe
cortical regions of the dorsal visual processing stream
(Ungerleider & Mishkin, 1982) that are essential for encod-
ing the spatial position of stimuli (Cohen et al., 1996; Haxby
et al., 1994), determining if two geometric figures are the
same or different when they are presented in an upright
orientation (Lagreze et al., 1993; Pierret et al., 1994), and
perceiving motion (Livingstone & Hubel, 1988). Conse-
quently, mental rotation tasks should provide a means of
assessing the impact of damage to these brain structures on
visuospatial processing while minimizing non-visual cog-
nitive demands.

Given the distinct neurodegenerative changes that occur
in AD and HD, these two disorders may differentially impact
performance on a mental rotation task. The extensive dam-
age to parietal and temporal lobe association cortices that
occurs in AD may result in an impaired ability to accurately
perform the imagined spatial manipulation necessary for
mental rotation, even though the speed of mental manipu-
lation may not be severely affected. In contrast, the relative
lack of damage to these cortical areas in HD may allow the
imagined spatial rotation to proceed accurately, but the
fronto–striatal dysfunction that occurs in the disease may
result in a bradyphrenia (i.e., slowed thought) that reduces
mental rotation speed. If this is the case, a double dissoci-
ation may emerge in which accuracy, but not speed, of men-
tal rotation is diminished in patients with AD, whereas speed,
but not accuracy, of mental rotation is diminished in patients
with HD. To address this possibility, the present study com-
pared the performances of patients with AD or HD on a
task that required them to mentally rotate an object prior to
making a simple spatial decision about the object as it would
appear in the upright position. Because mental rotation abil-
ity may be affected by age (Dollinger, 1995; Dror & Koss-
lyn, 1994; Hertzog & Rypma, 1991; Hertzog et al., 1993;
Puglisi & Morrell, 1986), and AD and HD differ in the
usual age of disease onset, each group’s performance was
compared to that of an age-appropriate normal control group.

METHODS

Research Participants

Before recruiting or enrolling participants, the procedures
of this study were reviewed and approved by the Institu-
tional Review Boards at the University of California, San
Diego (UCSD), San Diego State University, and the San
Diego Veterans Affairs Medical Center (VAMC). Seventy-
six individuals participated in this study: 18 patients with
AD, 18 patients with HD, 20 older normal control (ONC)
participants, and 20 younger normal control (YNC) partici-
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pants. Written informed consent was obtained from all par-
ticipants after the procedures of the study had been fully
explained to them. The patients with AD were recruited
from the UCSD Alzheimer’s Disease Research Center
(ADRC) where a diagnosis of probable AD was made by a
senior staff neurologist according to NINCDS-ADRDA cri-
teria (McKhann et al., 1984). Patients with HD were recruited
from the UCSD Huntington’s Disease Research Group and
were diagnosed by a senior staff neurologist based on a
positive family history of the disease, the presence of invol-
untary choreiform movements, and the presence of demen-
tia. The ONC and YNC participants were volunteers recruited
from ongoing studies at the UCSD ADRC or the San Diego
VAMC. Individuals with a positive history of alcoholism,
drug abuse, learning disability, or severe neurologic or psy-
chiatric illness were excluded. All participants were screened
for visual impairments prior to their participation. Any par-
ticipant who was unable to demonstrate the equivalent of
20050 visual acuity (with eyeglasses when appropriate) on
a near chart screening test at the time of assessment was
excluded.

Demographic characteristics of the patient and control
groups are presented in Table 1. The AD patients did not
differ significantly from the ONC group in age, education,
or gender distribution. Similarly, the HD patients did not
differ significantly from the YNC group on these same fac-
tors. The AD and HD patient groups were not significantly
different in education or gender distribution, but—as
expected given the differing usual age of onset associated
with the two disorders—the AD patients were significantly
older than the patients with HD. Both patient groups per-
formed significantly lower than their respective control group
on the Mattis Dementia Rating Scale (DRS; Mattis, 1988).
In addition, the patients with AD scored significantly lower
on the DRS than the patients with HD.

Materials and Procedures

The Mental Rotation Test and a battery of tests designed to
assess basic visuospatial functions were administered to each

participant individually in a quiet, well-lit room. The test-
ing session lasted approximately 2 hr. The Mental Rotation
Test was always administered near the beginning of the
session to avoid effects of fatigue, and frequent rest breaks
were allowed as needed between tests.

Basic visuospatial test battery

The test of apraxia required performance of 20 gestures
that assessed each of the following four domains: upper
limb apraxia, facial apraxia, instrumental action apraxia,
and complex serial act pantomime. Each correctly com-
pleted gesture was awarded 3 points if to command, 2 points
following a demonstration by the examiner, and 1 point if
performed with the actual object. The Right–Left Orienta-
tion Test (Benton et al., 1983) required participants to iden-
tify lateralized body parts on their own bodies. Four items
simply required correct identification of a body part (e.g.,
“Show me your left hand”), while eight items specified
which hand the participant had to use to make the identifi-
cation (e.g., “Touch your left ear with your right hand”).
The Figure Matching Test used the five geometric figures
from the Visual Reproduction subtest (VR) of the Wechsler
Memory Scale–Revised (Wechsler, 1987) and required par-
ticipants to identify the target figure (presented on a card)
from among three similar foils. The Judgment of Line Ori-
entation test was administered according to standardized
instructions (Benton et al., 1983). However, only the 15
odd-numbered items were presented to reduce administra-
tion time.

Mental rotation test (Uecker & Obrzut, 1993)

This simple computer-based task, created for use with chil-
dren, required the mental rotation of a two-dimensional stick
figure person presented on the computer screen. Individual
stick figures, with a blackened circle (a “ball”) covering
one hand, were presented rotated in various orientations
from upright (see Figure 1). The participant was asked to
mentally rotate the figure into the upright position and then
to indicate which side of the stick figure the “ball” was on

Table 1. Demographic characteristics and Mattis Dementia Rating Scale (DRS) scores of
the Alzheimer’s disease and Huntington’s disease patient groups and their respective
age-matched control groups

Characteristic

Older normal
control group

N 5 20

Alzheimer’s
disease patients

N 5 18

Young normal
control group

N 5 20

Huntington’s
disease patients

N 5 18

Age** 76.60 (4.42)a 75.50 (7.02)a 43.55 (9.20)b 42.39 (8.54)b

Education 15.30 (2.98) 14.50 (3.67) 14.45 (2.04) 13.89 (2.37)
Gender 8 M012 F 9 M 09 F 11 M 09 F 10 M08 F
DRS Total** 141.05 (2.84)a 121.28 (7.21)b 141.25 (1.77)a 130.56 (8.50)c

Note.Different superscripts denote means that differ significantly at thep , .05 level in follow-up
comparisons using Tukey’s test.
** p , .01.
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by pressing the shift key on the side of the computer key-
board that corresponded to the location of the blackened
circle. Thus, he did not have to verbally identify the side of
the target, distinguish the stick figure’s left from right, or
determine whether the ball was on the left or right. He only
had to match his response to the side of the target ball
relative to the upright stick figure.

Prior to beginning the test, five paper-and-pencil practice
trials and six practice trials with computer generated stim-
uli were administered to assure that participants were mak-
ing correct rotations in the picture plane. Following the
practice items, a total of 160 test trials were administered.
The stick figure was presented in an upright position (08)
on 20 trials, completely inverted (1808) on 20 trials, and at
each of three intermediate orientations (458, 908, and 1358
from vertical in either a clockwise or counter-clockwise
direction) on 40 trials. The order of presentation of the var-
ious trials was randomized for each participant.

The mental rotation task was presented on a personal
computer (AST 486 with standard AST keyboard) using the
DMASTR software developed by K.I. Forster and J.C. For-
ster at Monash University and the University of Arizona.
The participant was seated approximately 24 inches (60 cm)
from a 14-inch (36 cm) Goldmaster color monitor in a posi-
tion that allowed a comfortable reach to the computer key-
board with either hand. The stick figure stimuli were
approximately 15 cm in height as viewed on the computer
monitor. The experimenter sat next to the participant to
monitor his progress and initiate each trial by pressing the
space bar on the computer keyboard.

Each trial began with the presentation of a centralized
alerting stimulus, followed by presentation of the target
stimulus just to the right or left of center (50% on each
side in a random order). The lateralized presentation of
stimuli was an inherent component of the mental rotation
task developed by Uecker and Obrzut (1993) and was not
a specific aspect of the design of the present study. This
task was selected for use because it provided a level of
difficulty that appeared appropriate for the AD and HD
patients. Because tachistoscopic presentation of stimuli was
not utilized, hemifield effects were not appropriate for analy-
sis and will not be addressed further. To reduce memory
demands, the stimulus remained on the screen until the
participant registered a response (or time expired). The
accuracy of the participant’s response and the reaction time
on each trial were recorded. The hardware and software
utilized allowed reaction times to be registered with milli-
second accuracy. Reaction times less than 200 ms were
considered anticipatory and were disregarded. Correct
responses were followed by the word “CORRECT” and
the reaction time in milliseconds. Incorrect responses were
followed by the word “INCORRECT” without notation of
reaction time. If a response did not occur within four sec-
onds, the figure was removed, the word “INCORRECT”
was presented, and the trial was terminated.

Statistical Analyses

The percentage of correct responses achieved at each angle
of orientation was calculated for each participant. Median
reaction times (RT) for correct trials at each angle of ori-
entation were also calculated. Trials with no response within
4 s were considered uninformative and were not included in
the calculation of accuracy or RT. Overall, 12% of all trials
were eliminated from the RT analyses because they either
were answered incorrectly or a response did not occur within
the allotted time. On average, 6% of YNC, 5% of ONC,
18% of HD, and 19% of AD trials were excluded from RT
analyses.

Omnibus repeated-measures multivariate analyses of vari-
ance (MANOVA) were utilized to compare the patterns of
accuracy and RT across angle of orientation produced by
AD patients, HD patients, and control participants. In addi-
tion, the specific hypotheses of the study were tested with
planned comparisons between each patient group and their
respective control group using similar repeated-measures
MANOVA. As recommended by Maxwell and Delaney
(1990), a multivariate approach to repeated-measures analy-
sis of variance was used in order to protect against viola-
tions of the assumption of sphericity (i.e., the assumption
of homogeneity of treatment-difference variances). This
allowed statistical significance to be determined using mea-
sures that are relatively insensitive to violations of the sphe-
ricity assumption, namely the approximation toF and the
Wilks’s Lambda statistic (see Hertzog & Rovine, 1985; or
Maxwell & Delaney, 1990).

Fig. 1. Example stick figures from the mental rotation test pre-
sented at (A) 08 (correct answer:left), (B) 908 (correct answer:
right), (C) 1808 (correct answer:right), and (D) 1358 (correct
answer:left) from vertical.
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RESULTS

Basic Visuospatial Abilities

The mean scores achieved on each of the basic visuo-
spatial tests are shown for the patient and control groups in
Table 2. Ceiling effects were observed on both the apraxia
test and the Right–Left Orientation Test, and no signifi-
cant group differences emerged on these measures. Each
patient group performed significantly worse than their
respective control group on the Figure Matching test and
the Judgment of Line Orientation test, but the AD and
HD patient groups did not differ significantly from each
other on these measures. Thus, differences observed be-
tween patient groups on the mental rotation test cannot be
attributed to group differences in formulation of motor
responses, right–left confusion, or basic visuoperceptual
skills.

Speed of Mental Rotation

Average median RT is presented as a function of angle of
orientation in the upper panels of Figure 2. These functions
are shown separately for AD patients and their age-matched
control group (upper left panel) and for HD patients and
their age-matched control group (upper right panel). In keep-
ing with other studies in the mental rotation literature (see,
e.g., Bethel-Fox & Shepard, 1988; Shepard & Metzler, 1971),
data were collapsed across angles that required the same
amount of rotation regardless of whether it was in a clock-
wise or a counter-clockwise direction. In a preliminary
analysis, no differences were observed for clockwise and
counter-clockwise directions (data not shown). All groups
demonstrated a pattern of RT similar to those described in
previous studies of mental rotation (e.g., Shepard & Metz-
ler, 1971; Uecker & Obrzut, 1993). Specifically, RT mono-
tonically increased as the angle of orientation increased from
08 to 1808.

A 5 (angle of orientation: 08, 458, 908, 1358, 1808) 3 4
(group: YNC, HD, ONC, AD) repeated-measures MANOVA
for median RT revealed significant main effects of angle
@F~4,69! 5 101.81,p , .001] and group@F~3,72! 5 13.84,
p , .001], and a significant angle3 group interaction
@F~12,182.85! 5 2.06,p , .05]. Planned comparisons con-
trasting each patient group with its respective control group
were completed to directly assess how the RT of patients
compared to those of neurologically intact individuals of
similar age and educational background. When the RT of
AD patients were compared to those of ONC participants,
the main effects of angle@F~4,33! 5 49.84,p , .001] and
group @F~1,36! 5 10.37,p , .01] were significant. How-
ever, the angle3 group interaction effect was not signifi-
cant@F~4,33!5 .56,p. .05]. These results indicate thatAD
patients were generally slower to respond than their control
group and that RT increased for both groups as greater men-
tal rotation was required. However, the magnitude of the
increase in RTacross increasing angle of orientation was sim-
ilar for the twogroups, indicatingsimilarmental rotationspeed
in the two groups. Indeed, the groups did not differ signifi-
cantly in the average time needed to rotate the figure through
each degree of orientation: 3.83 ms (SD5 1.93) for ONC
subjects and 4.19 ms (SD51.86) for AD patients.

A similar analysis comparing the HD patients to their
control group yielded significant main effects of angle
@F~4,33! 5 68.74,p , .001] and group@F~1,36! 5 25.09,
p , .001], as well as a significant angle3 group interaction
effect @F~4,33! 5 7.03,p , .001]. Thus, the HD patients
were generally slower to respond than the YNC partici-
pants, and both groups demonstrated increasing response
latencies as angle of orientation increased. However, the
magnitude of the increase in RT with increasing angle of
orientation was greater in HD patients than in their control
group, reflecting slower mental rotation speed for HD
patients,M 5 3.64 ms (SD5 2.44) per degree of orienta-
tion, than for the YNC group,M 5 2.48 ms (SD51.06) per
degree of orientation.

Table 2. Mean scores achieved on the Apraxia Test, Right-Left Orientation Test (RLOT),
Visual Reproduction (VR) Matching Test, and Judgement of Line Orientation (JOLO)
Test by patients with Alzheimer’s disease or Huntington’s disease and their respective
age-matched control groups

Test

Older normal
control group

N 5 20

Alzheimer’s
disease patients

N 5 18

Young normal
control group

N 5 20

Huntington’s
disease patients

N 5 18

Apraxia Test 60.00 (.00) 59.94 (.24) 59.95 (.22) 59.89 (.32)
RLOT 12.00 (.00) 11.67 (.97) 11.90 (.31) 11.61 (.78)
VR Matching** 4.60 (.50)a 4.06 (.87)b 4.65 (.67)a 3.78 (.94)b

JOLO** 12.75 (1.89)a 10.33 (2.57)b 13.25 (2.49)a 9.76 (3.42)b

Note.One patient in the Huntington’s disease group did not complete the Judgment of Line Orientation
test. Different superscripts denote means that differ significantly at thep , .05 level in follow-up
comparisons using Tukey’s test.
** p , .01.
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Accuracy of Mental Rotation

The average percentage of correct responses achieved by
each group is shown as a function of angle of orientation in
the lower panels of Figure 2. A 5 (angle of orientation)3 4
(group) repeated-measures MANOVA for the percentage of
correct responses revealed significant main effects of angle
@F~4,69! 5 20.46,p , .001] and group@F~3,72! 5 7.92,
p , .001]. The angle3 group interaction approached sta-
tistical significance@F~12,182.85! 5 1.63,p 5 .087].

Planned comparisons of the accuracy of AD patients and
ONC participants revealed significant main effects of angle
@F~4,33! 5 9.23,p , .001] and group@F~1,36! 5 11.55,
p , .01] , and a significant angle3 group interaction
@F~4,33! 5 4.80,p , .01]. These results indicate that AD
patients were generally less accurate than the ONC partici-
pants and that the accuracy of both groups declined with
increasing angle of orientation. In addition, the magnitude
of this decline was greater in the AD patients than in the
ONC participants. Thus, AD patients demonstrated a dis-
proportionate decline in the accuracy of their responses com-

pared to healthy older adults as the demands for spatial
manipulation increased.

A planned comparison of the accuracy of HD patients
and their control group revealed significant main effects of
angle@F~4,33! 5 11.69,p , .001] and group@F~1,36! 5
12.36,p , .01], but no significant angle3 group inter-
action@F~4,33! 5 0.50,p . .05]. Thus, HD patients were
generally less accurate than their control group, and the
accuracy of both groups declined to a similar degree as the
angle of orientation increased. The response accuracy of
HD patients was not differentially impacted by the increas-
ing spatial demands of the mental rotation task.

Relationship Between Speed and Accuracy

The differential effects of AD and HD on mental rotation
performance could be caused by distinct speed0accuracy
trade-off propensities. HD patients may have slowed their
speed of mental rotation in order to maximize accuracy,
whereas AD patients may have sacrificed accuracy for speed.
If this was the case, anegativecorrelation between speed of

Fig. 2. Median reaction times (upper panels) and percentage of correct responses (lower panels) on the mental rotation
test as a function of degree of orientation from vertical. Patients with Alzheimer’s disease (AD) and older normal
control (ONC) participants are shown in the left panels. Patients with Huntington’s disease (HD) and younger normal
control (YNC) participants are shown in the right panels.
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rotation and accuracy would be expected in each group
(i.e., faster responders should be less accurate than slower
responders; Berg et al., 1982, Cerella et al., 1981). To inves-
tigate this possibility, the correlations between speed of men-
tal rotation (i.e., ms per degree of orientation) and percent
correct were calculated separately for AD and HD patients.
Pearson product-moment correlation coefficients werepos-
itive for both AD patients (r 5 .133) and HD patients (r 5
.308). Although neither correlation reached statistical sig-
nificance, patients in each group who responded quickly
were generallymore accurate than those who responded
slowly. Further evidence against a differential speed0
accuracy tradeoff in the two groups is demonstrated by the
comparable overall accuracy achieved by the AD (M 5
81% correct) and HD (M 5 82% correct) patients.

DISCUSSION

The results of the present study demonstrate that the ability
to perform mental rotation is differentially affected in patients
with AD and patients with HD. Compared to their age-
matched control group, the speed, but not the accuracy, of
mental rotation abnormally decreased with increasing angle
of orientation for patients with HD. Although HD patients
retained the ability to mentally rotate a figure through space,
they suffered a deficit in information processing speed (i.e.,
bradyphrenia) on this visuospatial task that is independent
of motoric slowing. In contrast, the accuracy of patients
with AD abnormally decreased relative to their age-matched
control group as the angle of orientation increased, suggest-
ing that they were impaired in their ability to accurately
mentally rotate the figure through space. This finding is
consistent with previous studies that have demonstrated def-
icits on tasks that required matching a visual stimulus with
its identical rotated counterpart in AD patients (Kurylo et al.,
1996; Mendola et al., 1995). The speed of rotation exhib-
ited by patients with AD on correct trials did not abnor-
mally decrease, however, suggesting that they do not suffer
a significant decrease in visuospatial information process-
ing speed.

The deficits identified in the mental rotation perfor-
mances of AD and HD patients are relative to their respec-
tive normal control group. As is evident from the reaction
time graphs, HD patients were not slower than AD patients
(or ONC participants) in their speed of mental rotation.
Because the emphasis of this study is on the differential
effects of AD and HD on mental rotation, specific analyses
comparing the two control groups to one another were not
summarized. However, clear age differences did emerge in
this study, consistent with the well-documented finding in
the literature that aging is associated with slower speed of
processing and reaction times on many tasks (Cerella, 1985;
Salthouse & Somberg, 1982; Simon & Pouraghabagher,
1978; Strayer et al., 1987), including mental rotation (Doll-
inger, 1995; Dror & Kosslyn, 1994; Hertzog & Rypma,
1991; Hertzog et al., 1993; Puglisi & Morrell, 1986).
Although in absolute terms HD patients were not slower

than AD patients, they performed mental rotation at essen-
tially the same speed as neurologically intact individuals
that, on average, were more than 30 years older, rather than
at the speed expected from individuals their age.

The observed double dissociation in this study is not likely
to be a reflection of different speed0accuracy trade-off pro-
pensities in the two groups as both AD and HD patients
showed a positive correlation between the speed and accu-
racy with which they performed the task. In addition, scat-
terplots graphing speedversusaccuracy in each patient group
failed to reveal any higher-order relationships between these
two factors (results not shown). Finally, a direct compari-
son of the percentage of long-latency errors (those responses
considered errors by virtue of being completed beyond the
allotted time limit) made by ADversusHD patients at each
angle of orientation demonstrated that the two groups were
similar in their pattern of long-latency errors (results not
shown). Thus, the decreasing accuracy, but preserved speed,
of AD patients’ responses cannot be accounted for by a
higher incidence of long-latency errors in this group. The
possibility that speed0accuracy tradeoffs impacted the results
at an individual level cannot be completely ruled out, how-
ever, and individual speed0accuracy operating characteris-
tics (Hertzog et al., 1993; Lohman, 1989; Salthouse &
Somberg, 1982; Wicklegren, 1977) should be examined in
future studies. The presence of a double dissociation also
suggests that the results are not simply a reflection of greater
severity of dementia in the AD patients compared to the HD
patients, and this conclusion is supported by the fact that
the two groups were similarly impaired on basic visuospa-
tial tasks (i.e., Judgement of Line Orientation Test, Fig-
ure Matching Test).

For both patient and control groups the relationship
between the speed of decision about the mentally rotated
figure and the degree of displacement of the actual figure
from upright generally conformed to previous findings with
normal individuals (Bryden et al., 1990; Dror & Kosslyn,
1994; Georgopoulos & Pellizzer, 1995; Hertzog & Rypma,
1991; Puglisi & Morrell, 1986; Shepard & Metzler, 1971;
Uecker & Obrzut, 1993). As in previous studies, the patient
and control groups needed increasing amounts of time to
make decisions as the mental rotation requirements of the
task increased. This relationship was monotonically increas-
ing and relatively linear for patient and control groups,
although the curve tended to flatten at higher angles of
orientation for patients with HD. The nature of the observed
relationships suggests that AD and HD patients were gen-
erally performing the basic mental rotation action despite
being slower and less accurate than control participants.

The non-linearity in the relationship between decision
speed and the larger angles of orientation for HD patients
may reflect particularly slow patients being unable to com-
plete the task within the allotted 4000 ms. Although the
mean response times of the HD group in the 1358 and 1808
conditions were notably below the cut-off (i.e., approxi-
mately 1600 and 1700 ms, respectively), some patients may
not have completed many trials at these angles of orienta-
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tion, artificially lowering the average response time for tri-
als requiring the most rotation. To address this possibility,
analyses were repeated with subsets of participants who
accurately completed at least 80% of items from each angle
of orientation within the allotted time. Reaction times from
all normal control participants were retained in these analy-
ses, whereas 5 HD patients and 3 AD patients had their data
excluded. Despite smaller sample sizes, all previously sig-
nificant results were confirmed. Importantly, the relation-
ship between response time and angle of orientation for this
subsample of HD patients more closely resembled the lin-
ear trends observed in the other groups, yet the speed of
their mental rotation abnormally decreased relative to the
YNC group with increasing angle of orientation (results not
shown).

Although only the HD patients exhibited a steeper than
normal slope for the function relating response time to
increasing displacement of the figure from upright (reflect-
ing a deficit in their speed of visuospatial information pro-
cessing), both AD and HD patients exhibited overall deficits
in response latency that were constant across all conditions
of the mental rotation task (reflecting a more general deficit
in motor response speed). The general response slowing
exhibited by both groups of patients is consistent with pre-
vious studies that have shown abnormally decreased reac-
tion time in patients with AD (Goldman et al., 1999) and
patients with HD (Jahanshahi et al., 1993). Similarly, only
patients with AD exhibited an abnormal decline in accuracy
with increasing displacement of the figure from upright,
but both groups exhibited a general deficit in accuracy on
the mental rotation task. This finding is also consistent with
previous studies that have shown that AD patients (for
review, see Cronin-Golomb &Amick, 2001) and HD patients
(for review, see Brandt & Butters, 1986; Salmon et al.,
2001a) are impaired on a variety of visuospatial tasks.

The double dissociation observed in the present study is
consistent with the hypothesis that the distinct brain regions
affected by AD and HD may differentially contribute to
speed and accuracy of mental rotation. The spatial manip-
ulation necessary for mental rotation has been shown to
engage the dorsal visual processing stream (the visual
“where” system; Cohen et al., 1996; Mentis et al., 1996),
and damage to parietal and temporal lobe association cor-
tices that are part of this system may interrupt AD patients’
ability to accurately perform mental rotation. Studies of
patients with parietal lobe lesions have demonstrated the
importance of this cortical region to completing mental rota-
tion tasks (Butters & Barton, 1970). The essentially normal
mental rotation ability exhibited by HD patients in the present
study is consistent with the relative sparing of parietal and
temporal cortex in that disease (Bruyn et al., 1979; Vonsat-
tel et al., 1997). There may be some disruption of parietal
cortex function in HD, however, due to its connection to
basal ganglia structures (Middleton & Strick, 2001), and
this may account for the visual discrimination deficits that
have been observed in this and previous studies. More exten-
sive damage to parietal and temporal lobe aspects of the

cortical visual processing system important for motion detec-
tion (as occurs in AD) may be necessary to impair mental
rotation.

The damage that occurs to basal ganglia structures and
related fronto–striatal circuits in HD (Alexander et al., 1986;
Middleton & Strick, 2001; Vonsattel et al., 1997) most likely
leads to the bradyphrenia exhibited by these patients on the
mental rotation task. These fronto–striatal circuits have been
implicated in the motoric slowing associated with HD and
may play a similar role with regard to cognitive operations
(Cummings & Benson, 1988). The relative sparing of this
system in patients with AD may account for their ability to
perform mental rotation at a normal speed. In summary,
both AD and HD patients demonstrated deficits on the men-
tal rotation task relative to their control groups, but they
were impaired on different aspects of the test. Although
replication with larger groups of patients is warranted, the
present results support previous studies that show both quan-
titative and qualitative differences in the patterns of visuo-
spatial dysfunction exhibited by patients with AD and HD
(Brouwers et al., 1984; Rouleau et al., 1992).
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