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Abstract

Background: Previous research has shown that individuals with Alzheimer’s disease (AD) develop visuospatial difficulties
that affect their ability to mentally rotate objects. Surprisingly, the existing literature has generally ignored the impact of this
mental rotation deficit on the ability of AD patients to recognize faces from different angles. Instead, the devastating loss of
the ability to recognize friends and family members in AD has primarily been attributed to memory loss and agnosia in later
stages of the disorder. The impact of AD on areas of the brain important for mental rotation should not be overlooked by
face processing investigations — even in early stages of the disorder.

Methodology/Principal Findings: This study investigated the sensitivity of face processing in AD, young controls and older
non-neurological controls to two changes of the stimuli - a rotation in depth and an inversion. The control groups showed a
systematic effect of depth rotation, with errors increasing with the angle of rotation, and with inversion. The majority of the
AD group was not impaired when faces were presented upright and no transformation in depth was required, and were
most accurate when all faces were presented in frontal views, but accuracy was severely impaired with any rotation or
inversion.

Conclusions/Significance: These results suggest that with the onset of AD, mental rotation difficulties arise that affect the
ability to recognize faces presented at different angles. The finding that a frontal view is “preferred” by these patients
provides a valuable communication strategy for health care workers.
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Introduction

Imagine trying to find a familiar face as you walk into a crowded
party. As you scan the room, you recognize your friend fairly easily
even though she may not be looking directly at you. When you
finally make your way towards her and engage in a conversation,
she may turn away for a second. Even though the act of your
friend turning results in different retinal input, you are not led to
believe that you are now speaking to a different person. Similarly,
at this same party, you may put your glass down on a table, and
despite looking at it from a different angle when you pick it up, you
still recognize it as your glass. This success in recognizing people
and objects from different viewpoints relies on robust image
representations that are resilient to large changes in retinal inputs.
How one derives these invariant representations is one of the
crucial questions in vision science. Despite the large amount of
research in this field, the question of whether or not the strength of
these representations changes during our lifetime, or is affected by
neurodegenerative disorders like Alzheimer’s disease (AD), has
been largely unstudied.

Previous research has shown that even though we are able to
recognize objects and faces from different vantage points, it is not
done without cost. Viewpoint-dependent theories of recognition
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suggest that the viewer must mentally rotate the image to a
canonical orientation and the further the presentation angle is
from this canonical view, the more recognition times and errors
increase [1-5]. For face recognition, there is strong evidence that a
three-quarter view is the canonical view, as it produces the fastest
and most accurate responses [6-9]. However it should be noted
that the three-quarter view advantage is still being debated, as
some have found that a frontal view of a face can show the greatest
advantage [10].

In addition to rotations in depth, planar transformations have
also been shown to have significant effects on face recognition. Yin
(1969) [11] was the first to find that faces were more difficult to
recognize when they were inverted, the inversion effect, leading
him to conclude that faces are not represented in a face-centered
or view-invariant way. Yin also found that face recognition was
disproportionately impaired by stimulus inversion when compared
to recognition of other objects. This result has been replicated
many times and is a standard in the literature [for review, see 12].

The cost of mentally rotating objects appears to be fundamen-
tally affected by aging. Although older viewers consistently show
longer reaction times than younger viewers when mentally rotating
objects and shapes [13-16], it has also been argued that different
strategies may be utilized. While young adults utilize a holistic
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approach when mentally rotating simple shapes, and a piecemeal/
parts-based approach when mentally rotating complex shapes,
older adults use a holistic approach for both tasks. This strategy
may serve to reduce cognitive load with the older adults [16].

In contrast to object rotation, there has been little investigation
of the effects of normal and pathological aging on our ability to
mentally rotate faces. Only recently has the ability to rotate faces
in healthy older individuals been investigated [17]. In a behavioral
study using synthetic face stimuli to measure thresholds for
detecting differences between similar faces, older and younger
adults were not found to differ for faces in identical views but there
was a marked impairment in healthy older individuals making
matches across a 20° rotation from full-face [17]. This exciting
finding highlights the need to extend this research using real
images of faces over longer duration periods. Further, the effect
that pathological disorders like AD have on the ability to mentally
rotate faces has been less studied.

AD is a neurodegenerative disease that progressively destroys a
person’s memory, and his or her ability to learn and reason, make
judgments, communicate, and carry out daily activities. While
memory is often what is affected first, it is typically followed by a
progressive decline of executive functions, language, perception
and visuospatial skills [18,19]. As the disease progresses towards a
more moderate stage, patients may require assistance in everyday
tasks. At this stage, patients may be unable to recall names of
family members, or their addresses — this memory impairment will
continue to worsen as the late stage of the disease begins [20].

A widespread cortical network has been implicated in mental
rotation. Cortical activation areas have been found spanning the
parietal, prefrontal, occipital, and temporal areas [21-24]. Given
that AD is associated with extensive damage to many of these same
areas [25,26], it may not be surprising that many people with AD
have difficulty mentally rotating shapes and objects [27-29]. This
is true despite the fact that, at least in the early to moderate stages
of the disease, they perform as well as healthy elderly controls on
matching tasks that do not require mental rotation [28,29].

An investigation by Murphy, Kohler, Black and Evans (2000)
revealed that AD patients had great difficulty matching identical,
non-symmetrical shapes (called Blake shapes) when they were
presented at different orientations to one another. In fact, research
has shown that as the angular disparity increases between objects,
the AD patients’ performance is more impaired than that of age-
matched controls [27,29]. Furthermore, participants with mild to
moderate AD perform poorly on tasks in which they have to
visually identify objects rotated at various rotation angles, provide
the canonical orientation, and mentally rotate these same objects
[30]. This deficit, called orientation agnosia, can also be seen when
AD patients copy simple pictures - their drawings can be rotated,
sometimes up to 90° or 180°, when compared to the original [31].

What about the ability of individuals with AD to mentally rotate
faces? Is it disproportionately impaired in these individuals?
Traditionally, AD studies of face processing have generally
concentrated on famous face tasks [32] and those that test new
retrieval methods to associate specific faces with names [33].
Although these kinds of studies have revealed that people with AD
are impaired at face recognition tasks, they assume that the
impairment is primarily the result of a memory deficit. More
recently, a study by Lee, Buckley, Gaffan, et al. (2006) revealed
that AD participants in early stage of the disease were not
impaired when required to choose the odd-one-out of four faces,
which could be presented at the same or different angle to the
other 3 faces, but were impaired when scenes were presented this
way. Although mental rotation difficulties with scenes were
observed in this study, the AD participants were not impaired
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when selecting the “odd” rotated face [34]. It is worth noting,
however, that this sample of AD participants was fairly young
(mean age 70.14, S.D.=5.55), and had high MMSE scores
(mean=23.57, S.D. = 3.91), which suggests that these AD patients
may have been in very early stages of the disease. Additionally, AD
patients had an unlimited amount of time to complete the task and
reaction times were not reported in the manuscript. It is quite
possible then that a speed-accuracy trade-off may have occurred,
and with a time-limited face mental rotation task, difficulties with
faces may have been observed.

As a first step in our investigation, we tested the effects of aging
on the ability of young adults and older non-neurological controls
to complete a time-limited face-matching task in which stimuli
could be rotated in depth and/or inverted. We wanted to
determine if aging on its own hampers the ability of individuals to
mentally rotate faces; if orientation affects young and old
participants in the same way and if there was a “preferred” view
of the face in which performance was better for each of the groups.
Following this, the performance of a subgroup of our “oldest”
aged controls was compared to a group of AD patients in order to
determine if individuals with AD are disproportionately impaired
in their ability to mentally rotate a face.

Materials and Methods

Ethics Statement. Procedures involving experiments on
human subjects were done in accord with the ethical standards
of the University of Manitoba’s Research Ethics Board.

Experiment #1 - The effects of aging on face processing

Participants. All participants gave informed, written consent
before beginning the study. Fifteen young adults (7 males, 8
females, mean age =23.0 years old, S.D. =4) were recruited from
an Introduction to Psychology course at the University of
Manitoba and received credit toward a course requirement for
their participation. These individuals were right-handed with
normal or corrected-to-normal vision. Twelve healthy elderly
adults (5 males, 7 females, mean age = 74.9 years old, S.D.=9)
were recruited from the Centre on Aging at the University of
Manitoba. All participants were right-handed, had no known
neurological problems, did not self-report a depression diagnosis,
and had their near visual acuity tested under binocular viewing
conditions (see Table 1). No participants self-reported having
glaucoma or macular degeneration.

Prior to testing on the computerized face-matching task, all
participants over 60 years of age completed two cognitive
screening tools: the Mini Mental State Examination [35], and
the Dementia Rating Scale [36]. On the MMSE, the healthy
elderly group received a mean score of 28.8 (S.D.=2.8), or 1.4
standard deviations above normative data [37], and a DRS mean
score of 140.3 (S.D.=2.2), or 0.8 standard deviations above the
norm [36]. All MMSE and DRS scores were converted into T
scores (M =50, SD = 10). On both measures, all participants in the
healthy elderly group had T scores above the mean of 50, which
indicates that all participants were above normative data (see
Table 1).

Apparatus. The experiment was conducted on a Macintosh
PowerBook G4 computer with subjects making their responses on
a USB keypad. Stimuli were presented on a 15.4-inch color
monitor, positioned approximately 50 cm from the participant,
using PsyScope experimental software version 1.2.1 [38]. The
stimuli consisted of colour pictures of male and female faces
obtained from the Max-Planck Face Database, which contains
three—dimensional (3D) models of real faces. Three presentation
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angles around a vertical axis were selected for the experiments:
frontal (F), right three-quarter (1), and right profile (P) (see
Figure 1) [8]. The face database was provided by the Max-Planck
Institute for Biological Cybernetics in Tuebingen, German. The
faces were collected as 3D models and colour maps using a
CyberwareTM 3D laser-scanner. Hair was trimmed from the
images, leaving the face area alone [39]. Each face was positioned
on a black square background (7.5 cmx7.5 cm). A total of 97 faces
were used from the database to produce the experimental trials.

Three stimulus faces were presented on each trial. A target face
appeared 16.5 cm from the left side of the screen, and 5.5 cm
from the top of the screen. Below this face, two choice faces
appeared; one was presented on the lower left side of the screen
(9.5 cm from left, 16 cm from top), and the other was presented on
the lower right side of the screen (22.5 cm from left, 16 cm from
top). All three stimuli appeared at once on a gray background. In
one set of trials, all stimuli (target and choices) were presented
upright; in the other set of trials, all stimuli were inverted.
Although the rotation angle of the target face could differ from the
rotation angle of the choice faces by 0°, 45°, or 90°, the two choice
faces were always rotated to the same presentation angle within a
trial (see Figure 1). This resulted in a total of nine possible
target Xchoice face combinations. In three of the combinations
(FF, T'T, PP) the rotation angle of the target and choice faces did
not differ (0°). In four of the combinations the rotation angle
between target and choice faces differed by 45° (FT, TF, TP, PT).
In two of the combinations, the rotation angle between the target
and choice faces differed by 90° (FP, and PF). Participants were
presented with 4 blocks (2 blocks of upright, and 2 blocks of
inverted trials), consisting of 72 trials each, which were
counterbalanced across all subjects.

Design and procedure. Lach trial began with a fixation
cross appearing on the computer screen for 250 ms, followed by
the three faces (one on top and two on the bottom). Participants
were instructed that their task was to determine which of the two
bottom choice faces (left or right) was the same as the top (target)
face, regardless of how the pictures were rotated. The stimuli
appeared on the screen until a participant made a response or a
10 s time limit had passed, at which point the faces were replaced
by a gray screen. After a response had been logged, the
experimenter initiated the next trial. The 10 s time limit was
chosen because in a pilot study comparing a young and older non-
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Table 1. Information on age, education, MMSE, DRS, and visual acuity scores for the older control group.

Education MMSE MMSE
Subject Age (years) (raw score) (T-score) DRS (raw score) DRS (T-score) Visual acuity Cataracts
1 63 18 30 57.7 142 59.5 20/30 No
2 75 21 29 56.3 140 56.0 20/30 Yes (right)
3 86 12 29 65.0 138 56.0 20/20 No
4 73 12 30 68.8 144 66.0 20/20 No
5 78 10 29 63.3 140 56.0 20/30 No
6 68 10 30 64.3 139 50.0 20/20 No
7 64 21 30 57.7 141 56.0 20/20 No
8 84 12 29 67.4 138 56.0 20/25 Yes (both)
9 81 11 30 7.7 137 52.0 20/20 No
10 62 12 29 55.9 143 62.5 20/25 No
11 78 9 30 70.0 140 56.0 20/25 Yes (both)
12 87 9 29 65.0 142 66.0 20/30 No
doi:10.1371/journal.pone.0006120.t001

neurological control group, the exposure time for the faces was
unlimited and participants in the older group often took an
exceedingly long time to respond, without a noticeable benefit in
accuracy.

All participants were told to make their responses as quickly, but
as accurately as possible. Any responses made after the 10 s time
limit, at which point the faces disappeared, were coded as
incorrect in order to avoid a reliance on memory. This resulted in
0.53% of the trials for the young participants, and 2.83% of trials
for the healthy elderly participants, being coded as incorrect on
these grounds.

Analysis. Since there were nine possible targetxchoice face
combinations, with three of the combinations (FF, TT, PP) the
rotation angle differing by 0°, four of the combinations (FT, TF,
TP, PT) differing by 45°, and two of the combinations (FP, PF)
differing by 90°, the number of trials was not standard across the
different levels of angular disparity. Therefore, the mean
percentage of trials that were answered correctly was computed
at each level of this variable, for both upright and inverted
displays. These mean values were entered into a 2x2x3 [group
(older and younger)xplanar orientation (upright and
inverted) xangular disparity between target and choice face (0°,
45°, 90°)] repeated measures analysis of variance (ANOVA). For
all post-hoc comparisons, an alpha level of.05 was adjusted for
multiple comparisons using a Bonferroni correction.

Experiment #2 - The effects of Alzheimer’s disease on
Face Processing

Participants. Nine right-handed participants who were
diagnosed with AD by a qualified medical professional (7 males, 2
females, mean age =85.9, S.D. =4.9, mean education = 11.7 years,
S.D. =2.7) were recruited from the Alzheimer Society of Manitoba
and from personal care homes in Winnipeg, MB. On the MMSE,
this AD group received a mean score of 18.3 (S.D.=4.5), or —4.8
standard deviations below normative data [37], and a mean score of
95.8 (S.D.=13.2) on the DRS, or —2.4 standard deviations below
the norm [36] (see Table 2 and Table S1).

Because our AD group was significantly older than the full
sample of older individuals who participated in Experiment 1,
their performance was compared to the subset of healthy controls
who were age 78 or over (the age of our youngest AD participant).
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Figure 1. Sample of stimuli used (from Max-Planck Face Database) inverted and rotated in depth around the vertical axis.

doi:10.1371/journal.pone.0006120.g001

This was deemed necessary, as within the full sample of elderly
participants there was a significant negative correlation between
age and overall accuracy [r=—0.63, p<<0.05]. This subgroup,
hereafter referred to as the “oldest-old” comparison group,
consisted of 1 male and 5 females, with a mean age of 82.3 years
(SD =3.9), and a mean of 10.5 years of education (SD =1.4). An

independent samples t-test revealed that the oldest-old control
group and the AD group were matched on age [f;3=—1.49,
£>0.05], and education [#;3 = —0.68, p>0.05].

Design and procedure. The face-matching task of Experiment
2 generally replicated the design and procedure of Experiment 1. The
exception was that all but two of the AD participants (Cases 3 and 4)
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Table 2. Information on age, education, MMSE, DRS, and visual acuity scores for the AD group.

MMSE MMSE DRS
Subject Age Education (years) (raw score) (T-score) (raw score) DRS (T-score) Visual acuity Cataracts
1 78 11 15 —30 86 24 20/30 Yes (both)
2 81 16 22 —5.6 110 28 20/50 Yes (both)
3 80 8 17 79 78 24 20/30 No
4 87 12 23 35 93 24 20/30 Yes (both)
5 91 10 18 10 90 24 20/50 Yes (both)
6 920 16 22 1.5 106 28 20/25 No
7 90 10 23 35 111 30.5 20/50 Yes (both)
8 88 10 10 -30 80 24 20/70 Yes (both)
9 88 12 15 =5 108 28 20/25 No
doi:10.1371/journal.pone.0006120.t002
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indicated their responses by pointing to the choice face that they felt
matched the target face on the screen, rather than entering their
responses on the computer keyboard directly. This was done due to
motor difficulties using the USB keypad. Once a choice was made,
the experimenter entered the response. As in Experiment 1, responses
made after the 10 s limit were coded as incorrect; 22.19% of AD
participants’ responses were coded as incorrect by this criterion.
Although we coded responses made after 10 seconds as incorrect,
analysis revealed that of these “incorrect” responses, 55.43% of those
responses would be correct, with an average response time of 13.04
seconds. From the responses given after the 10 s time limit — 36% of
that data required a 45° rotation, 45% required a 90° rotation, while
only 19% required no transformation in depth. Since the
experimenter responded for most of the AD patients, we felt an
analysis of reaction times would not be meaningful. However,
reaction times are presented in Table S2 for those interested.

Analysis. Most AD participants were only able to
comfortably complete two blocks of trials (one upright and one
inverted). This meant that, often, the oldest-old participants had
completed twice as many trials as the AD participants. To
compensate for this, in the analyses described below the scores
obtained by the AD group were compared to the scores obtained
by the oldest-old participants’ performance on the first two blocks
of trials only (n= 144 trials, in total).

Results

Experiment #1 - The effects of aging on face processing
The older group
was less accurate than the younger group, regardless of planar
orientation [[{; 95 =13.70, p<<0.001]. Despite this, both groups
exhibited an effect of stimulus inversion, producing more errors

when faces were inverted [F(; 95 =36.15, p<<0.001]. This effect,

Effects of inversion on face recognition.

Mental Rotation Alzheimer’s

however, was more pronounced in the older participants [planar
orientation Xgroup, I} 95=5.91, $<<0.05] (see Figure 2).

Effects of Increasing Angular Disparity between Target
and Choice Faces. As the angular disparity between the target
and choice face increased, participants both showed a systematic
decrease in accuracy [Fg 50 =47.61, p<<0.001]. The most accurate
responses occurred when no transformation in depth was required
(0°), more errors were produced during a 45° rotation, and the
most errors were generated when a 90° rotation was required. No
interaction was present between rotation angle and group
[F‘(Q’f)()) =0. 14“, [7>OO5] .

Is there a ‘“‘better’’ view?. The mean percent correct for
each combination of target and choice faces, in each orientation,
were submitted to a 2x2x3 X3 [group Xplanar orientation xtarget
face (frontal, three-quarter, profile)xchoice face (frontal, three-
quarter, profile)] repeated measures ANOVA. A significant
interaction between the target face and choice faces was
observed  [F4,100)=31.80, $<0.001], and follow-up tests
confirmed that the most accurate responses occurred when all
faces were presented in the three-quarter view. A significant
interaction between planar orientation and target face was also
found [Fig 50 =5.00, p<<0.01]. Follow-up tests on this interaction
showed that, while inverting the faces did not impair accuracy for
profile views, accuracy was significantly impaired for frontal and
three-quarter views (see Figure 3). There were no significant main
effects or interactions involving Group.

Experiment #2 - The effects of Alzheimer’s disease on
Face Processing

Face matching task. When faces were upright and required
no transformation in depth (0°), the majority of AD participants
performed within the 95% CI of the oldest-old controls (see
Figure 4A, 4B represents inverted faces). However, three participants

O Young
@ Old
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90
80

HH
HH

R

HH

70
60
50
40

Percent Correct (%)

30
20

Upright Inverted

Figure 2. Accuracy under both upright and inverted conditions for both the younger and older viewers (errors bars: SEM’s).

doi:10.1371/journal.pone.0006120.g002
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Figure 3. The effects of target face views for both upright and inverted orientation conditions in frontal, three-quarter, and profile
views, on older and young adults’ ability to match faces (error bars: SEM’s).

doi:10.1371/journal.pone.0006120.9003

(1, 6, and 8) were below chance levels in this simple matching
condition, which suggests that either they did not understand the
task, or that they have a basic perceptual problem that affects their
ability to discriminate between faces. For these reasons, they were
excluded from subsequent analyses. Group comparisons confirmed
that the six remaining AD participants continued to be matched in
age and education with the six oldest-old controls.

Effects of Inversion and Rotation Angle. The AD
participants were significantly less accurate than the oldest-old
control group [£{;,10)=5.95, p<<0.05]. Both groups exhibited the
inversion effect, producing more errors when faces were inverted
compared to when upright [/ 10)=30.51, p<<0.001]. However, a
significant three-way interaction was observed between planar
orientation, rotation angle, and group [F o0 = 3.92, p<<0.05]. In
the oldest-old control group, while inverting a face did not impair
accuracy for a 0° or a 45° difference, accuracy was significantly
impaired when faces were presented at a 90° difference (see
Figure 5A). In contrast, for the six AD participants, inverting a face
significantly impaired accuracy even in the 0° condition (see
Figure 5B). Performance was equally poor with upright and inverted
faces when the target and choice faces differed by either 45° or 90°.

What ‘“‘view’> works best for AD patients?. The mean
percent correct was computed for each combination of target and
choice faces, in each orientation. For both groups, a significant
interaction between target and choice face was found
[Fl4.40)=10.40, p<0.001], with the most accurate responses
occurring when all faces were presented in frontal views. A
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significant interaction between choice face angle and group was
found [Fg00)=5.92, p<<0.01]. While for the oldest-old controls,
accuracy was not affected by the orientation of the choice faces,
the AD group performed significantly better when choice faces
were presented in the frontal view (see Figure 6).

For all nine participants in the AD group,
Pearson’s bivariate correlations were computed between overall
accuracy on the face mental rotation task, the visual acuity scores,
and T scores for both the MMSE and the DRS. No significant
correlations were found between overall accuracy and visual acuity
[r=—0.25, p=0.52], between T scores on the DRS and overall
accuracy [r=0.04, p=0.93], or between T scores on the MMSE
and overall accuracy [r=0.43, p=0.25].

Since the AD participants did poorly with any mental rotation,
or inversion, and therefore this could be a reason why no
correlations were observed, the same correlations as above were
computed with the exception of correlating performance on the
upright 0° condition with all specified scales. Once again, no
significant correlations were found between accuracy and visual
acuity [r=—0.19, p=0.62], and between T scores on the DRS
and accuracy [r=0.01, p=0.80], between T scores on the MMSE
and accuracy [r=0.27, p=0.48].

For the six AD participants that completed the face-matching
task, no significant correlations were found between accuracy and
visual acuity [r=0.21, p=0.69], between T scores on the DRS
and accuracy [r=0.26, p=0.63], or between T scores on the
MMSE and accuracy [r=—0.35, p=0.53].

Correlations.
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Figure 4. Comparing the impact of increasing the angular disparity between target and choice face angle (0°, 45°, and 90°) for each
AD participant (number) in both (a) upright and (b) inverted orientation conditions. Hatched regions represent 95% Cls for the oldest-old

control participants (n=6).
doi:10.1371/journal.pone.0006120.9g004

Discussion

The experiments presented here examined the ability of young
adults, older non-neurological controls and patients with Alzhei-
mer’s disease to complete a time-limited face-matching task in
which stimuli could be rotated in depth and/or inverted. We
wanted to determine if aging on its own hampers the ability of

PLoS ONE | www.plosone.org

individuals to mentally rotate faces; if AD patients are dispropor-
tionately impaired; if orientation affects young and old participants
in the same way and if there was a “preferred” view of the face in
which performance was better for each of the groups.

Normal Aging. Even though healthy older controls were less
accurate on the face-matching task than young adults, both groups
exhibited a systematic effect of rotating a face in depth — as the
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Figure 5. The effects of planar orientation and angular disparity between target and choice face in accuracy for the (A) oldest-old
control participants, and (B) for the six AD participants (error bars: SEM’s).

doi:10.1371/journal.pone.0006120.g005

angular disparity between the target and choice faces increased,
accuracy decreased. This result has extended the recent finding
that healthy older individuals are impaired at making matches
with synthetic faces across a 20° rotation from full-face [17]. Here
we show that this impairment is present even with real 3D images
of faces.

When faces were inverted, the healthy elderly viewers were
significantly more impaired than younger controls. Inverting a face
disrupts the ability to process it holistically [11,12], and triggers the
adoption of a parts-based analysis. It is possible that the older
group had more difficulty switching to a parts-based strategy. This
finding coincides with those of Dror et al. [16], who showed that
when older adults rotated simple and complex images, a holistic

PLoS ONE | www.plosone.org

approach was used for both tasks to reduce cognitive load — a
pattern not seen with younger viewers. Application of a holistic/
configural processing approach may not always serve older viewers
well. In fact, recent research has shown that aging results in an
impairment in the ability to encode configural information during
facial expression recognition [40,41]. Therefore, when examining
age-related changes in holistic processing, it may be very
important to consider the particular task demands.

Alzheimer’s disease. When faces were upright and no
mental rotation was involved, the majority of AD participants
performed within the 95% CI of the oldest-old control
participants. However, participants 1, 6, and 8 performed below
chance levels on this simple matching task. It may be that these
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Figure 6. The impact of choice face orientation on matching accuracy for both the oldest-old control participants, and the six AD

participants (error bars: SEM’s).
doi:10.1371/journal.pone.0006120.g006

individuals did not fully understand the task, or they have a basic
perceptual problem that affects their ability to discriminate
between faces.

For the rest of the AD patients, the fact that they performed
comparably with the oldest-old group when no mental rotation
was required does support previous findings [28,29] and suggests
that their basic face perception abilities were intact. However,
when the target and choice faces differed in orientation or when
the stimuli were inverted, the AD group was severely impaired.
This lack of a systematic effect of orientation suggests that the
underlying difficulties impairing their ability to mentally rotate
objects carries over even to “‘special” stimuli like faces.

Of course, it is also possible that the damage that occurs in
Alzheimer’s disease to areas like the ventral temporal cortex,
which is important in face processing [42,43], may cause these
individuals to rely on processing approaches that do not work well
with changes in viewpoint, or face inversion. In short, a form of
viewpoint-dependency, where any rotation in depth results in a
reduction in accuracy, could be contributing to the AD group’s
difficulty with matching faces presented at different angles. These
results are intriguingly similar to those seen when prosopagnosic
patients are run on the same task [44].

Interestingly, in contrast to the young adults and the younger-
elderly participants, who both showed a three-quarter view
preference, both the oldest-old subgroup and the AD group
performed most accurately with frontal views of the target face. It
may be that as we age, an increased reliance on holistic processing
[16], makes the frontal view more useful for face processing — a
valuable piece of information for anyone with an AD patient in
their care.

Limitations. Even though it is difficult to make strong
conclusions based on the small number of AD patients presented

PLoS ONE | www.plosone.org

in the current investigation, the findings do suggest that it is not
memory alone that contributes to AD patients’ difficulty with face
recognition. Instead, an underlying problem with mental rotation
may affect patients ability to process or match any object or face.

Although there was a 10 second time limit for viewing these
faces (which was followed by a blank screen), it may be the case
that with more time, the AD group could have done better at this
task. However, it is also possible that the AD participants equated
the blank screen that appeared after 10 seconds as a reminder to
respond to the task. Future studies are required to view if an
increase in time for viewing the faces would benefit the AD
participants.

Conclusions. Although face recognition deficits in people
with AD have traditionally been associated with memory
impairments, our results suggest that an underlying problem
with mental rotation may compound these recognition difficulties.
This difficulty forming representations that are robust to a variety
of spatial transformations appears to occur early in the disease
process, so it seems surprising that the literature does not typically
report problems with face perception/recognition until later stages
of AD [45,46]. Of course, these reports are often from caregivers
who are not conducting the kind of detailed face perception/
mental rotation experiments carried out in the current study. It
may be that the AD patients’ ability to use contextual cues hides
this deficit until later stages of AD when the damage has spread to
more frontal regions of the brain and they are no longer able to
piece together the contextual cues.

Supporting Information

Table S1 Raw (non-standardized) sub-scores from the DRS for
the AD group.
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Table 82 Reaction Times
Found at: doi:10.1371/journal.pone.0006120.s002 (0.09 MB
DOC)

Acknowledgments

We thank the Centre on Aging at the University of Manitoba, Deer Lodge
Centre, and the Alzheimer Society of Manitoba for their aid in

References

1.

20.

21.

22.

Biilthoff H, Edelman S (1992) Psychophysical support for a two-dimensional
view theory of object recognition. Proceedings of the National Academy of
Science 89: 60-64.

Shepard RN, Metzler J (1971) Mental rotation of three-dimensional objects.
Science 171: 701-703.

. Tarr M, Pinker S (1989) Mental rotation and orientation dependence in shape

recognition. Cognitive Psychology 21: 233-282.

. Bruce V, Humphreys GW (1994) Recognizing objects and faces. Visual

Cognition 1: 141-180.

. Troje NF, Kersten D (1999) Viewpoint-dependent recognition of familiar faces.

Perception 28: 483-487.

. Baddeley A, Woodhead M (1983) Improving face recognition ability. In: Llooyd-

Bostock S, Clifford B, eds. Evaluating witness evidence. Chicheste: Wiley. pp
125-136.

. Bruce V, Valentine T, Baddeley A (1987) The basis of the ¥4 view advantage in

face recognition. Applied Cognitive Psychology. pp 1109-1120.

. Troje NF, Bulthoff HH (1996) Face recognition under varying poses: the role of

texture and shape. Vision Research 36: 1761-1771.

. O’Toole AJ, Edelman S, Bulthoff HH (1998) Stimulus-specific effects in face

recognition over changes in viewpoint. Vision Research 38: 2351-2363.

. Liu CH, Chaudhuri A (2002) Reassessing the ¥4 view effect in face recognition.

Cognition 83: 31-48.

. Yin RK (1969) Looking at upside-down faces. Journal of Experimental

Psychology 81: 141-145.

. Valentine T (1988) Upside down faces: A review of the effect of inversion upon

face recognition. British Journal of Psychology 79: 471-491.

. Craik I, Dirkx E (1992) Age-related differences in three tests of visual imagery.

Psychol Aging 7: 661-665.

. Dror IE, Koslyn SM (1994) Mental imagery and aging. Psychology and Aging 9:

90-102.

Sharps MJ, Nunes MA (2002) Gestalt and feature-intensive processing: Toward
a Unified Model of Human Information Processing. Current Psychology 21:
68-84.

. Dror IE, Schmitz-Williams IC, Smith W (2005) Older adults use mental

representations that reduce cognitive load: mental rotation utilizes holistic
representations and processing. Exp Aging Res 31: 409-420.

. Habak C, Wilkinson F, Wilson HR (2008) Aging disrupts the neural

transformations that link facial identity across views. Vision Res 48: 9-15.

. Ball MJ (1977) Neuronal loss, neurofibrillary tangles and granulovacuolar

degeneration in the hippocampus with ageing and dementia. A quantitative
study. Acta Neuropathol 37: 111-118.

. Von Gunten A, Bouras C, Kovari E, Ginnakopoulous P, Hof PR (2006) Neural

substrates of cognitive and behavioral deficits in atypical Alzheimer’s disease.
Brain Research Reviews 51.

Steele C, Rovner B, Chase GA, Folstein M (1990) Psychiatric symptoms and
nursing home placement of patients with Alzheimer’s disease. Am J Psychiatry
147: 1049-1051.

Alivisatos B, Petrides M (1997) Functional activation of the human brain during
mental rotation. Neuropsychologia 35: 111-118.

Carpenter PA, Just MA, Keller TA, Eddy W, Thulborn K (1999) Graded
functional activation in the visuospatial system with the amount of task demand.

J Cogn Neurosci 11: 9-24.

. Jordan K, Heinze HJ, Lutz K, Kanowski M, Jancke L (2001) Cortical activations

during the mental rotation of different visual objects. Neuroimage 13: 143-152.

. Vingerhoets G, Santens P, Van Laere K, Lahorte P, Dierckx RA, et al. (2001)

Regional brain activity during different paradigms of mental rotation in healthy
volunteers: a positron emission tomography study. Neuroimage 13: 381-391.

. Jack CR Jr, Shiung MM, Gunter JL, O’Brien PC, Weigand SD, et al. (2004)

Comparison of different MRI brain atrophy rate measures with clinical disease
progression in AD. Neurology 62: 591-600.

PLoS ONE | www.plosone.org

10

Mental Rotation Alzheimer’s

recruitment. We also thank Lee Baugh and Loni Desanghere for their
comments on the manuscript.

Author Contributions

Conceived and designed the experiments: JJM. Performed the experi-
ments: CAA. Analyzed the data: CAA. Wrote the paper: CAA JJM.

26.

28.

29.

30.

31.

32.

34.

40.

41.

42.

43.

44,

46.

Visser PJ, Verhey FR, Hofman PA, Scheltens P, Jolles J (2002) Medial temporal
lobe atrophy predicts Alzheimer’s disease in patients with minor cognitive
impairment. J Neurol Neurosurg Psychiatry 72: 491-497.

. Lineweaver TT, Salmon DP, Bondi MW, Corey-Bloom J (2005) Differential

effects of Alzheimer’s disease and Huntington’s disease on the performance of
mental rotation. J Int Neuropsychol Soc 11: 30-39.

Murphy KJ, Kohler S, Black SE, Evans M (2000) Visual object perception,
space perception, and visuomotor control in Alzheimer’s disease. Retrieved from
http://cognet.mit.edu/library/conferences/paper?paper_id = 47310.

Tippett L], Blackwood K, Farah M]J (2003) Visual object and face processing in
mild-to-moderate Alzheimer’s disease: from segmentation to imagination.
Neuropsychologia 41: 453-468.

Caterini F, Della Sala S, Spinnler H, Stangalino C, et al. (2002) Object
recognition and object orientation in Alzheimer’s disease. Neuropsychology 16:
146-155.

Della Sala S, Muggia S, Spinnler H, Zuffi M (1995) Cognitive modelling of face
processing: evidence from Alzheimer patients. Neuropsychologia 33: 675-687.
Fahlander K, Wahlin A, Almkvist O, Backman L (2002) Cognitive functioning
in Alzheimer’s disease and vascular dementia: further evidence for similar
patterns of deficits. J Clin Exp Neuropsychol 24: 734-744.

Hawley KS, Cherry KE (2004) Spaced-retrieval effects on name-face recognition
in older adults with probable Alzheimer’s disease. Behav Modif 28: 276-296.
Lee ACH, Buckley MJ, Gaffan D, Emery T, Hodges JR, et al. (2006)
Differentiating the roles of the hippocampus and perirhinal cortex in processes
beyond long term declarative memory: A double dissociation in dementia.
Journal of Neuroscience 26(19): 5198-5203.

. Folstein MF, Folstein SE, McHugh PR (1975) “Mini-mental state”. A practical

method for grading the cognitive state of patients for the clinician. J Psychiatr

Res 12: 189-198.

. Mattis S (1973) Dementia rating scale professional manual. Odessa, FL.:

Psychological Assessment Resources.

. Fields RB (1998) The Dementias. In: Snyder PJ, Nussbaum PD, eds. Clinical

Neuropsychology: A pocket handbook for assessment. Washington, D.C.: APA.

. Cohen J, MacWhinney B, Flatt M, Provost J (1993) PsyScope: A new graphic

interactive environment for designing psychology experiments. Behavioral
Research Methods Instruments & Computers 25: 257-271.

. Blanz V, Vetter T (1999) A morphable model for the synthesis of 3D faces.

SIGGRAPH’99 Conference Proceedings. pp 187-194.

Calder AJ, Young AW, Keane J, Dean M (2000) Configural information in facial
expression perception. J Exp Psychol Hum Percept Perform 26: 527-551.
Murray J, Ruffman T, Halberstadt J (2008) Age-related changes in face
processing. Journal of Vision 8: 196.

Grill-Spector K (2003) The functional organization of the ventral visual pathway
and its relationship to object recognition. In: Kanwisher N, Duncan J, eds.
Attention and Performance: Functional Brain Imaging of Visual Cognition.
London: Oxford University Press.

Kanwisher N, McDermott J, Chun MM (1997) The fusiform face area: A
module in human extrastriate cortex specialized for face perception. The Journal
of Neuroscience 17: 4302-4311.

Marotta JJ, McKeeff' TJ, Behrmann M (2002) The effects of rotation and
inversion on face processing in prosopagnosia. Cognitive Psychology 19: 31-47.

. Bourgeois MS, Schulz R, Burgio L (1996) Interventions for caregivers of patients

with Alzheimer’s disease: a review and analysis of content, process, and
outcomes. Int J Aging Hum Dev 43: 35-92.

Selwood A, Johnston K, Katona C, Lyketsos C, Livingston G (2007) Systematic
review of the effect of psychological interventions on family caregivers of people
with dementia. J Affect Disord 101: 75-89.

July 2009 | Volume 4 | Issue 7 | 6120



