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Abstract
The present investigation worked to understand whether patients with mild Alzheimer's disease
(AD) could use general or self-referential mental imagery to improve their recognition of visually
presented words. Experiment 1 showed that, unlike healthy controls, patients generally did not
benefit from either type of imagery. To help determine whether the patients' inability to benefit
from mental imagery at encoding was due to poor memory or due to an impairment in mental
imagery, subjects then performed four imagery tasks, with varying imagery and cognitive
demands. Experiment 2 showed that patients successfully performed basic visual imagery, but
degraded semantic memory, coupled with visuospatial and executive functioning deficits,
impaired their ability to perform more complex types of imagery. Given that patients with AD can
perform basic mental imagery, our results suggest that episodic memory deficits likely prevent AD
patients from storing or retrieving general mental images generated during encoding. Overall, the
results of both experiments suggest that neurocognitive deficits do not allow patients with AD to
perform complex mental imagery, which may be most beneficial to improving memory. However,
our data also suggest that intact basic mental imagery and rehearsal could possibly be helpful if
used in a rehabilitation multi-session intervention approach.
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1. Introduction
Alzheimer's disease (AD) is a progressive neurodegenerative disorder that gradually
destroys one's ability to learn, reason, and carry out daily activities. The disease will develop
in 5% to 11% of people over the age of 65, and it will affect as many as 40% of those over
the age of 851. The Alzheimer's Association reported in 2010 that over 5.3 million
Americans are currently diagnosed with AD and that the current direct and indirect costs for
care are estimated at $172 billion annually. The hallmark of AD, and often the presenting
complaint, is impairment in episodic memory. Memory problems can drastically
compromise one's ability to live independently and, along with dementia, are a reason
commonly cited for nursing home placement2–4. A relatively recent study showed that a $4
billion savings could be realized by delaying nursing home placement by only one month5.
Therefore, it is critical to identify ways to improve memory or to develop strategies that will
help individuals compensate for memory loss and live at home or in the community longer.

One possible strategy that has shown benefit to healthy adults in the cognitive aging
literature is using mental imagery at the time of encoding6–8. A distinct cognitive process in
itself, mental imagery has become one of the single most important memory-training
techniques used over the last 25 years9. Research has shown that training in the use of
mental imagery leads to substantial improvements in memory performance in healthy
young7 and older adults10. Further, these improvements are reliable and can be maintained
over time in these populations11. Self-referential imagery, in which participants envision
themselves interacting with the item of interest, has been shown to have particular
benefit6,12. Many studies involving older adults have demonstrated the success of self-
referential imagery in improving memory10,12–16. However, there has been no investigation
examining the use of mental imagery to improve memory encoding in patients with AD.
Given that healthy older adults show such robust improvement, even a slight improvement
in recognition for patients with AD could potentially enhance independent functioning.

At the foundation of the effectiveness of mental imagery to improve memory for words is
the picture superiority effect. This effect is a consistent empirical finding showing that
stimuli presented as pictures are better remembered than stimuli presented as words17. It has
been hypothesized that in addition to a verbal code, words can evoke an image code (likely a
prototypical stored semantic or mental representation) through spontaneous mental
imagery18. These verbal and image codes are stored in partly interconnected, but
functionally independent, symbolic systems in memory19. While the encoding of words
regularly activates prefrontal and temporoparietal regions20, work has shown that
performing mental imagery to turn these words into pictures activates primary visual
areas18. Though not all investigations of mental imagery suggest activation of primary
visual areas21, more recent work neuroimaging work has confirmed that activity in primary
visual cortex reflects spontaneous memory-related visual imagery during encoding of
words22,23. These findings certainly have implications for patients with AD, as primary
visual areas tend to be affected later in the disease course than temporoparietal or prefrontal
regions24.

Given evidence that primary visual areas tend to remain intact until later in the disease
course, in addition to the fact that the picture superiority effect remains rather robust in
patients with mild AD25, we hypothesized that using mental imagery may be an effective
intervention for improving verbal memory performance early in AD. To test this hypothesis,
patients with mild AD and healthy age, gender, and education matched controls participated
in three study-test conditions involving words. In the first condition, subjects were asked to
make like/dislike judgments. In the second condition, subjects were asked to come up with a
general mental image of the word on the screen. Finally, in the last condition, we asked
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subjects to generate a “self-referential” mental image in which they mentally interacted or
engaged with the item on the screen. Based on previous work suggesting that patients with
AD can perform basic mental imagery26,27, we hypothesized that, like healthy older adults,
patients would demonstrate better discrimination for the two imagery encoding conditions
than for the standard like/dislike encoding condition. Further, we hypothesized that patients
and controls would perform better on the self-referential imagery condition compared to the
general imagery condition.

2. Experiment 1
2.1. Method

2.1.1. Participants—Eighteen patients with a diagnosis of probable mild AD as
determined by the National Institute of Neurological and Communicative Disorders and
Stroke-Alzheimer's Disease and Related Disorders Association criteria (NINCDS-
ADRDA28) and seventeen healthy older controls were recruited for this experiment. The
participants with AD were recruited from the Boston University Alzheimer's Disease Center
in Boston, Massachusetts and from previous patients that had participated in studies from
our laboratory. Patients with AD were excluded if their Mini Mental State Examination29

(MMSE) score fell below 21. Healthy older adults were excluded if they had a first-degree
relative with AD, another neurodegenerative disorder, or dementia. They were also excluded
if they scored 1.5 standard deviations below the mean on any element of the Consortium to
Establish a Registry for Alzheimer's Disease (CERAD) Word List Memory test30,31

(memory, recall, and recognition), or if they scored below 28 on the MMSE. All participants
were excluded from participation if they were characterized as having clinically significant
depression, alcohol or drug abuse, cerebrovascular disease, history of traumatic brain injury,
or if English was not their native language.

Each participant completed a brief neuropsychological battery in a 30 to 45-minute session
either directly following their participation or during a separate visit. This battery included
the MMSE29, the CERAD word list memory test30, Trail Making Tests Part B32, Verbal
Fluency33, and the 15-item Boston Naming Test34. Demographic and neuropsychological
data for the two groups are presented in Table 1. Fisher F-tests revealed no significant
differences in age [F(1, 28) = 1.35, p = .254] or years of education [F(1, 28) = 2.90, p = .
100] between the AD and healthy older adult groups. Chi-square analysis also revealed no
differences in gender between groups [χ2(1) = .536, p = .464]. The human subjects
committees of the Edith Nourse Rogers Memorial Veterans Hospital and Boston University
approved this study. Written informed consents were obtained from all participants and from
their caregivers, where appropriate, and participants were compensated at $10/hr for their
time. Three patients with AD were excluded from analysis due to poor performance greater
than two standard deviations from the group mean on two or more of the three conditions.
Additionally, two healthy older adults were excluded from the analysis due to performance
on neuropsychological testing that suggested mild cognitive impairment.

2.1.2. Stimuli—The stimuli were 300 high imagability concrete nouns from the University
of Western Australia MRC Psycholinguistic Database
(http://www.psy.uwa.edu/au/MRCDataBase/uwa_mrc.htm). These word stimuli were
randomly divided into six lists of 50 words. The presentation of these lists was
counterbalanced across participants in each group such that each list was used equally often
in each of the conditions (i.e., like/dislike, general imagery, self-referential imagery) and as
studied or unstudied items.

2.1.3 Design and procedure—Each participant was tested individually in a single
session. Stimuli were presented on a Dell Inspiron 640 m laptop computer via E-Prime
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software (Psychology Software Tools Inc.; www.pst-net.com/eprime). The procedure
consisted of three study-test blocks. To help prevent ceiling effects in healthy older adults,
study and test sessions were separated by a 10-minute delay with a filler task. Patients had a
one-minute delay with no filler task between study and test sessions. Before the first block
was presented, participants were instructed verbally that they would be studying lists of
words for a subsequent recognition memory test. In the study phase of the standard encoding
block, participants studied 50 words for 3 seconds under deep encoding conditions by
making a like/dislike judgment about each item. For both of the imagery conditions, study
words were presented for 3 seconds to all participants as in the standard like/dislike
condition, while imagery responses were self-paced. The experimenter would not move
forward to the next study item until the subject reported being finished performing their
mental image. Following the study-test delay, participants were instructed that they would
see old words that they had previously studied and new words that they had not studied
during this session, and that they would be asked to make an old/new (i.e., old = studied and
new = not studied) judgment about each word presented.

2.1.4 Imagery Conditions—The general imagery block was conducted in a similar
format to the standard encoding block (i.e., study 50 words and tested on 100) except that
participants were instructed to create a general visual image of the object denoted by the
presented word during study to aid recognition on a subsequent memory test. A card was
placed at the top of the computer monitor that read, “Create a mental image of the object”,
which served as a reminder of the task. Participants were further instructed to not envision
themselves interacting with the object during the general imagery block; rather, to only
create an image of the object itself. During the test phase, another card was placed on top of
the monitor, which reminded participants to “Use the image you created of the object at
study to help you remember.”

For the self-referential imagery block, participants were instructed to create a visual image,
in which they were engaging or interacting with the object denoted by the presented word to
aid recognition on a subsequent memory test. A card instructing the participant to “Create a
mental image where you are interacting or engaging with the object” was placed on top of
the monitor during the study phase. During the test phase, participants were again given a
reminder card that was placed on top of the monitor to remind them to “Use the image you
created of yourself interacting with the object at study to help you remember” to help you
remember.

For the imagery conditions, two practice trials were administered for each study task. On
these practice trials, once the participant indicated that s/he had created an image, the
experimenter would ask the participant to detail the image s/he created in order to determine
if s/he were completing the task correctly and gave feedback if appropriate. To further
ensure that the patients were staying on task throughout the study phases of the general
imagery and self-referential blocks, the experimenter would stop after every fifth item
presented to query the participants about the image they created for that item and would give
feedback if appropriate. The order of the three study-test blocks was counterbalanced across
subjects. It should be noted that the order of presentation made no difference on
performance [F(1, 27) < 1]. To confirm this, we also performed t-tests on the differences in
performance based on which condition was administered first. Here, there was no difference
when like/dislike was given first compared to when general imagery was given first [t(16)
= .454, p = .656] or when self-referential imagery was given first [t(18) = .930, p = .365].
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2.2. Results
To begin our examination of recognition performance, we calculated d' as a measure of
discrimination and C as a measure of response bias35. We choose these measures because
Snodgrass and Corwin (1988) note that models of d' and C demonstrate independence
between discrimination and bias. Greater d' indicates greater discrimination; 0 indicates
chance performance (range −4.67 to 4.67). Positive values of C indicate a conservative
response bias, negative values indicate a liberal response bias, and 0 indicates a neutral bias
(range = −1 to 1). Discrimination (d') and response bias (C) means and standard deviations
for healthy older adults and patients with AD for the three conditions can be seen in Table 2.

To compare discrimination (d') between groups on the three encoding tasks, a repeated-
measures ANOVA with factors of Group (older controls, AD) and Condition (like/dislike,
general imagery, self-referential imagery) was performed. The results of the ANOVA
revealed an effect of Group [F(1, 28) = 31.41, p < .001] due to better overall discrimination
for the older controls than for patients with AD, as well as an effect of Condition [F(2,56) =
3.82, p = .028] and an interaction of Group and Condition [F(2,56) = 3.62, p = .033]. This
interaction was present because the older controls performed better on the self-referential
imagery condition compared to the general imagery [t(14) = 2.43, p = .029] and Like/Dislike
[t(14) = 2.26, p = .040] conditions. In contrast, there were no significant differences between
the three conditions for the AD group.

In addition to discrimination, we also examined recognition response bias to determine if
mental imagery had an effect on response criterion in these populations. Response bias
means and standard deviations for all three groups can be seen in Table 2. To compare
response bias (C) between groups for the three conditions, a repeated-measures ANOVA
with the factors of group (older controls, AD) and condition (Like/Dislike, General Imagery,
Self-referential Imagery) was performed. The ANOVA revealed no main effect of Group
[F(1, 28) < 1] or Condition [F(2, 56) < 1], and there was no interaction of Group and
Condition [F(2, 56) < 1].

To determine whether the failure to improve memory performance with mental imagery
possibly resulted from lack of engagement in the encoding task, we calculated separate d'
values for the general and self-referential imagery condition trials that were queried by the
experimenter (every fifth trial). Although this new discrimination value (1.72) did not
significantly differ from the overall d' value for the general imagery condition (1.50) [t(14) =
1.43, p = .175], it did differ significantly from the like/dislike d' value (1.36) [t(14) = 2.90, p
= .012]. A similar trend was found for the self-referential condition. Here, the queried trials
for the recalculated d' value (1.64) was not significantly different from the overall d' value
(1.47) [t(14) = 1.46, p = .166], but there was a trend towards better performance compared
to the like/dislike d' value (1.36) [t(14) = 1.82, p = .090].

2.3 Discussion
Our goal in this experiment was to determine whether patients with mild AD could benefit
from the use of mental imagery to improve memory for words. We hypothesized that, like
healthy older adults, patients with AD would show modest benefit from the general mental
imagery condition, and even greater benefit from the self-referential condition. Contrary to
these hypotheses, patients with AD showed no benefit from either condition. In contrast,
healthy older adults showed significant improvement after engaging in self-referential
mental imagery at encoding. The fact that patients did not benefit from the mental imagery
conditions left us with two main hypotheses of interest: 1) despite the prior literature26,27,
patients with AD cannot perform mental imagery, or 2) the patients can perform mental
imagery at the time of encoding but their memory impairments are such that that the mental
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images cannot either be encoded, stored, or retrieved, so that mental imagery cannot be used
as a successful aid to memory.

Although it has been speculated that patients with AD can perform mental imagery there has
been no systematic investigation. A recent study of semantic memory and knowledge of
famous names showed that using mental imagery, patients with AD did not generate as
many semantic details about famous people compared to controls36. Borg et al. (2010)
concluded that mental imagery is likely lowered in patients with AD due to semantic
memory problems. Similarly, an investigation examining the early stages of visual
perception and cognition (e.g., image segmentation, shape consistency, object memory,
lexical access, and visual imagery) suggested that semantic memory deficits impaired
patients' ability to perform complex mental imagery compared to healthy older adults37.
Although Tippet and colleagues (2003) acknowledged that their data do not allow for a
precise characterization of mental imagery ability in patients with AD, it certainly leaves the
impression that patients may be able to perform mental imagery. Indeed, the patients in
Tippett et al. (2003) were significantly more impaired than those in Experiment 1. Tippett
and colleagues used an MMSE range of 10–19, which places patients in the moderate stage
of the disease. Our patients in Experiment 1 were in the mild to very mild range, with
MMSE scores ranging from 21–26. Therefore, we set out with the primary goal of
Experiment 2 to determine whether the patients with AD from Experiment 1 could in fact
perform mental imagery, helping to answer the question of whether patients with AD gain
no benefit at encoding because they cannot perform mental imagery or because they cannot
use the mental images to improve their memory.

3. Experiment 2
Mental imagery is a well-studied and characterized cognitive phenomenon. It has been
described as a set of representations that gives rise to the experience of viewing a stimulus in
the absence of appropriate sensory input18. Two main types of mental imagery have been
discussed in the literature: visual and spatial38,39. Visual mental imagery is by definition, a
representation specific to the visual modality and can be dissociated from spatial
representations based on the inclusion of intrinsically visual information (e.g., color, shape,
size)38. In contrast, spatial mental imagery relates to rotating representations of objects,
scanning spatial characteristics of representations of objects and images, and mentally
determining relationships between objects and individuals in space38. Although debate
exists as to whether visual and spatial imagery are completely separate entities relying on
two separate “visual systems” (see40), studies involving individuals who are congenitally
blind show that they can successfully perform spatial imagery tasks, but cannot perform
visual mental imagery41–44 suggesting that some stored visual representation is needed to
perform visual imagery but not spatial imagery.

Less clear is the understanding of how imagery occurs in the brain. There have been a
number of models to explain the process of mental imagery. Kosslyn (1980) proposed
separable “components” and “processes” in the imagery system45. The main components
consist of a long-term visual memory storage and a visual buffer. In the visual buffer, stored
information is manipulated via various processes. Kosslyn (1980) proposed three main
imagery processes of the visual buffer44. The first process, generation, creates the image in
the buffer from information in long-term memory. The second process, inspection, explores
representations to retrieve information such as color and shape. Finally, the third process,
transformation, can rotate, reduce, etc., images in the buffer.

Helping to understand how mental imagery occurs, recent neuroimaging work has shed light
on where imagery occurs in the brain. Primary visual areas V1 and V2 have been implicated
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in the generation of basic mental images46–49, whereas slightly higher-level visual
processing areas V3, V4, and V5 have been implicated in the inspection and transformation
of mental images50–53. In their review, Thompson and Kosslyn (2000) proposed that the
generation process is highly reliant on medial occipital cortex including visual areas V1 and
V2, the inspection process is highly reliant on medial occipital cortex and inferotemporal
cortex, and the transformation process is heavily reliant on posterior parietal cortex. These
brain regions involved have implications regarding which types of mental imagery may or
may not be able to be performed by patients with AD.

Alzheimer's disease affects numerous brain structures throughout the course of the disease.
Areas in medial temporal regions associated with new learning and episodic memory are
typically the first areas to be affected by neurofibrillary tangle pathology54. However, more
recent neuropathology investigation has suggested that association areas, such as posterior
parietal and visual area V5, are affected early in the disease by amyloid plaque pathology55.
It has been speculated that deterioration of V5 in patients with AD may lead to visual
processing problems that recruit the dorsal pathway56. However, it has been suggested that
primary visual areas remain relatively spared until later in the disease course24. Further,
investigations have found that neuronal function along the dorsal pathway was affected prior
to function along the ventral pathway in AD56. Based on these neuropathological findings,
we hypothesize that patients with AD can likely perform basic mental imagery that involves
generation, but may be impaired on types of mental imagery that have heavy inspection or
transformation processing.

To further support these hypotheses, neuropsychological work has found impairments in
cognitive domains likely critical to mental imagery. At the fore, neuropsychological findings
suggest that episodic memory and visuospatial functioning can be impaired in very early
AD57. In fact, a recent longitudinal study of patients with mild cognitive impairment (MCI)
found that episodic memory recall, visuospatial, and semantic performance predicted those
that ultimately developed AD58. In line with the predictions made based on the
neuropathologic evidence, we hypothesized based on the neuropsychological findings that
patients with AD can likely perform basic mental imagery, but might be impaired on those
types of mental imagery that are heavily dependent on visuospatial, episodic memory, or
semantic processing.

To determine whether the patients with AD from Experiment 1 could perform visual or
spatial imagery, four mental imagery tasks were created based on modifications of
previously used tasks. These tasks, as well as the imagery and cognitive processes involved,
can bee seen in Table 4. Our a priori hypotheses, based on neuropathology and
neuropsychology work, as well as previous imagery in AD findings (also seen in Table 4),
were that patients would perform similarly to controls on the Letter Curves and Taller Wider
tasks, which have lower spatial and semantic demands, as well as relatively low inspection
and transformation imagery processing. In contrast, we predicted that patients would be
impaired on the Animal Tails and Clock Angles tasks, which have relatively higher spatial
and semantic demands, and also rely heavily on inspection and transformation imagery
processing.

3.1. Method
3.1.1. Participants—All patients with AD and healthy older controls from Experiment 1
were recruited for Experiment 2. For various reasons of attrition (e.g., relocation for winter,
declined) we were able to follow up with 9 patients with AD from Experiment 1. Although
this is a rather small number of subjects, we thought it was preferable to emphasize
continuity with the subjects from Experiment 1 and maintain a within-subjects design. All
participants completed Experiment 2 within six months of Experiment 1, with a mean delay
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of 1.4 months. Because this delay was relatively short, neuropsychological testing was not
repeated. To match for age, gender, and education, we selected 9 healthy older adults from
Experiment 1 to act as control subjects in Experiment 2. Once again, we performed Fisher F-
tests to assess group differences in age and years of education and Chi-Square to assess
differences in gender. The results revealed that there were no significant differences in age
[F(1, 16) = 1.72, p = .208], gender [F(1, 16) = 1.44, p = .247], years of education [F(1, 16) <
1], or gender [χ2(1) = .254, p = .614] between the AD and healthy older adult groups (see
Table 3).

3.1.2. Stimuli and Procedure—Four mental imagery tasks from the literature were
slightly modified for use in patients with AD. Behavioral data were obtained in a single
session with the order of these tasks counterbalanced across participants. Each task consisted
of two conditions. One condition required mental imagery to successfully perform the task.
A second condition consisted of a perceptual version of each imagery task to assure that any
failure of a mental imagery trial was not secondary to a problem with perceptual
functioning. As to not interfere with the imagery condition and aid performance, the
perceptual task was given prior to the imagery task for the Clock Angles task only. For all
other conditions, the perceptual task was given last.

In the Clock Angles task, based on that of Grossi et al., (1994) but modified to simplify the
procedure and minimize the cognitive steps necessary to complete the task, participants were
asked to imagine the angle created by the hands on a clock, set to a certain time, and
determine whether that angle was less than 90 degrees. Participants first saw 40 clock faces
(hands included) without numbers and were asked to make a judgment about whether the
angle between the hands was less than 90 degrees. Participants next viewed digitally
represented clock times and were asked to imagine the angle between the minute and hour
hands (as represented on an analog clock) and make a judgment about whether that angle
was less than 90 degrees. In the Animal Tails task38, participants viewed 29 animal names
and were asked to imagine each animal and make a judgment about whether its tail was long
or short relative to its body size. In the perceptual condition, they viewed pictorial referents
of the animals with the tail exposed and were asked to make the same judgment. In the
Taller/Wider task59, participants were asked to generate an image of an object presented as a
word on the screen and make a judgment about whether the item is taller than it is wide. In
the perceptual condition they were then shown pictorial referents of those words and asked
to make the same judgment. Finally, in the Letter Curves task38, participants heard the 26
letters of the alphabet (both lower and upper case forms specified) presented in random
order and were asked to create a mental image of a printed block letter to determine whether
that letter contained any curved lines or all straight lines. In the perceptual condition of this
experiment they viewed the same letters and were asked to make the same judgment.

3.2. Results
To analyze accuracy (percent correct) for the four imagery conditions (Table 5), we
performed a repeated-measures ANOVA with the factors of Group (older controls, AD) and
Task (Animal Tails, Taller/Wider, Letter Curves, Clock Angles). The ANOVA revealed an
effect of Group [F(1,16) = 6.75, p = .019] because overall, the older controls performed
better on the imagery tasks than patients with AD. There also was an effect of Task [F(3,48)
= 13.46, p < .001], but no interaction of Group and Task [F(3,48) = 1.96, p = .133]. The
effect of Task was present because all participants performed better on the Taller/Wider task
than on the Animal Tails [t(17) = 5.17, p < .001] and Clock Angles [t(17) = 4.45, p < .001]
tasks. They also performed better on the Letter Curves task than on the Animal Tails task
[t(17) = 3.76, p = .002], and on the Clock Angles task [t(17) = 3.34, p = .004].
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To compare the patients and controls on the perceptual conditions, we performed a repeated-
measures ANOVA with the factors of Group (older controls, AD) and Task (Animal Tails,
Taller/Wider, Letter Curves, Clock Angles) similar to that of the imagery conditions. The
ANOVA revealed no effects of Group [F(1, 16) = 0.11, p = .742] or Task [F(3, 48) = 1.20, p
= .318] and no interaction of Group and Task [F(3, 48) = .250, p = .861].

Because previous work has implicated confrontation naming as a possible limitation to
imagery ability in patients with moderate AD37, and our patients with AD performed
significantly worse on the Boston Naming Test than the healthy controls [t(16) = 3.14, p = .
006], we elected to run a separate repeated-measures ANOVA with Boston Naming Test
(BNT) performance included as a covariate on the imagery performance data. When naming
performance was included, the ANOVA revealed an effect of Task [F(3, 45) = 5.69, p = .
002] and interactions of Group and Task [F(3, 45) = 2.96, p = .042] and Task and BNT score
[F(3, 45) = 5.73, p = .002]. In contrast to the original ANOVA, there was only a trend
towards an effect of Group [F(1, 15) = 3.49, p = .081]. To follow up on the interaction of
Group and Task, we ran a multivariate ANOVA with the covariate of BNT score. The
ANOVA revealed a difference in group performance only on the Clock Angles task [F(1,
15) = 4.85, p = .044]. There were no group differences on the Animal Tails task [F(1, 15) <
1], the Taller/Wider task [F(1, 15) = 2.68, p = .123], or the Letter Curves task [F(1, 15) < 1].
The ANOVA also revealed a significant impact of BNT score on the Animal Tails task [F(1,
15) = 6.78, p = .020], but on no other task. Finally, to fully understand the impact of naming
ability on each of the mental imagery tasks, we elected to perform pairwise comparisons
between groups without the covariate. Here, the groups did not differ on the Taller/Wider
task [t(16) = 1.17, p = .261] or the Letter Curves Task [t(16) < 1], but patients with AD
performed significantly worse than controls on the Animal Tails [t(16) = 2.56, p = .021] and
Clock Angles tasks [t(16) = 3.02, p = .008]. Figure 1 shows performance on the four
imagery tasks with and without the covariate of Boston Naming score.

3.3. Correlation analyses
To further understand the relationship between the data from both experiments and between
our behavioral results and the neuropsychological data, we performed two sets of correlation
analyses. First, we performed a bivariate correlation analysis to determine whether
performance on the imagery tasks of Experiment 2 were related to performance on the
memory tasks in Experiment 1. The results showed no relationship between performance on
any of the imagery tasks and performance on the memory tasks (all correlation coefficients
< .360), suggesting that variance in memory ability outweighs any effect of imagery ability.
In other words, patients' significant variance in their poor memory likely outweighs the
ability for imagery to improve their memory. Alternatively, correlations may not have
reached significance due to such a small number of subjects. In contrast, performance on the
memory and imagery tasks did correlate with performance on neuropsychological testing
measures. Executive functioning ability, as measured by the Trail Making Test Part B
(TMT-B), correlated significantly with performance on the General [r = −.425, p = .022] and
Self-Referential Imagery [r = −.409, p = .028] memory tasks and with performance on the
Clock Angles imagery task [r = −.861, p < .001]. However, only the correlation between
TMT-B and the Clock Angles imagery task remained significant after Bonferroni correction
for multiple comparisons with an adjusted alpha of .05/7 (p = .007).

3.4. Discussion
In Experiment 2, we examined whether the patients with AD from Experiment 1 could
perform a series of mental imagery tasks with varying cognitive and imagery demands. Over
the four tasks, patients with AD were generally unable to perform mental imagery in a
manner comparable to healthy older adults, despite similar perceptual functioning. However,
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due to significant differences in task difficulty and the imagery and cognitive processes
underlying each of the four tasks, we elected to perform pairwise comparisons between
groups to test our specific hypotheses. In line with our hypotheses, the results showed that
patients performed similarly to controls on the Letter Curves and Taller/Wider tasks, but
significantly worse on the Animal Tails and Clock Angles tasks. Interestingly, when we
used analysis methods similar to Tippett and colleagues (2003) and controlled for
confrontation naming ability (BNT performance), the overall group differences were
reduced to only a trend. Further, performance remained similar for the Letter Curves and
Taller/Wider tasks in the new analysis, but now there was no difference in performance on
the Animal Tails task between groups.

Out of the four imagery tasks, patients with AD demonstrated clear impairment on the Clock
Angles task. Patients' performance on the Clock Angles task was reduced compared to
healthy older controls, whether or not naming was entered as a covariate in the analysis.
There are several likely reasons for impaired performance on the Clock Angles task in our
patient group. First, in neuropsychological work, the Clock Drawing Test is often used to
test visuospatial functioning60. Neuroimaging work investigating a variety of Clock Angle
tasks using functional magnetic resonance imaging (fMRI) suggests that left parietal cortex
is heavily involved in these tasks51,61. Further, a study examining the comparison of two
clock angles in mind using mental imagery showed that the left parietal lobe was involved in
generating the mental image of the clock while the right parietal lobe specialized in
comparing multiple angles62. Given evidence suggesting impaired visuospatial performance
in AD patients early in the disease63 and that Alzheimer plaque pathology may develop in
posterior parietal regions very early in the disease course55, our current finding of
impairment on the Clock Angles spatial imagery task is not surprising.

Executive dysfunction in patients with AD could also be contributing to the impaired
performance on the Clock Angles task. TMT-B is used to test executive functioning ability,
which is also often impaired in early AD64. In the current study, performance on the TMT-
B, which was impaired for patients relative to controls, correlated with performance on the
Clock Angles task. That is, the worse patients performed on the TMT-B, the worse they
performed on the Clock Angles task. Being able to hold the clock and time in mind to
determine the angle requires significant demand on working memory and executive skills62.
As patients lose executive abilities as the disease progresses, their ability to perform spatial/
transformational imagery likely deteriorates as well.

One final explanation for the impaired performance on the Clock Angles task in the patients
with AD is semantic memory impairment. Recent work has suggested that poor performance
on the neuropsychological measure, Clock Drawing Test, not only arises due to visuospatial
and executive dysfunction in patients with AD, but also due to semantic memory failure65.
Patients in the earliest stages of the disease have shown degraded semantic ability associated
with cortical atrophy in anterior temporal and inferior prefrontal regions66. In the current
study, we see slight improvement in the Clock Angles task once naming ability is covaried
in the analysis (see Figure 1). Although performance improved after controlling for naming
ability, it remained reduced compared to healthy older adults, suggesting that semantic
impairment likely did not play a significant role in the poor performance seen our patient
group.

In should be noted that our findings on the Clock Angles tasks are somewhat discordant with
Grossi et al. (1994), who found that patients with mild AD could perform spatial imagery
using clock angles in a similar manner to healthy older controls. The major difference
however, is that Grossi and colleagues (1994) preselected participants from a patient pool
that performed within normal limits on the neuropsychological assessment measure Clock
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Drawing Test, suggesting that patients without visuospatial or executive deficits can perform
spatial imagery without problem. However, given that clock performance is typically
impaired in the majority of patients with AD65, these deficits likely prevent patients from
being able to perform spatial mental imagery. These results also suggest, as hypothesized,
that the mental imagery process of transformation is impaired in patients with AD.

From the results of the Clock Angles task and the follow-up analyses, it is clear that
visuospatial, executive, and semantic memory impairment hinder patients with AD from
performing some types of mental imagery as well as their peers. Although semantic memory
ability appeared to affect the Clock Angle task only slightly, it played a significant role in
the Animal Tails task. In the original ANOVA, performance on the Animal Tails tasks was
significantly reduced for patients compared to healthy older adults. However, our follow-up
ANOVA revealed that when naming ability was entered as a covariate, performance did not
differ between patients and controls (see Figure 1). Farah, Hammond et al. (1988) state that
the Animal Tails task is a mental imagery task that requires detailed semantic knowledge of
animals, with relatively little visuospatial influence. It has also been hypothesized that
episodic memory likely plays a role to some degree37. The task requires participants to
conjure a visual image and inspect this image for a specific detail. That patient performance
was reduced without the covariate of naming is not unexpected given the progressive loss of
detailed semantic and episodic memory ability in the course of AD67. Further, holding an
image in mind to inspect for specific details likely places increased demands on working
memory and executive functioning. As stated earlier, as these processes deteriorate in AD,
tasks that rely on these processes likely suffer as well.

The results of the Animal Tails task suggest that some aspects of the inspection process of
mental imagery may be impaired in patients with AD. As Kosslyn (1980) proposed, when
determining whether a fox has a long tail compared to its body, the individual must
construct or generate an image of a fox, then scan the surface representation to examine the
tail. This process depends on both the long-term memory representation of a fox as well as
holding the image of the fox in the working memory visual buffer while it is scanned,
placing heavy demands on posterior parietal cortex48. At this time, it is unclear whether
degraded long-term memory representation or impairment in the visual buffer contributes to
the impaired performance seen in patients for the Animal Tails task. The literature has
reported impairment in both68,69. Reports of Alzheimer pathology early in the disease
affecting visual regions V4 and V555,56 as well as posterior parietal regions55 lend support
to the hypothesis of visual buffer impairment. However, it has also been previously
suggested that perhaps patients with AD would have difficulty in the inspection process due
to degraded long-term representations rather than a deficit in the visual buffer70, consistent
with the fact that patients' performance on the Animal Tails task is relatively spared when
naming deficits are covaried.

The hypothesis suggesting that patients would have difficulty in the inspection process due
to degraded long-term representations rather than a deficit in the visual buffer68 is also
supported by the Taller/Wider task results. Here, patients did not differ in performance
relative to controls, with or without the covariate of naming ability. The Taller/Wider task
requires participants to generate a visual mental image of an object presented as a word on
the screen, and determine whether the object is greater in height or width. This task,
originally used by Kosslyn and colleagues (1985) with patient V.P., is reported to rely on
basic semantic knowledge or familiarity of an object, but not on specific detailed
information or holding an object in the visual buffer and scanning for a specific detail as in
the Animal Tails task37. It is suggested that the semantic and episodic demand is lower on
the Taller/Wider task than on the Animal Tails task37,38, and places relatively low demand
on posterior parietal regions mediating the visual buffer during the inspection process48.
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That patient performance is unimpaired on this task suggests that at least some aspects of the
inspection process of mental imagery remain intact.

The results of Experiment 2 suggest that, in general, basic visual imagery remains intact in
patients with AD. That performance on the Taller/Wider and Letter Curves tasks was similar
between groups, even without covarying for naming performance, suggests that the imagery
processes of generation and inspection remain intact in patients with AD. Given that
patients' performance on the Taller/Wider task remained intact, but performance on the
Animal Tails task was impaired, makes it difficult to determine whether all aspects of the
process of inspection are unimpaired. Patients appear able to inspect their mental images,
but degraded semantic representations and impaired working memory make inspecting these
images for specific details impaired. In contrast to the processes of generation and
inspection, it appears as though the process of transformation is impaired. Patients
performed worse on the Clock Angles task than controls whether or not we controlled for
naming ability. The Clock Angles task is generally more difficult and has increased
demands on visuospatial and executive ability, which likely contributed to the poor
performance seen in our patient group.

4. General Discussion
Alzheimer's disease tends to affect all domains of cognition as the disease progresses.
However, in the earliest stages, medial temporal structures responsible for new learning are
most involved. A great deal of research has recently been focused on helping patients with
mild cognitive impairment or very mild AD use novel techniques to enhance new
learning71,72. These findings, in addition to work showing that patients can use
metacognitive strategies to improve memory performance73,74, have led researchers to
develop salubrious cognitive rehabilitation programs for these individuals75. As part of
cognitive rehabilitation to improve memory, many investigators have used mental imagery,
which has shown great improvement in healthy older adults14.

The results of our investigation suggest that patients with AD can perform basic visual
imagery. Specifically, patients perform very similarly to healthy older adults on tasks that
rely on the imagery processes of generation and basic inspection. However, patients cannot
perform more complex or spatial mental imagery that involves heavy visuospatial,
executive, or semantic demands, or imagery that requires holding an object in working
memory for detailed inspection or transformation. We speculate that the impairment in
spatial inspection and transformation likely prevents patients from benefiting from complex
types of mental imagery, such as self-referential imagery, to improve verbal memory.
Buckner and Carroll (2007) report that mentally projecting oneself into a situation relies on
a network of parietal, frontal, and medial temporal structures (default network, episodic
memory network)76. This network of structures is typically heavily affected in AD, and is
thought to be responsible for the significant episodic memory deficits in patients77. That
patients have difficulty using self-referential imagery is also consistent with behavioral work
showing that patients with AD lack the ability to mentally project themselves into future
situations78. That is, patients struggle with the ability to place themselves into a made up
past or future scenario, which may be very similar to envisioning themselves interacting
with an object in a mental imagery scene. Using the current study design, patients with AD
showed little benefit from the self-referential strategy, even when rehearsed with the
experimenter on every fifth trial.

Although patients' ability to perform basic mental imagery did not translate into a benefit to
verbal recognition in the current study, there are a number of possibilities that suggest that
mental imagery may actually help patients with AD. First, our methodology was designed to
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have patients and controls perform the same task, while keeping patients off of functional
floor and controls off of ceiling. While we certainly accomplished this, the task of
recognizing 50 studied items from each encoding condition was likely difficult for patients,
and not realistic of everyday requirements of memory. Future work can examine the effect
of mental imagery in patients using shorter study lists or more functional tasks (e.g., grocery
lists, medications, etc.). Indeed, mental imagery has shown to be of great benefit to patients
who have suffered a stroke needing to relearn activities of daily living79. Second, when we
re-analyzed the data for every fifth trial where the experimenter verified the subject's general
mental image, performance was significantly better compared to the baseline condition. This
benefit was likely the result of deeper encoding due to rehearsal and verbalization. Future
work could focus on using training in mental imagery or interaction with caregivers to
scaffold new learning using mental imagery. These techniques could help to overcome
patient apathy or poor attention that may contribute to encoding failure and resultant poor
memory. Finally, the current investigation was an initial examination into whether patients
with AD could use mental imagery to improve memory with no training. In the literature,
studies examining the effects of cognitive rehabilitation in healthy and cognitively impaired
populations provide training and strategies over many sessions75,79. Further, memory
rehabilitation studies suggest that multiple sessions of training have shown that patients with
AD can learn and successfully use new techniques to improve memory80. Incorporating
what we have learned from the present study with current knowledge in the cognitive
rehabilitation field could potentially provide meaningful strategies for improving memory
functioning in patients with mild AD.
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Figure 1.
Mean percent correct for the Clock Angles (CA), Animal Tails (AT), Taller/Wider (TW)
and Letter Curves (LC) imagery tasks for the healthy older adults and patients with AD. The
additional dark shaded area above the AD bars represents the means percent correct on these
tasks with Boston Naming scores added in the ANOVA as a covariate.
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Table 1

Experiment 1 means and standard deviations (in parentheses) for age, education, and neuropsychological
performance for the Alzheimer's disease (AD) and health older adult (OC) groups.

AD OC

Subjects n = 15 (9F) n = 15 (8F)

MMSE 25.4 (2.6) 29.3 (0.8)

** 21 – 28 28 – 30

Age 77.5 (6.3) 75.5 (7.9)

65–87 65–89

Education 14.1 (3.1) 15.6 (2.3)

11–18 12–18

CERAD encoding 10.8 (2.8) 21.8 (5.2)

** 6–15 16–30

CERAD recall 0.6 (1.3) 7.4 (2.0)

** 0–4 6–10

CERAD recognition 6.3 (2.6) 9.5 (1.0)

** 3–9 9–10

Trails B 168 (95.7) 86.8 (29.9)

** 74–300 54–104

FAS 34.5 (14.4) 50.1 (12.7)

** 12–60 30–68

CAT 31.0 (9.3) 47.6 (10.0)

** 8–56 38–67

Boston Naming Test 12.4 (2.8) 14.5 (0.9)

* 9–15 13–15

FAS = total score letter fluency for letters F, A, and S. CAT = total scor semantic fluency for categories Animals, Vegetables, and Fruits. Asterisks
signify significant differences between the two groups

**
less than .01

*
less than .05.
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Table 3

Experiment 2 means, standard deviations (in parentheses), and ranges (below) for age, education, and
neuropsychological performance for the Alzheimer's disease (AD) and health older adult (OC) groups.

AD OC

Subjects n = 9 (5F) n = 9 (5F)

MMSE 26.6 (1.5) 29.0 (1.1)

** 21 – 28 28–30

Age 76.1 (6.5) 73.7 (8.7)

65–87 65–89

Education 14.5 (3.0) 15.2 (1.9)

11–18 12–18

CERAD encoding 9.5 (1.9) 23.2 (5.2)

** 6–15 18–30

CERAD recall 0.5 (1.1) 7.9 (1.6)

** 0–4 6–10

CERAD recognition 6.25 (2.9) 9.8 (0.4)

** 3–9 9–10

Trails B 141.0 (65.2) 73.4 (19.1)

** 74–300 57–104

FAS 35.6 (13.7) 44.3 (10.8)

** 12–60 31–68

CAT 29.5 (6.5) 50.8 (10.0)

** 8–56 39–67

Boston Naming Test 11.5 (3.1) 14.8 (0.4)

* 9–14 14–15

FAS = total score letter fluency for letters F, A, and S. CAT = total scoresemantic fluency for categories Animals, Vegetables, and Fruits. Asterisks
signify significant differences between the two groups

**
less than .01

*
less than .05.
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Table 4

The four mental imagery tasks used in Experiment 2, the imagery and cognitive processes thought to be
involved in these tasks, as well as our apriori hypotheses for Experiment 2.

Task Imagery Process Cognitive Process Hypothesis

Letter Curves
image letters of alphabet and
determine whether there is a
curve in the printed version

visual imagery; generation basic mental imagery intact in patients

Taller-Wider
image an object and determine

whether it is taller than it is
wider

visual Imagery; generation;
Inspection basic semantic memory intact in patients

Animal Tails
image an animal to determine
whether its tail is long or short

relative to its body

spatial imagery; generation;
inspection

detailed semantic -episodic
memory; working memory impaired in patients

Clock Angles
image a clock and determine

whether hands would results in
an angle +/− 90 degrees

spatial imagery generation;
inspection; transformation

semantic memory;
visuospatial functioning;

working memory; executive
functioning

impaired in patients
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Table 5

Mean percent correct, standard deviations (in parentheses), and range of score (below) for the Alzheimer's
disease (AD) and healthy older controls (OC) on the Clock Angles (CA), Animal Tails (AT), Taller/Wider
(TW), and Letter Curves (LC) imagery and perceptual tasks.

Imagery Task

CA AT TW LC

AD .68 (.20) .71 (.11) .92 (.06) .90 (.05)

.48 – 1.00 .55 – .90 .79 – 1.00 .85 – 1.00

OC .81 (.18) .86 (.10) .94 (.05) .92 (.08)

.50 – 1.00 .69 – .93 .85 – 1.00 .77 – 1.00

Perceptual Task

AD .94 (.15) .91 (.06) .97 (.04) .97 (.02)

.57 – .98 .79 – 1.00 .88 – 1.00 .94 – .98

OC .95 (.12) .93 (.02) .96 (.06) .96 (.03)

.63 – 1.00 .92 – .96 .83 – 1.00 .92 – 1.00
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