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Abstract

Typically, when people with Alzheimer's disease (AD) ale unable to recognize
their friends and family members, it is attributed to a memory impairment. What is often
overlooked is that AD can affect areas of the brain that are important in visual per-ception.
So, while memory breakdown in the later stages of AD will certainly affect th! abiiity to
recognize individuals, it is also possible that perceptual deficits arå present in AD that
impairs face recognition.

This study compared three groups of participants; a young adult group (7M, gF,
mean age23 years), an older non-neurological control group (5M,7F, nt* age : 74.g2
years, s.D.:8.98), and a group diagnosed with AD (7M,-2F, mean age: sj.gq years,
S.D. : 4.88) on a computerized face-matching task with upright and inverted faces. The
faces were presented in either a frontal, lhtss-quarter or piofile view. The task involved
choosing which of two choice faces matched the targef presented above, regardless of
orientation. Prior to testing, the older control and AD gró.rp, 

"o-pleted 
a famous faces

task.
The results revealed significant differences in performance [F1r,zs¡ : 13.70, p <

0.001] between both the young and older control groups, with the i;ñg being more
accurate (92%) compared to the older group (79.6%). In addition, seven out of nine AD
participants' scores were below the 95% confidence interval of the six oldest participants
in the older control group. For both the young and older groups, as the angle between the
target and choice face increased, accuracy decreased in both upright and inverted
conditions. This consistent orientation effect was not shown with the ÀD g.o.rp. While
six out of nine AD participants were not impaired when faces were presented upright and
no transformation in depth was required, their accuracy signif,rcantþ decreased *ith uny
mental rotation or inversion.

On a famous faces task, these six AD participants \ /ere significantly impaired
compared to the oldest participants in the non-neurological control gio,rp. Inãddition, a
sub-set of the AD patients were tested on a Boston shape tru*ing task and their
performance was impaired relative to existing data on oldár control 

-subjects. 
These

results suggest that with the onset of AD, mental rotation difficulties arise, which may
contribute to perceptual difficulties in face recosnition.
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Chapter 1: Introduction to Face and Object Processing

One aspect of our visual system that we often take for granted is the ability to

perceive objects and faces presented at different views. When we look at an object, or a

person, we almost never do so from exactly the same view twice. Yet despite these

constantly changing scenes, we are able to identify everyday objects and familiar faces

from almost any angle. For example, 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 is not looking directly at you. V/hen you finally make your way towards her

and engage in a conversation, she may turn slightly away for a second. Even though, the

act of your friend turning results in different retinal input, you ate 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. In each of these examples, it is necessary to

understand that although the view of a face or object may change from time to time, it is

still the same face and object that you initially encountered. How one derives a stable

representation despite changes in retinal input is one of the critical questions in vision

science. Our visual system must have a stable representation of the objects and faces that

surround us; while at the same time it needs to be flexible to changes in our visual

environment. In this chapter, I will highlight object and face processing theories, and the

neural correlates associated with both these tasks. Lesion studies that examine the effects

of damage to object and face processing areas will also be discussed.

Object and Face Processing
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It has been suggested that our visual system represents objects as a collection of

independent features, and the spatial arangements among those features, in a three

dimensional coordinate system. But how is it possible to recognize 3-dimensional (3D)

objects given that we only receive 2-dimensional (2D) patterns of light on our retina?

Marr (1982) proposed that the primary goal of vision is to reconstruct 3D scenes using a

hierarchical process that begins with local object features, which are combined into more

complex descriptions of the object. For example, when an object is presented in our field

of view, lines from that object can be combined into contours, contours can then be

combined into surfaces, and finally surfaces are combined into objects. Initially, objects

are in a viewer-centered framework and recognition is determined by the location of the

viewer in relation to the object. As the reconstruction process progresses, not only is the

object representation 3D, but it is also object-centered. This object-centered

representation removes the necessity to undergo the entire reconstruction process if either

the viewer or object angle changes in relation to one another.

Biedermann (1987) used the basis of Marr's (1982) theory to develop the

recognition by components (RBC) theory. This theory has a central assumption not

present in the original Marr (1982) work; that all objects consist of basic components

known as geons. These geons are thought to be limited to a few basic shapes, specifically

cones, spheres, or wedges. Biedermann's theory posits that these basic features (or

geons) of an object are first extracted and then these are compared to a stored

representation of that object in memory.

Although objects are represented as a collectìon of independent features, faces are

represented hoiistically - meaning that features are not functionally independent of each
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other. Evidence supporting holistic processing of faces comes from numerous

experimental paradigms (Young, Hellawell, &, Hay, 1987; Tanaka &. Farah, 1gg3),

behavioural studies that invert faces (Yin,1969; Diamond &, Carcy, 1986; Valentine,

1988), and from neuroimaging studies (Epstein, Higgins, parker, Aguirre, & Cooperman,

2006).

In the composite face paradigm, Young, Hellawell, &. Hay (1987) created

composite faces, where the top half of a famous face (cut below the eyes), was

represented with a bottom half of another famous face. Participants exhibited slower

reaction times in naming the top half of a composite face when it was vertically aligned

with the bottom half of another famous face, compared to when they were not aligned. If

face recognition did not depend on the integration of the face features to make a whole,

participants should have shown the same reaction times regardless of whether the faces

were aligned or misaligned.

In Tanaka & Farah's (1993) whole-part paradigm, participants were initially

shown whole faces that they were instructed to remember. At a later test phase, features

from the initial faces were shown either in isolation or embedded into a face. Participants

were more accurate at recognizing features shown in the context of a face - supporting

the holistic face processing theory.

Additional evidence for the holistic processing of faces comes from inverted face

paradigms. Yin (1969) was the first researcher to f,rnd that matching inverted faces was

more difficult than matching upright faces. Inverting a face impairs ones ability to

decipher the spatial relations between key features of a face (such as the eyes and mouth),

and therefore results in an impairment in holistic processing (Diamond &, Carey, 1986;
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Marotta, McKeeff, Behrmann, 2002: Yovel & Kanwisher, 2005). Although inverling a

face may result in an impairment in holistic processing, the processing of individual

features such as the shape of the eyes or the mouth is not impaired (Searcy & Bartlett,

1996). This implies that inverted faces are processed more like an obiect - as a set of

independent features.

Neural Correlates of Object and Face Frocessing

Objects and faces are both processed in the ventral cortical visual stream, which

projects from the primary visual cortex (V1) to the inferotemporal lobe (Ungerleider &

Mishkin, 1982; Milner & Goodale, 1995). This stream provides the rich and detailed

representation of the world required for cognitive operations such as perception and

identification. Although both face and object processing depends on ventral stream

processing, they each show different neural correlates within this stream.

Neuroimaging investigations reveal that a region in the ventral stream, called the

lateral occipital complex (LOC), is selectively activated by images of objects.

Furthermore the LOC has been shown to respond selectively to intact objects compared to

scrambled objects, or to textures (Kanwisher, Chun, McDermott, Ledden, 1996; Grill-

Spector, Kushnir, Hendler, Malach, 2000; Kourtzi & Kanwisher, 2000). The results from

these studies further imply that the LOC is activated by the shape of an object rather than

by the visual features such as luminance, motion, texture, or stereoscopic depth cues.

This was confirmed by Kourtzi & Kanwisher (2001) who found adaptation in the LOC

when participants viewed two objects with the same perceived shape but differing
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contours. However no adaptation was found when participants viewed objects with the

same contours, but different shapes.

In contrast to objects, multiple cortical regions in the right hemisphere have been

shown to be involved in face processing. These regions include the fusiform cortex,

superior and middle temporal cofiex, parietal cortex, prefrontal cortex (Kanwisher,

McDermott, chun 1997; Allison, puce, spencer, Mccarthy, 1999; Gauthier &.Tarc,2002:

Rhodes, Byatt, Michie, Puce, 2004), and the occipital face area (oFA) (steeves, culham,

Duchaine, et aL.2006). Researchers have also noted that when viewing faces, an area in

the extrastriate cortex in the right fusiform gyrus is consistently activated. This area is

now labeled the "fusiform face aÍea," (FFA) and has further led to the conclusion that it is

specialized for face processing (Kanwisher, McDermott, chun, 1997; Mccarthy, puce,

Gore, Allison, 1997).

Others have argued that the FFA is not only activated in response to faces, but

also with any visual stimuli that shares the same conf,rguration as a face, or for which the

observer is an expert (Tan &. Gauthier,2000). For example, Gauthiet,TaÍr, Moylan, et

al. (2000) observed higher activation in the right FFA and the right oFA of bird and car

experts when viewing stimuli that were in their domains of expertise compared to stimuli

outside of their expertise. A positive correlation was also found between the years of

experience with these stimuli and amount of activation in the right FFA and OFA

(Gauthier, et al',2000). This "expertise" in a stimulus class can also be trained in the lab,

and will activate the same areas that are activated when viewing faces.

Gauthier and Tarr (2002) trained participants in the recognition of Greebles which

are novel 3D rendered objects sharing similar features with each other. Greebles consist



ADDURI, Cassandra 6

of a vertically oriented "body" and four appendages, protruding from the body. Just like

faces, in order to differentiate between Greebles, additional details like the relational

information between the appendages (features) are assessed (Gauthier &. T¿¡¡r, 2002).

Gauthier &' Tarc (2002) found a positive correlation between the amount of training, and

activation in the FFA and the OFA. These findings suggest that the FFA is not a face

specific area, but instead is an experlise area, which will show increased activations

depending on the observer,s experience with the stimuli.

It has been suggested that when viewing inverted faces, we may process them

more like an object. This is further supported by neuroimaging studies, which have

found that face inversion leads to the recruitment of the LOC object area, and the right

middle fusiform object area, with no change in activation shown with the FFA for upright

versus inverted faces (Epstein, Higgins, Parker, et al. 2006). Despite these results

showing no change in activation in the FFA for viewing upright versus inverted faces,

there have also been studies that show a slightly smaller activation pattern for matching

inverted compared to upright faces (Kanwisher, Tong, & Nakayam a, l99g; yovel &

Kanwisher,2005).

Viewpoint Theories

Many different theories have been suggested to explain how we recognize objects

and faces across different viewpoints. These theories look at the relative importance of

the observer's viewpoint in this process (Tarr & Pinker, 1989; Gibson & peterson, 1994;

Logotheitis & Sheinberg, 1996), that is, the role that mental rotation has in recosnition.
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These accounts can be grouped into viewpoint-independent and viewpoint-dependent

theories, and both will be discussed.

Some researchers have argued that object recognition is independent of the angle

in which it is portrayed (Marr, 1982; Biederïnan, 1987). Such viewpoint-independent

processing would allow for easy object recognition even if the object is shown in a

different location, orientation, or size. Man (1982) proposed that we possess stored

knowledge of objects in various orientations, and it is not the axis of the object that is

important but rather the parts that are important. Therefore, if an object has been stored

in memory, viewing the object at different orientations will not affect recosnition times

(Burgund & Marsolek, 2000).

In contrast to viewpoint-independent theories, viewpoint-dependent theories

predict that as you deviate from a preferred or canonical view of an object, errors and

recognition times increase (Shepard &.ly'retzler,797I; Tarr & Pinker, 1989; Bulthoff &

Edelman, 1992; Bruce & Humphreys, 1994; Trcje & Kersten, rggg). viewpoint-

dependent theories place a great deal of importance on the ability to mentally rotate

objects and faces for successful recognition. These theories assume that upon viewing an

object, the observer will mentally rotate the object to a stored canonical orientation for

recognition (Shepard &.Metzler,I971;Tarr &, Pinker, 1989; Bulthoff & Edelman. 1992:

Bruce & Humphreys,1994; Troje & Kersten, 1999).

Evidence exists to support both viewpoint-independent and viewpoint-dependent

theories. When participants are presented with an object in their left cerebral hemisphere

(right visual field), and are later shown the same object at a different orientation,

recognition times do not change (Burgund & Marsolek, 2000). In contrast, if participants
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perform this same task, but with the right cerebral hemisphere (left visual field),

recognition times increase. These results suggest that the left cerebral hemisphere

contains a viewpoint-independent system, and the right contains a viewpoint-dependent

system. Both systems are independent of each other, and they can both be used in

recognizing objects (Burgund & Marsolek, 2000).

Although it is debated whether object recognition is viewpoint-independent or

viewpoint-dependent, face recognition has been shown to be mediated by viewpoint-

dependent mechanisms in the right hemisphere (Kanwisher, McDermott, Chun 1997;

Allison, Puce, Spencer, Mccarthy, 1999; Leveroni, Seidenberg, Mayer, et al., 2000;

Marotta, Genovese, & Behrmann,200l; Rhodes, Byatt, Michie, puce, 2004). Therefore

as the angle of a face increases from a canonical or prefened view, recognition times and

errors will also increase.

In further support of faces being viewpoint-dependent, the literature suggests that

the 3/+ view may be a canonical view in which faces are easier to recognize. Participants

are significantly more accurate and have faster reaction times when processing % views

of faces compared to any other view (Baddetey & Woodhead, 1983; Bruce, Valentine,

Baddeley, 1987; Troje & Bulthoff, 1996; o'Toole, Edleman & Bulthoff, 1998). The3/+

view is often used to depict faces in portraits of people, and it may be that the 3/+ view

shows important features of a face that are useful in face processing (Hill, Schyns, &

Akamatsu, 1997). Furthermore, neuroimaging investigations parallel behavioural studies

by also suggesting this% view preference (Kowatari, Yamamoto, Takahashi, et a1.,2004;

Pourtois, Schwarlz, Seghier, et al., 2005).
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As was previously mentioned, mental rotation is important in both object and face

processing. Neuroimaging studies with neurologically intact individuals have shown that

mental rotation tasks activate the parietal lobe and the superior temporal lobe, which are

cortical regions of the dorsal visual processing stream (Butters, Barton, & Brody, 1970;

Ratcliff, 1979). This stream runs from V1 to the posterior parietal cortex (Ungerleider &

Mishkin, 1982; Milner & Goodale, 1995) and is primarily concemed with the perception

of spatial information, and mental rotation (Milner & Goodale, 1995).

Mental R.otation

In the laboratory, mental rotation is often tested by using the Shepard and Metzler

(I97I) stimuli which consist of pairs of 3-D shapes. Participants are asked to determine

whether the two shapes are the same or are mirror images of each other. A nearly perfect

linear relationship is reported between same/different discriminations, reaction times, and

the increase in deviation of presentation angle between the shapes. In other words, as the

presentation angle increases between the two shapes reaction times to decide if these

shapes are identical also increases (Shepard &, Metzler, l97l). Similarly, research has

also shown that as the angle between two faces increase, reaction times in deciding if the

two faces are the same or different also increase, while accuracy in the decision will

decrease (Troje, & Bulthoff, 1996; Troje, & Kersten,1999; Marotta, et al., 2002). These

findings support viewpoint-dependent processing in identifying both shapes, and faces.

Mental rotation tasks are also given to non-neurological older control populations to view

how the ability to rnentally rotate objects may change with age.
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Aging, Mental Rotation, and Visual Perception

Several studies have shown that older adults have increased reaction times in

comparison to younger adults when completing mental rotation tasks (Craik & Dirkx,

1992; Dror & Kosslyn, 1994; sharps & Nunes, 2002). Dror, Schmitz - williams, &

Smith (2005) tested a group of older participants (mean age of 70) and a group of younger

adults (mean age of l8) on a mental rotation task, with simple and complex 2D images.

The younger adults found complex images more difficult to rotate (as assessed by their

accuracy) compared to simple images. However the older adults did not show a reduction

in accuracy when rotating complex compared to simple images. The f,rndings from this

study were interpreted as the younger adults using a parts-based approach in mental

rotation tasks, therefore resulting in reduced accuracy with complex compared to simple

images. In contrast, the older adults may use a holistic approach, and therefore the

pattern of responding with simple and complex images did not differ.

Although the older participants' accuracy did not decrease with complex

compared to simple images, longer reaction times were observed in the older group. The

increase in reaction times shown in this task, as well as other tasks (Craik & Dirkx, 1992;

Dror & Kosslyn, 1994; Sharps & Nunes, 2002) could be the result of changes which

occur in the adult eye.

There are a number of changes that occur in the adult eye to make it function less

efficiently. The crystalline lens of the eye will get thicker and more yellow, resulting in

light being scattered when it enters the eye. This in turn results in more light required to

permeate the eye. Studies also show that the ability of the eye to adapt to darkness

declines with age (Jackson, Owsley, McGwin, 1999). Visual acuity and spatial resolution
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also decline with age (Klein, Klein, &. Lee; 1996; Haegerstrom-Portnoy, Schneck, Lott,

Brabyn, 2000; Foran, Mitchell, Wang, 2003). One of the most conilnon changes in the

adult eye is presbyopia, which is a loss of focusing ability when viewing objects at near

distances. This gradual loss in focusing ability usually starts in the teenage years, but does

not cause serious problems until the person is in their 40's (Jackson & Owsley, 2003). In

addition, there can also be pathological changes which impair vision in older adults. Two

of the most common pathological changes are cataracts, and Glaucoma.

A cataract results when the normally clear crystalline lens in the eye becomes

opaque. Cataracts will decrease visual acuity, contrast sensitivity, and inclease disability

glare (Rubin, Adamsons, Stark, 1993). By age 75, almost half of adults will be in the

beginning stages of a cataract, and almost a quarter of this population will be in the

advanced stages of a cataract (Kahn, Leibowitz, Ganley, et al. 1977; Klein, Klein, &

Linton, 1992). A cataract is treatable, by surgical removal, and insertion of an intraocular

lens.

Another common eye disease which can be seen in older adults is Glaucoma,

which unfortunately is irreversible. This disease impairs the peripheral visual field,

flicker sensitivity, motion perception; color vision, contrast sensitivity, and will

eventually impair visual acuity in central vision (Johnson, 2001). It is estimated that

approximately 6.7 million people worldwide are blind bilaterally from Glaucoma. In

addition, another 67 million people are affected by Glaucoma, with half of these people

unaware of this (Quigley, 2000).

It is possible that with the changing adult eye, perception will definitely be

affected. Therefore when older adults complete mental rotation tasks, or tasks requiring
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object or face processing, longer reaction times will be observed. In a few cases it is also

possible to have brain damage in specif,rc areas of the brain that interferes with the normal

perception and/or recognition offaces or objects.

What happens whe¡r object or face processing systems bneak down?

The strongest evidence for faces and objects being processed in two separate

areas of the brain comes from neuropsychological investigations of patients who have

either bilateral or unilateral brain damage due to injury such as stroke. These patients

often show selective deficits in either face or object processing. For example, one of the

most famous cases is CK, who suffers from object agnosia (difficulty with object

identification), but has normal face identification abilities. Moscovitch, Winocur, and

Behrmann (1997) found that CK was able to process faces when presented upright, when

presented as photographs, caricatures, cartoon characters, and when they were made from

objects (such as fruits and vegetables). Consistent with CK's deficit, when objects are

represented together to resemble a face, CK is unable to recognize this "façe" as being

comprised of objects. These findings suggest that if pictures (such as caricatures or

cartoon characters) have similar features that are found on faces (eyes, nose, and mouth),

the face processing or holistic system is activated. Just like there can be patients who

have object processing deficits, there are also patients who have specific face processing

deficits with spared object processing.

Bodamer' (1947) (translated by Ellis & Florence, t 990) originally coined the term

Prosopagnosia as meaning a disorder which results in the inability to recognize a

previously familiar face. These patients have impaired face recognition abilities that are
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often accompanied with spared object recognition abilities. Prosopagnosia was

traditionally associated with bilateral damage to the inferior temporal cortex, in particular

the fusiform gyrus (Benton 1980; Damasio, Damasio, & Van Hoesen 1982). However

unilateral damage in the same region of the right hemisphere is also sufficient to bring

upon this deficit (De Renzi, 1986).

Some people with Prosopagnosia are impaired at assigning names to faces, while

others have a more basic deficit that impairs their ability to discriminate between faces, or

decide if two faces are the same or different. One explanation for these latter deficits is

that they have an impairment in representing faces holistically (Gross, Rocha-Miranda,

Bender, 1972). Damage to the holistic system may result in people with prosopagnosia

relying on a feature or part-based mechanism to process faces (Tan aka &. Farah, 1993;

Moscovitch, Winocur, Behrmann, 1997). In fact when viewing faces, patients with

Prosopagnosia will show decreased activation in the fusiform gyrus compared to normal

controls. There will also be more activation shown in the fusiform gyrus of the left

hemisphere, which confirms that people with Prosopagnosia are relying on a featural

analysis of faces (Marotta, Genovese, Belrmarur,2001).

Consistent with the findings that people with Prosopagnosia may be using parts-

based approaches to recognize faces, they are able to name the parts of the face such as

the eyes or the mouth (Whiteley & Wanington, 7977; Damasio et al. 1982). Although

people with Prosopagnosia recognize that they are viewing aface,they are unfortunately

only able to recognize features of the face, without perceiving the gestalt or whole of the

face. To compensate for this, they will rely on other contextual cues such as voice
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recognition or watching a person's gait (Damasio, et al. 1982) in order to recognize the

person that they are looking at.

Face processing difficulties also occurs in one of the most prevalent diseases;

Alzheimer's disease. As Alzheimer's progresses, these patients often find it difficult to

recognize their friends and family members, a deficit often attributed to memory loss. In

the next chapter Alzheimer's disease and its progression will be discussed. As well,

literature will be presented on how people with Alzheimer's disease complete object and

face processing tasks.

Chapter Surnrnary

Our ability to process both objects and faces everyday is astounding considering

that often we only see partial views of these stimuli, or we see them portrayed at different

angles. This chapter served as an introduction for both how we perceive and recognize

objects and faces. Literature was presented on how object processing is more parts-

based, in comparison to face processing which relies on holistic processing.

Neural correlates of both objects and face processing were discussed, with studies

showing the LOC being activated by object stimuli, while the FFA and OFA being

important for face processing. Since we often see both objects and faces portrayed at

different angles, theories on mental rotation and viewpoint were also presented. Although

the literature supports objects being viewpoint-independent, and viewpoint-dependent,

face processing is strictly considered to be viewpoint-dependent.

The end of this chapter discussed specific studies with patients who have lesions

to object processing areas, with spared face processing, damage to face processing areas,
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with relatively spared object processing. Alzheimer's disease was introduced briefly as a

disease where patients find themselves having face processing difficulties. In the next

chapter of this thesis, Alzheimer's disease will be discussed.
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chapter 2: Alzheimer's disease and the changing visual world

Alzheimer's disease was described over 100 years ago by the neuropathologist

and psychiatrist Alois Alzheimer. Dr. Alzheimer had described a 5l-year--old woman

named August D. who showed progressive memory deficits. Upon autopsy, sections of

the cerebral cortex including sections containing the frontal, parietal, occipital lobes, the

cerebellum and spinal cord were examined. Light microscopic examination of these

tissue sections revealed numerous amounts of intracellular neurofibrillary tangles, and

extracellular amyloid or neuritic plaques within the upper cortical layers. Both

neurofibrillary tangles and neuritic plaques became hallmarks for this disease. This case

was the first documented case of presenile dementia, which Emil Krapelin (Alois

Alzheimer's colleague) would later name Alzheimer's disease (reviewed bv Graber-

Kosel, Grasbon-Frodl, Moller, Mehraein, l99g).

In today's world, Alzheimer's is a widely prevalent disease. It is the most

common form of dementia, accounting for approximately 50-60% of all cases (Ferri,

Prince' Brayne, et al' 2005). In 2001 more than 24 mlllionpeople were diagnosed with

dementia. This number is expected to double every 20 years due to increased life

expectancy. It is predicted that in the year 2040, there will be 8t million people with

dementia (Ferri, Prince, Brayne, et aL.2005). Alzheimer's disease is a neurodegenerative

disease that progressively destroys a person's memory, ability to leam and reason, make

judgments, communicate, and carry out daily activities. Memory is often what is affected

first, followed by a progressive decline of executive functions, language, and visuos patial

skills (von Gunten, Bouras, Kovari, et a1.,2006).
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The neurodegeneration that is associated with AD most likely starts approximately

20-30 years before any visible signs occur. During this stage there is a progressive

increase ofplaque and tangles. V/hen these plaques and tangles reach a critical threshold,

an onset of symptoms occur, which include a progressive impairment in episodic

memory, signs of aphasia, apraxia, and agnosia. In addition, there is impaired judgment

and decision making, and orientation. AD can be divided into three different stases that

include, mild, moderate, and severe (Reisberg, Franssen, Bobinski, et al. 1996)

Early and mild stages of AD are characterized, by cognitive dysfunction, most

frequently involving memory, and functional impairment. Neuroimaging studies in early

and mild AD have revealed structural changes in the medial-temporal brain regions.

Postmortem examinations have reported the presence of characteristic neurofibrillary

tangles in the amygdala and temporal cortex, with propagation to other brain r.egions in

moderate AD (Ball, 1977).

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 gradually get worse as

the final or late stage of the disease begins. People with AD at the late stage will often

have a different personality, and may show psychological symptoms such as

hallucinations and delusions, which is often accompanied by depression (Steele, Rovner,

Chase, et al. 1990).

Since the time of this disease being discovered over 100 years ago, it has become

a widely prevalent disease. In addition, research on this disease has been immense;

however there is unfortunately still no cure for AD. This chapter will be an overview of



ADDUzu, Cassandra 18

the epidemiology of AD, possible causes, neuropathology, and diagnosis of the disease.

Additionally, research will be presented on how people with AD perform on visual tasks

such as object recognition, face recognition and mental rotation.

Epidemiology of Alzheimer's disease

The most obvious risk factor for the disease is age. In individuals between 60 to

64 yeats of age, the prevalence is below lolo. However in individuals who are older than

85, this increases to approximately 24-33% (Mayeux, 2003; Mortimer, Snowdown,

Markesbery, et a1.,2003). There are two forms of Alzheimer's, sporadic and familial; the

sporadic form accounting for the majority of cases, while the familial form accounts for

less than lYo of AD (Harvey, Skelton-Robinson, Rossor, 2003). Both forms show the

same neuropathology, and the same symptoms. However different ages of onset and

genetics are associated with the each form.

Genes imptricated in .dlzheimer's

There are five known genetic risk factors that are implicated with the disease. The

first three genetic risk factors include mutations in the amyloid precursor protein (App)

gene on chromosome 21, presenilin-l gene on chromosome 14, and presenilin 2 gene on

chromosome 1. These three mutations are associated with familial AD, with onset before

age 65 (Shenington, Rogaev, Liang, et al., 1995; Levy-Lahad,, wasco, poorkaj. et al.,

1 995).

APP was the first gene associated with the familial form of the disease (Goate,

Chartier-Harlin, Mullan, et al., 1991). However, this mutation is rare, with only a few
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dozen families worldwide possessing this mutation (Selkoe, 2001). What are more

commonly found in people exhibiting the familial form are mutations in either the

presenilin-1 or presenilin-2 genes (Hardy, 1997).

The last two genetic risk factors have been implicated in both early-onset sporadic

AD, and late-onset familial AD. One of the genetic risk factors includes possession of

apolipoprotein E (apoE) e4 allele found on chromosome 19. There are three types of

apolipoprotein E (e2, e3, e4), with apoE-e3 being the most common in the general

population (allelic frequency 0.7S). The apoE-e4 allele is less commonly found, with an

allelic frequency of 0.14. In addition 40o/o of patients who have AD also have at least one

apoE-e4 allele. Studies have shown that possession of the e4 allele may increase the

chance of getting sporadic AD (Corder, Saunders, Strittmatter, et al., 1993; poirier,

Davignon, Bouthillier, et. al., 1993). In people who were heterozygote for e4 (one copy

of e4), the risk of getting AD was increased by three times. In people who were

homozygote for e4 (two copies of e4) chances were increased by 15 times (Farer,

Cupples, Haines, et al., 1997). It is believed that this allele operates by lowering the age

of onset, with each copy of the allele lowering the age by approximately 10 years

(Corder, Saunders, Strittmatter, et al., 1993). The second less commonly found genetic

risk factor implicated in sporadic AD is possession of a mutation for a gene on

chromosome 12that encodes alpha-2-macroglobulin (Rogaeva, Premkumar, Song, et al.,

i998). Although both familial and sporadic forms of the disease have differenr genes

associated with each of them, the diagnosis and neuropathology of both forms are

identical.
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Diagnosis

Probable diagnosis is made by using the National Institute of Neurological and

Communicative Disorders and Stroke-Alzheimer's Disease and Related Disorder

Association (NIINDS-ADRDA) criteria (McKhann, Drachman, Folstein, et al., 1gg4).

The diagnosis of probable AD includes the clinical diagnosis of dementia which is

documented by neuropsychological tests such as the Mini-Mental Test (Folstein, Folstein,

McHugh, I975), Blessed Dementia Scale (Blessed, Tomlinson, Roth, 196g), or a similar

examination. There must be memory impairment present which has worsened at a slow

rate and cognitive decline in at least two behavioural domains (e.g., memory, language,

visual spatial abilities). There must be no disturbances of consciousness, and age of onset

is usually between 40 and 90 years old.

There are conditions that can mimic AD such as severe depression, which results

in memory loss and impaired cognitive functioning (McKhann, Drachman, Folstein, et

al., 1984). Additionally tumours, subdural hematomas, hydrocephalus, and stroke can

also result in dementia. Therefore, initially with the use of the NINDS-ADRDA criteria,

in order to assign a diagnosis of probable AD, it was deemed essential that neuroimaging

techniques be used. CT and MRI scans were used in conjunction with the NINDS-

ADRDA criteria in order to rule out causes of dementia other than AD (McKhann.

Drachman, Folstein, et al., 1984).

The diagnosis of probable AD is further supported by progressive decline in

cognitive functions including language (aphasia), motor skills (apraxia), and perception

(agnosia) (McKhann, Drachman, Folstein, et al,1984). An alternative diagnostic tool

for probable AD is the Diagnostic and Statistical Manual 4th edition text revision (DSM-
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IV-TR) developed by the American Psychiatric Association. In the DSM-IV-TR, the

criteria for dementia of the Alzheimer's type include development of multiple cognitive

deficits, which are manifested by memory impairment and disturbances in executive

function. At least one sign of aphasia, apraxia, or agnosia must also be present. Some

studies have shown that clinical diagnosis can be as low as 47Yo accurate, while others

have shown that clinical diagnosis can be over 90Yo correct (Burns, Luthert, Levy,

Jacoby, & Lantos, 1990; Joachim, Morris, & Selkoe, 19gg; Mosla, paljarvi, Rinne, Rinne,

& Sako, 1985).

Although imaging techniques were once used to facilitate the diagnosis of

probable AD, there has recently been an attempt to use brain imaging techniques to

predict AD. Imaging studies have examined longitudinal changes in whole brain volume,

hippocampal and entorhinal cortical volume, as predictors of AD. What has been f'ound

is that in comparison to nonnal controls, the whole brain volumes are on average smaller

in AD patients. The rate of whole brain atrophy also occurs at twice the rate in AD,lo/o

per year as opposed to 0.5Yo per year in normal aging (Fotenos, Snyder, Girton, Morris. &

Buckner, 2005)- This knowledge has been used in a brain boundary shift integral (BSSI)

method, in which a volume subtraction of brain images is taken at different time-points

(Fox, Freeborough, Rossor, 1996). These studies reveal faster rates of atrophy in AD

patients compared to controls. Using this method in populations who are destined to

develop AD (such as patients with the autosomal dominant gene for familial AD), also

show the same amount of atrophy compared to AD patients (Fox, Warrington, Rossor,

1 999).
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People with mild cognitive impairment (MCÐ are known to have an increased risk

of AD compared to the general population. Mzu volumetric measurements of the

hippocampus and entorhinal cortex have shown that MCI patients with smaller

hippocampal volumes were at greater risk for developing AD compared to those with

larger hippocampal volumes (Jack, Petersen, Xu, o'Brien, Smith, Ivnik, et al., 1999). In

later studies faster atrophy rates in the hippocampal regions were found in MCi patients

who progressed to probable AD compared to MCI patients who did not progress to AD

(visser, verhey, Hofman, Sheltens, Jolles, 2002; Jack, Shiung, Gunter, o,Brien,

Weigand, Knopman, 2004). Similar findings have been reported, which show that

entorhinal cortex volume predicts conversion from MCI to AD (deToledo-Morell, Stoub,

Bulgakova, et a1.,2004). These results suggest that repeated imaging can detect changes

in brain regions that are susceptible to AD before visible signs of the disease occur.

A few studies have utilized the functional interactions between brain areas as a

diagnostic tool for AD. For example, Azari, Pettigrew, Schapiro, et al., (1993) had found

that patients with mild to moderate AD showed a decrease in activation between frontal

and parietal association cortices relative to non-neurological controls. Grady, Furey,

Pietrini, et al., (2001) found that AD patients, in comparison to non-neurological controls

had a functional disconnection between the hippocampus and the prefrontal coftex.

Although MRI is a good tool for diagnosing and predicting the onset of AD other brain

imaging techniques such as Positron emission tomography (PET) is also useful, especially

in differentiating between types of dementia, such as frontotemporal dementia versus

Alzheimer's disease (Silverman, Small, Chang, et aI.2001; Minoshima, Foster, Sima, et

al', 2001). Despite the probable diagnosis of AD being made by using the NINCDS-
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ADRDA criteria or DSM-IV-TR, the definite diagnosis of AD can only occur by

performing an autopsy where the neuropathology is examined.

Neuropathology of Alzheimen,s disease

As was previously stated, the areas of the brain that are targeted in Alzheimer's

are the medial temporal lobe and other areas including the neocortex, entorhinal area,

hippocampus, amygdala, nucleus basalis, anterior thalamus, and several brain stem

monoaminergic nuclei. What is often found in these areas, are amyloid plaques which are

made from the amino acid amyloid beta (Ap) and neurofibrillary tangles, made from tau

protein.

Amyloid plaques are mainly deposits of amyloid beta 42 (Aþ42), with some AÊ40

found extracellularly within the brain, in particular in the timbic and association cortices

(Dickson, 1997)' These plaques are associated with both axonal and dendritic injury.

The diameter of these plaques can be as little as 10¡rm to as great as >120¡rm (Selkoe,

2001).

Neurofibrillary tangles are intracellular; nonmembrane bound organelles of

abnormal fibers, which are composed of the protein tau (Grundke-Iqbal, et. al., 19g6).

In the beginning stages of the disease neurofibrillary tangles a¡e found in neurons of the

entorhinal cortex, which projects to the hippocampus. At later stages these neurofibrillary

tangles are found in the neocortex (Blennow, Leon, 2006).

Flypotheses for causes ofdisease

The most prominent hypothesis for what causes the neuropathology associated

with the disease is the amyloid cascade hypothesis. This hypothesis posits that
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accumulation of AB in the brain is the primary influence driving AD pathogenesis. This

accumulation causes an imbalance between the production and disposal of Aß. which

over time will lead to an accumulation of plaques.

Farnilial Alzheimer's. Since the familial disease has been theorized to have

mutations in the genes for APP and presenilin 1 and 2, it is hypothesized that these genes

will contribute to the accumulation of AB in the brain. This will result in a lifelong

increase of Aþ42, which will eventually get to toxic levels in the brain and lead to plaques

(Rovelet-Lecrux, Hannequin, Raux, et aL.2006). There is support in this hypothesis by

examining mouse models in which there are mutations in either the APp gene or

presenilin genes' These mice will show increases in AB over the course of their lifetime

(Kouznetsova, Klingner, Sorger, et al. 2005). Once the process has been started to reach

the toxic levels of AB, the same outcome of AD will be reached regardless of weather or

not you have the familial or the sporadic form of the disease. However, how the process

is started is slightly different between both forms.

Sporadic Alzheimer's. Since sporadic AD is generally implicated with the ApoE-

e4 allele, it has been hypothesized that perhaps the apolipoprotein directly interacts with

AB and facilitates in plaque formation. This has been suggested because in mouse models

where they are e4 deficient, less amyloid protein is found (Bales, lggT). According to

another hypothesis e4 may increase the risk of the disease because e4 may be less

efficient in clearing AB frorn the brain, via the ApoE receptors (Andersen & Willnow,

2006). Therefore, there will be an accumulation of AB in the brain, which could result in

toxicity and lead to the accumulation of plaques.
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The first part of this chapter served as an introduction on what Alzheimer's

disease is. Hallmarks of the disease such as neurofibrillary tangles, and amyloid plaques,

and the hypotheses of what causes AD were also discussed. In the next part of this

chapter, I will present some literature on how people with AD perform on behavioural

tasks involving object and face recognition, and mental rotation.

ob.iect recognition and mental rotation in Alzheimer's disease

Given that AD is associated with extensive damage to the medial temporal lobe,

and to the association cortices of the frontal, temporal and parietal lobes, it may not be

surprising that many people with AD have diffrculty with both object recognition, and

with mental rotation tasks. Early on in the disease there are often problems in naming

familiar objects. Further investigation with object naming in AD revealed that objects

learned earlier on in life have an increased chance of being named correctly compared to

objects learned in later life (Holmes, Fitch, Ellis, 2006). Perhaps one of the contributing

factors of being unable to name these objects is derived from the inability to mentally

rotate these objects.

When people with early to moderate stages of AD are shown shapes at the same

angle to each other and are asked to discriminate between them (i.e., same or different),

they are as accurate as an age matched control group (Murphy, Kohler, Black, & Evans,

2000; Tippett, Blackwood, Farah, 2003). However when these shapes are rotated to

different presentation angles, a very different story emerges. An investigation by

Murphy, Kohler, Black & Evans (2000) revealed that AD affects patients' space and

object perception and their ability to mentally rotate an object. AD patients demonstrated



ADDURI, Cassandra 26

a difficulty distinguishing between identical non-symmetrical shapes (called Blake

shapes) when they were presented at different orientations. This deficit, commonly

termed orientation agnosia can also be seen when AD patients replicate simple pictures.

Their drawings can be rotated to different presentation angles from the original. Some

patients will even rotate their drawings 90 or 180 degrees from the original drawing.

(caterini, sala, spinnler, Stangalino & Turnbull, 2002; Della sala, Muggia, Spinnler,

Zufft,1995).

Additional support of AD patients having difficulty with mental rotation tasks is

derived from Caterini et al, (2002) who gave participants with mild to moderate AD

object recognition tasks, where they had to visually identify objects rotated at various

rotation angles, provide the canonical orientation, and mentally rotate objects.

Approximately 85%o of the patients had a poor perforïnance on all three tasks. In

addition, Lineweaver, Salmon, Bondi, el al., (2005) found that as the angle of deviation

increased between objects, the accuracy of the AD patients abnormally decreased relative

to their age matched controls. Despite this difflrculty with mental rotation, the speed on

correct trials shown with the AD patients did not significantly decrease compared to the

controls. This suggests that people with AD do not suffer a significant decrease in

visuospatial information processing speed.

As outlined in chapter one, it has been suggested that when viewing objects, our

visual system uses a local processing or recognition by components strategy. In contrast,

when viewing faces we rely on a global processing or holistic. In people with AD, there

is a reported bias towards local processing - individuals are more accurate at responding

when a task relies on local compared to global processing (O'Brien, et a1.,2001; Slavin,
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et al., 2002). If people with AD have mental rotation difficulties and have a more local

processing advantage compared to global processing, how will they do on a task which

requires both mental rotation and global processing. One such task would involve

matching of faces presented in different orientations.

Atrzheimer's and face recognition

AD studies of face recognition have ranged from famous faces tasks (Fahlander,

'Walin, et al., 2002), to using space-retrieval methods to associate specific faces with

actual names (Hawley & Cheny, 2004). Relative to older controls, AD participants are

unable to name as many famous faces correctly. Semantic and phonemic cueing does not

aid in the name or identification of these famous faces (Hodges, Salmon, Butters, 1gg3).

In a study by Fahlander, Wahlin, et al. (2002), participants with AD were shown 40

famous faces for f,tve seconds each in a study phase, and were instructed to remember

each face. Immediately after the study phase participants were shown 40 faces, which

included some distractors, and some from the original 40. Participants were instructed to

say "yes" if these faces were in the study phase and "no" if they were not shown in the

study phase. The AD participants showed a significant reduction in accuracy compared

to their age matched control group. Although AD participants were impaired at this face

recognition task, a study by Hawley & Cheny (2004) showed that people with AD can

learn to associate names with faces.

Hawley & Cheny (2004) took six participants with probable AD and investigated

if these participants were able to learn the names of people shown in photographs. These

investigators used a space-retrieval method; participants had to pick a targetpicture (from
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eight other pictures), and say the name of this person at increasingly longer retention

intervals' This was done for two weeks, and the results showed that as training increased,

participants were able to correctly select the photograph when they were given the name,

and they were able name the person in the photograph over longer intervals.

Additionally, half of the participants were able to transfer this training and recognize the

actual person when they later saw them.

While both these studies show that people with AD are impaired at face

recognition tasks, they both assume that they are only impaired because of a memory

irnpairment' However, in order to successfully recognize faces around us, the ability to

mentally rotate faces is essential. Since people with AD show impairment in mental

rotation with objects, is it possible that this impairment may also contribute to their

diff,rculties with recognizing faces? Furthermore is it possible that people with AD may

have a canonical or preferred orientation for face processing such as the %view?

To our knowledge, there have only been a couple of studies which have examined

AD patients' ability to match faces presented in different orientations (Della Sala,

Muggia, Spinnler, et al. 1994; Tippett, Blackwood & Farah, 2003.) A recent study has

shown that relative to viewing scenes, AD participants in early stages of the disease are

not impaired during a face recognition task when required to choose the odd-one-out of

four faces' These four faces could be presented at the same angle to each other, or could

be presented at different angles, and these AD participants were not significantly

impaired (Lee, Buckley, Gaffan, et a1.,2006). In contrast, when AD participants viewed

four scenes, and were required to pick the odd-one out they showed an impairment when
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scenes were either presented at the same or different angle relative to each other (Lee,

Buckley, Gaffan, et al., 2006).

Chapter Surnmary

In this chapter, a brief introduction of the epidemiology of AD, the genes

implicated' diagnosis, and the neuropathology were presented. Additionally, some

literature on object recognition, mental rotation, and face recognition were also discussed.

In the next section, I will describe the paradigm used in our study. The results will be

presented, which will be followed by a discussion and implications of our results.
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Chapter 3: Ðescription of study

In a pilot study, we compared a young adult population (mean age 20) and an

older non-neurological population (mean age 72) in a face matching task with upright and

inverted faces shown at different orientations. Response speed and accuracy were

measured. The results revealed that overall the older adults were much slower. and

showed a trend towards producing more response effors.

Methodological issues arose in the pilot study, which were addressed in the

current study. In the pilot study, the exposure time for the faces was unlimited and

participants in the older group often took an exceedingly long time to respond, perhaps to

try and improve their accuracy. The unusually long reaction times of some participants

may have overshadowed other pattems of behavior, so the current study limited viewing

time to 10 seconds.

In the pilot study, all participants made their responses on the keyboard. This was

not a problem for the young adult population, however for the older adult population

there was some intimidation over using a computer keyboard. Since some of the older

population had limited experience with computers, quite often they would press the

wrong keys. Therefore, in the current study, we used a USB keypad, with the response

kevs clearlv marked.

Ë{ypotheses.

1) The results from the pilot study suggested that there was a general decline in face

matching performance with age. Therefore, we predict that the older controls will be less
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accurate when performing the rotated face matching task compared to the young control

group.

2) Previous studies have shown that people with AD have difficulty with mentally

rotating objects. Therefore, in our face mental rotation task we predict that the AD

participants will be less accurate compared to the two non-neurological control groups.

3) As was previously stated, the 3/c view is thought to be a canonical view for faces.

Even though the AD group may have an overall poorer performance compared to the two

non-neurological groups, they may show a critical presentation angle for face matching,

where judgments are the most accurate.

Method

Farticipants.

Three groups were tested in this study, a young adult population, an older non-

neurological control group, and a group diagnosed with probable Alzheimer's disease.

All participants were right handed, which was assessed by what the participant repofted to

the experimenter when signing consent forms (Appendix A), or when filling out a health

questionnaire (Appendix C).

Young Group

Fifteen undergraduate university students were recruited from the University of

Manitoba introductory psychology classes. There were seven males, and eight females,

(age range 19-27, mean age 23 years), who participated in exchange credit towards a

course requirement.

N o n-ne ur o I o gic al contro I gr o up
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The non-neurological control group consisted of individuals' over 60, with no

signs of Alzheimer's or any other neurodegenerative disease. This group was recruited

from the Centre on Aging, at the University of Manitoba. There were 12 participants,

five males, and seven females. The mean age \ilas 74.92 years (S.D.:8.98), and mean

education was 13.08 years (S.D. :4.38).

Alzheimer's disease group

The third group of participants consisted of people diagnosed with probable

Alzheimer's disease by a qualified medical professional. These participants were

recruited by the Alzheimer Society of Manitoba and from personal care homes, who sent

out letters to potential participants about our study (Appendix B). This group consisted of

nine participants, with seven males, and two females. The mean age was 85.89 years

(S.D. : 4.88), and mean education was 11.67 years (S.D. : 2.74). The AD group and

older control group did not significantly differ on years of education l/1ro; 
: .85, p : 0.471,

however they did differ in their mean age [f11e¡ 
: -3.30, p: 0.004].

All three groups were given a computerized face matching test. In addition, the

older non-neurological control group and the AD group were given some screening

measures.

Cognitive tests.

The Mini Mental State Examination (MMSE) and the Dementia Rating Scale

(DRS) were administered to all participants over 60. Since these tests are designed to

record cognitive impairment in older populations, the young adult population was exempt

from these tests.
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The Mini Mental State Examination (developed by Folstein, Folstein, McHugh,

1975), is a standardized cognitive screening tool which assesses five areas of cognitive

function. These five areas include orientation, registration, attention and calculation,

recall, and language. This test is on a 30 point scale, which has been used extensively in

the literature, to identify the degree of cognitive impairment. All the raw scores were

converted into T scores by using normative data by Fields (1998), which takes into

account both age and education. In order to calculate a T score, the Z scores were f,rrst

computed by taking the means from the normative data, subtracting it from each raw

score, and dividing this sum by the standald deviation. The T score is then calculated by

multiplying the Z score by i0 (standard deviation of T scores) and adding 50 (mean of T

scores).

In order to record a more in depth view of the severity of the cognitive

impairment, the Dementia Rating Scale (DRS) (developed by Mattis, 1973) was also

given. This scale is designed to assess cognitive ability in individuals with brain

dysfunction. The DRS consists of five subscales which measure attention, initiation-

perseveration, construction, conceptualization, and memory. The raw scores were also

converted into T scores.

Í{eølth questionnøire

All participants over 60 were also given a general health questionnaire (Appendix

C) which inquires about cataracts, glaucoma, other visual problems, and any general

health problems. None of our participants had glaucoma; however some of the

participants tested had cataracts (see Table 1).
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Table 1: Information on age, education, MMSE, DRS, and visual acuity scores for (a) the
older control group and (b) the AD group.

A,

Subject Age Education
(years)

MMSE
(raw
score)

MMSE
(r-
score)

DRS
(raw
score)

DRS
(r-
score)

Visual
acuity

Cataracts

I 63 l8 30 s7.7 1 /l',taL 59.5 20/30 No
¿ 75 21 29 56.3 l4u s6.0 20/30 Yes

(rieht)
J 86 T2 29 65.0 138 s6.0 20t20 No
4 -aIJ 12 30 68.8 r44 66.0 20120 No
5 78 10 29 63.3 140 56.0 20130 No
6 68 10 30 64.3 r39 50.0 20/20 No
7 64 21 30 57.7 't A1

ITI 56.0 20t20 No
8 84 t2 29 67.4 138 s6.0 20/25 Yes

ftoth)
9 8l 11 30 7r.7 r37 52.0 20120 No
10 62 T2 29 55.9 143 62.5 2012s No
11 78 9 30 70.0 140 56.0 2012s Yes

ftoth)
t2 87 9 29 65.0 t42 66.0 20/30 No

Subject Age Education
(years)

MMSE
(raw
score)

MMSE
(r-
score)

DRS
(raw
score)

DRS
(r-
score)

Visual
acuity

Cataracts

78 li 15 -30 86 1ALA 20/30 Yes
(both)

2 81 T6 22 -5.6 110 28 20ts0 Yes
(both)

a
J 80 8 t7 7.9 78 24 20t30 No
4 87 T2 ¿J 35 93 '', /lLA 20/30 Yes

(both)

5 9l 10 18 10 90 1/lLA 20/50 Yes
lboth)

6 90 16 22 1 1.5 106 28 20/2s No
7 90 10 ¿J 35 111 30.5 20150 Yes

ftoth)
8 88 10 t0 -30 80 24 20170 Yes

(both)
9 88 12 15 -5 108 28 20t25 No
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Near visual acuity was recorded by showing parlicipants a near visual acuity eye chart. If

participants had corrective lenses they were instructed to wear them during the acuity

task, and for the remainder of the study. Participants were shown a near visual acuity

chart, where acuity was recorded under binocular viewing conditions.

If participants were legally blind in one or both eyes, they were not allowed to

participate in this study. This resulted in one participant in the older control group being

exempt from this study. If participants reported that they suffered from depression, they

were exempt from this study. This resulted in one participant in the older control group

being exempt from this study.

Føce and object perception tasks

As our study investigates face perception, it was important to detennine whether

any of the participants had prosopagnosia. Before the face-rnatching task began, all

participants over 60 were shown 15 famous faces, consisting of famous actors, singers,

and previous Presidents (Appendix D). This famous face task was designed for a

population over 60 years of age. In order to have a correct answer, participants were

required to name the famous face, or name the occupation of the person pictured.

After testing six of our AD participants, who all did poorly on the famous face

task, it became apparent that a test of object recognition was required to determine if

difficulties would be shown with naming objects. In order to decrease the probability of

AD participants being at a significantly more severe stage of AD compared to the initial

time of testing, participants who were tested no more than three months ago and any new

participants were given an object recognition task. Therefore, four of our participants

with AD completed a shortened version of the Boston Naming Test 2nd edition (Kaplan,
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Goodglass, Weintraub, & Segal,2001). The original version of 60 items is often used to

assess language over time in people with Alzheimer's disease (Baum, Edwards, Leavitt,

et a1., 1988; Knesevich, LaBarge, & Edwards, 1986; Whitworth & Larson, 1989;

Williams, Mack, & Henderson, 1989). The shortened version consists of 15 items and

was developed based on research published by Mack, Freed, Williams, and Henderson

(1992) (Appendix E). Each participant is shown a line drawing of an object, and given 20

seconds to name the drawing. If the participant responds "I don't know," they are

supplied with a stimulus cue, and given another 20 seconds to name the picture. If after

20 seconds, the participant is still unable to name the picture, they are provided with a

phonemic cue, and given another 20 seconds to name the picture. After the participant

has gone through all 15 items, the items that were not named correctly are shown again.

The time, the item is presented with four words, and participants have to point to the word

which the picture corresponds to.

Apparatus

The face-matching experiment was done using a Power Macintosh G4 computer

with the participants either making their responses on a USB key pad, or the experimenter

making the responses for them. The responses were made using the "1" and "3" on the

keypad, which were marked by stickers. Stimuli were presented on a 17-inch color

monitor using PsyScope experimental software version 1.2.1 (Cohen, MacWhinney, Flat

& Provost" 1993).

The stimuli consisted of colour pictures of male and female faces obtained from

the Max-Planck Face Database. This database consists of a series of three-dimensional

(3D) models of real faces shown in three presentation angles around a vertical axis; full
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face (F), right three-quarter (T), and right profile (P) (see Figure 1). Hair was trimmed

from the images, leaving the face area alone. Each face was positioned on a black square

background (7.5 cm x 7.5 cm).

Three stimuli appeared during a trial, atarget face (centered at 16.5cm û'om the

left side of the screen, 5.5cm from the top of the screen) and two choice faces, with one

presented on the lower left side of the screen (9.5cm from left, 16cm from top), and the

other presented on the lower right side of the screen (22.5cm from left, i6cm from top).

In one set of trials all stimuli (target and choices) were presented upright; in the other set

of trials all stimuli were inverted. Therefore, vertical orientation was consistent

throughout a block of trials and all th¡ee stimuli were presented in the same vertical

orientation (upright or inverted) on any one trial.

Although the rotation angle of the target face could differ from the rotation angle

of the choice face by 0o, 45o, or 90o, the two choice faces were always rotated to the sarne

presentation angle within a trial This resulted in a total of nine possible target x choice

face combinations. ln three of the combinations (FF, TT, PP) the rotation angle of the

target and choice face 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 90o (FP,

and PF). Participants were presented with 4 blocks (2 blocks of upright, and2 blocks of

inverted trials), consisting of 72 trials each, which were counterbalanced across all

subjects.

All young participants completed all 4 blocks of trials, however in the older non-

neurological control group, and AD group, some participants completed only two blocks
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Figure 1: Sample of stimuli used (from Max-Planck Face Database) rotated in depth
around the vertical axis. From left to right: full face (0"), three quarter view (45"), and
profile view (90").
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of trials (one upright and one inverted), due to complaints of being too tired to complete

the task, and therefore wanting to stop. In the older non-neurological control group, this

only occured with one participant (#9) who completed two blocks of trials. In the AD

group, all participants, except for participant 1 and 3 completed only two blocks of trials.

Design and Frocedure.

All participants were told that a f,rxation cross would appear on the computer

screen, followed by three faces (one on top and two on the bottom). The task was to

determine which of the two bottom choice faces (left or right) is the same as the top

(target) face, regardless ofhow the pictures are rotated.

Both non-neurological control groups (young and older) made their responses on

the USB keypad. In the AD group, participant 3 and 4 made their responses on the USB

keypad, while for the rest of the group, the participant selected their response by pointing

to one of the bottom faces. The experimenter pressed the appropriate keys for the

participant. This was done because these participants found it easier to point to the face,

rather than pressing the designated keys on the keypad.

The face stimuli appeared on the screen for a limited amount of time, which was

10 seconds. The computer started timing each trial when the faces first appeared, and

stopped timing as soon as the participants made their response. If the participants did not

make their response within the 10 seconds of exposure, a blank screen appeared, until the

participant responded. This limit in time ensured that participants did not sacrifice time

for accuracy.
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All participants were told to make their responses accurately but quickly. As soon

as participants made their response, a blank screen would appear, the experimenter would

then press the space bar, and the next set of faces appeared on the screen. The blank

screen was placed between trials in order to ensure that if AD participants needed a

reminder of the task, the experimenter would be able to refresh their memory, before the

next trial started.

When participants failed to make their responses within the 10s time limit the

task was considered a memory task and was coded as an incorrect response. For the

young participants, this resulted in 0 .53Yo of trials, for the older group 2.83% of trials, and

for the AD group, 22.19% of trials were coded as incorrect. In the trials where responses

were made after 10 seconds for the AD group, the average response time was 13.04

seconds, with 55.43o/o of those trials being correct trials.

Analysis

While the older and younger control groups were analyzed together, for reasons

outlined below the AD group was compared to the six oldest participants of the older

non-neurological control group (the oldest-old subgroup). In addition, since the majority

of AD participants only completed two blocks of trials (one upright and one inverted),

they were compared to only two blocks of trials of the oldest-old control participants.

This ensured that both groups were being compared on an equal numbers of trials.

R.esunts

1) dre the older non-neurological controls less accurate than the Younger group?
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The mean values of the percentage of correct trials were entered into a 2 x 2 x 3 fgroup

(older and younger) x planar orientation (upright and inverted) x rotation angle (0o, 45o,

90")] repeated measures analysis of variance. The group variable was the between

subjects factot, while planar orientation, and rotation angle were within subject factors.

In post-hoc comparisons the 0.05 alpha level was adjusted using a Bonferroni correction.

Our hypothesis was confirmed, the older non-neurological control group was less

accurate than the younger group lFtl,zsl : 13.l\,p < 0.00i] (see Figure 2). Both groups

exhibited the inversion effect, producing more errors when faces were inverted compared

to when upright [Ftr,zsl:36.15,p < 0.001]. A significant interaction was found between

planar orientation and group lFç,zsl: 5.91 , p: 0.02f. While the older group did produce

more erroÍs than the younger controls when viewing upright faces [/1zs¡ 
:2.59, p: 0.04],

they appeared to be particularly compromised when the faces were inverted lftzsl : 4.39, p

< 0.0011 (see Figure 3).

Although both groups showed the inversion effect, the pattern of responding in

both the upright and inverted orientation conditions was the same. As the rotation angle

between the target and choice face increased, both groups' accuracy significantly

decreased lFrz,sol :47.61,p < 0.001]. The most accurate responses occuned when no

transformation in depth was required (0"), which was significantly better than when both

a45" [/1zs): 5.39,p < 0.001] or 90 o ltpq:9.07,p < 0.0011 rotational difference existed

between the target and choice faces. Likewise, subjects performed better when there was

a 45o difference than a 90 " [/12s1 
: 4.88, p < 0.001] (see Figure 4). No interaction

occurred between rotation angle and group [Frz,sot 
: 0.I4, p: 0.87].
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Figure 2: The accuracy results for both the younger and older non-neurological control
groups (errols bars: SEM's).
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Figure 3: Accuracy under both upright and inverted conditions for both the younger and
older non-neurological control groups (errors bars: SEM's).
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Figure 4: The effects of difference in rotation angle between target and choice face (0o,
45o, 90") in the young and older non-neurological control group's accuracy data (error
bars: SEM's).
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2) Is there a canonical view for f,ace recognition?

A2x2x3 x 3 f(group x planar orientation x target face (frontal, three-quarter,

profile) x choice face (frontal, three-quarter, profile)] repeated measures analysis of

variance was performed to determine if a canonical view was being utilized by the

participants. The group factor was the between subjects factor, while planar orientation,

target face, and choice face were within subject factors. In post-hoc comparisons the 0.05

alpha level was adjusted using a Bonferroni correction.

There was a significant main effect of choice face angle [Ftz,sol:8.14,p:0.001],

with the '/o view producing significantly less eruors in both groups than the profile view

ItcÐ : 5.I3, p < 0.001]. When the choice faces were presented in a frontal view, percent

correct fell between'/o and profile but was not significantly different from either ltrzs't:

2.II, p: 0.74; tps): 1.55, p: 0.4T, respectively] (see Figure5).

While not signif,rcant, lFp,s6) : 2.60, p : 0.09f, participants showed a similar

overall pattern with% target face views being the most accurate. A signif,rcant interaction

between target face and choice face was found [Fr+,rool: 31.80,p < 0.001], with the most

accurate responses occurring when all faces were in the three quarter view. A significant

interaction between planar orientation and target face was found lFe,so¡: 5.00, p : 0.01].

While inverting the faces did not impair accwacy for profile views [/tzst

:2.30, p : 0.09f, accuracy was significantly impaired for frontal [f1zs) 
: 9.02, p < 0.001]

and three-quarter views lrp¡:4.53,p < 0.00i1 (see Figure 6).

Aging and overall performance

For the older control group, a Pearson bivariate correlation was computed between

age and overall accuracy on the face mental rotation task. A significant negative
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Figure 5: The effects of choice faces presented in frontal, three-quarter, and profile
views, on the younger and older group's accuracy data (error bars: sEM,s)
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Figure 6: The effects of target face views for both uprisht
conditions in frontal, three-quarter, and prof,rle views, o" itt.
group's accuracy data (error bars: SEM,s)
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conelation was found between age and overall accuracy lr: -0.63,p : 0.03]. Given that

normal aging will affect accwacy on this task, and that the AD participants were

significantly older than the fulI sample of older control participants [r(19) : -3.30, p <

0'004], the performance of the AD participants was only compared to that of the six

oldest-old control participants, to whom they were matched on age [/1r:): -1.49, p:
0.16], and education [(r:l : -0.68, p: 0.51]. The mean age of the oldest-old control

participants was 82.33 years (S.D. : 3.94), and the mean age of the nine AD participants

was 85.89 years (S.D. :4.88).

3) Are the AD participants less accurate than the older non-neurological control
gnoup?

In order to investigate this, each AD participant's overall performance on this task

was compared to the 95Yo confidence intervals of the six oldest-old control participants.

Our hypothesis was confirmed; the majority of AD participants' means, with the

exception of two participants (#7, and #9) fell below the lower boundary (59.12%) of the

95o/o confidence interval of the oldest-old participants.

In order to investigate how each AD participant performed when faces differed by 0o,

45o, and 90o, in upright and inverted orientation conditions, each AD participants, means

were compared to the 95Yo confidence intervals of the six oldest-old control participants

(see Figure 7 A and 7B). When faces were upright and were presented at the same angle

to each other, the majority of AD participants performed within the confidence interval of

the six oldest-old controls. Three participants (1, 6, and 8) were below chance levels in

this matching condition. The fact that these three participants performed below chance

levels in this simple matching condition suggests that either they did not understand the
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Figure 7: Comparing the effects of difference in target and choice face angle (0o, 45o, and
90") for each AD participant (number) in both upright (a) and inverted (b) orientation
conditions. Hatched regions represent 95o/o confidence intervals for the oldest-old control
participants (n:6).
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task, or that they have a basic perceptual problem that affects their ability to discriminate

between faces. Since their performance in all conditions was essentially at chance, it was

not possible to evaluate the effects of mental rotation and inversion on face perception in

these three individuals. As a result, these three individual were excluded from subsequent

analyses.

AÐ growp's Ferformønce in Mentøl Rofation and Inversion

In order to examine the overall pattern of performance in the AD patients, the six

AD participants who performed above chance levels when faces were presented at the

same angle to each other and were upright, were compared to the six oldest-old control

participants. There was no significant difference between the two groups in age l/rot : -

7.55,p: 0.151, or in education [/1ro¡ 
: -0.67,p:0.52]. There was a significant difference

in acuity [/1ro) 
: 2.82, p: 0.02], with the six AD participants having lower acuity (mean:

0'57, S'D. : 0.18) compared to the six oldest-old participants (mean: 0.82, S.D. : 0.15).

However, the six AD participants' above chance performance on the simplest conditio¡

(upright 0") suggests that their acuity was adequate to perform this task.

The mean values of the percentage of correct trials were entered in a 2 x 2 x 3

(group x planar orientation x rotation angle) repeated measures analysis of variance, with

group being a between subjects factor, and planar orientation and rotation angle being

within subjects factors. In post-hoc comparisons the 0.05 alpha level was adjusted using

a Bonferroni correction. The AD participants were significantly less accurate than the

oldest-old control group [F1r,ro; :5.95,p:0.04] (see Figure g). Both groups exhibited



ADDUzu, Cassandra 51

Figure 8: The accuracy results for both the AD gïoup (n : 6), and the oldest-old control
participants (error bars: SEM's).
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the inversion effect, producing more erors when faces were inverted compared to when

upright [4r,rot : 30.5l, p < 0.001]. No signif,rcant interaction was found between planar

orientation and group lFtr,rol : 0.13, p:0.72].

As the rotation angle between the target and choice face increased, both groups'

accuracy significantly decreased lFe,zot: 17.Zl,p < 0.001] (see Figure 9). The most

accurate responses occurred when no transformation in depth was required (0"), which

was significantly better than when both a 45o ltço¡: 3.23, p : 0.031or 90o [/1ro) 
: 5.54, p

< 0.00i] rotational difference existed between target and choice faces. However there

was no significant difference between a 45o and 90o rotational difference [/.0¡ :2.70, p:
0.07]. There was no signif,rcant interaction between rotation angle and age lFçz,zo¡: 1.84,

p:O.rel.

There was a significant three-way interaction between planar orientation, rotation

angle, and age lFçz.zo): 3.92, p : 0.041. In the oldest-old control group, while inverting a

face did not impair accuracy for a 0o [/1ro): 2.I3, p: 0.06] or a 45o difference [/1rol:

1.88,p:0.09], accuracy was significantly impaired when faces were presented at a 90o

difference [/1ro) : 3.0I, p : 0.01] (see Figure 104). In contrast for the six AD

participants, inverting aface significantly impaired accuracy even in the 0o condition lr¡1s.'

:5.26,p < 0.00i1 (see Figure 108). Performance \/as equally poor with upright and

inverted faces when the target and choice faces differed by either 45o lt1tol: 1.76, p:
0.1 1l or 90" [/1ro; 

: -0.67, p : 0.52].

4) Do the.A,D panticipants have a canonical view for face recognition?



Figure 9: The effects of difference in
(0o,45o, 90") on the oldest-old control
(erors bars: SEM's).
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Figure 10: The effects of planar orientation and rotation angle 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).
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In order to see if the AD participants showed a canonical view for face

recognition, a 2 x 2 x 3 x 3 (group x planar orientation x target face x choice face)

repeated measures analysis of variance was done. In post-hoc comparisons the 0.05 alpha

level was adjusted using a Bonferroni correction. Figure 1lA and 118 show the data

from all AD participants. Note, however, that AD participants 1, 8, and 6, who

performed at chance levels when attempting to match faces in the upright 0o condition,

were omitted from the statistical analyses described below.

There was no significant main effect of target face angle lFp,zo\: I.32, p : 0.291,

or a significant main effect of choice face angle fFp,zol : I.92, p : 0.171. A significant

interaction between choice face angle and age was found lFelot:5.92,p:0.01]. While

for the oldest-old controls, acc;r)racy was not impaired whether faces were presented in

frontal views versus three quarter views [/1ro) 
: -I.87, p: 0.09], frontal versus profile

views [/1ro) 
: 0.24, p: 0.82], or three quarter versus profile views ltrg -- r.92, p: 0.08],

this was not the case for the AD group. The AD group were significantly better when

choice faces were presented in frontal views compared to three quarter views ltço¡: 2.72,

p:0.02], and compared to profile views [/tro) : 3.23, p: 0.0r]. However there was no

significant difference between choice faces being presented in three quarter views

compared to profile views [f1ro): -0.31, p:0.76]. In addition, the oldest-old controls

were signif,rcantly better than the AD group when choice faces were presented in three-

quarter views fl¡ro) : 3.54, p: 0.01] (see Figure 12).

A signif,rcant interaction between target and choice face was found [F1+,+o¡: 10.40,

p < 0.001], with the most accurate responses occurring when all faces were
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Figure 11: Comparing how each AD participant performed when (A) target faces and (B)
choice faces were presented in frontal, three quarter, and profile views. Hatched regions
represent 95Yo confidence intervals for oldest-old control participants.
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Figure 12: The effects of age when choice faces were presented in frontal, three quarter,
and profile views, for both the oldest-old control participants, and the six AD participants
(error bars: SEM's).
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presented in frontal views. There was no significant three-way interaction between

targetface, choice face, and age fFg,+o¡: 1.55, p: 0.22].

Famousfaces ønd Boston naming task

On the famous faces task, the oldest-old control participants, received a mean

score of 11.67 out of 15 (S.D. : I.2I). The six AD participants received a mean score of

1.00 out of 15 correct (S.D. :1.26) (see Figure 134). An independent samples t-test

revealed a signif,rcant difference between these two groups on the famous faces task [/¡ro¡

: 14-92, p < 0.001]. The mean scoïe on the famous faces task for all nine AD

participants was 1.22 (S.D. = 1.79), which was also significantly different than the six

oldest-old control participants ltr¡l : 12.46, p < 0.001].

The four AD participants that were tested on the Boston Naming Task

(participant 6,7,8, and 9) received scores ranging from 9-i2 out of 15 conect, with a

mean score of 10.50 (S.D. : 1.29). Although this score is higher then the AD participants

tested by Mack, Freed, Williams, et al. (1992), (mean score : 6.3, S.D. : 3.g), the score

received by the 4 AD participants in our sample is 1.75 standard deviations below the

non-neurological control group tested by these same authors (mean score: 13.3, S.D.:

i.6) (see Figure 138).

Correlations

For all nine participants in the AD group, Pearson's bivariate coruelations 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 lr : -0.25, p: 0.52],between T scores
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Figure 13: Scores for each oldest-old control and the six AD participants on the famous
faces task (A). Scores for the four AD participants on the Boston Naming Task (B).
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on the DRS and overall accuracy lr:0.04, p: 0.931, or between T scores on the MMSE

and overall accuracy lr : 0.43, p:0.251.

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 conelations

as above were computed with the exception of correlating performance on the upright 0o

condition with all specified scales. Once again, no significant correlations were found

between accuracy and visual acuity lr : -0.r9, p : 0.62], between T scores on the DRS

and accuracy lr : 0.01, p: 0.80], between T scores on the MMSE and accuracy lr : 0.27,

p:0.48f, or between T scores on the MMSE and DRS [r: 0.35,p: 0.35].

When only the six AD participants' data was examined, no significant correlations

were found between accuracy and visual acuity lr:0.2I, p :0.691, between T scores on

the DRS and accuracy lr:0.26, p: 0.63], between T scores on the MMSE and accuracy

lr: -0.35, p: 0.55], or between T scores on the MMSE and DRS lr: -0.007, p: 0.99f .
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Chapter 4: Discussion

General discussion

One of the most debilitating aspects of Alzheimer's disease (AD) is that, as the

disease progresses, people with AD find it difficult to recognize their friends and family

members. While this has typically been attributed to a memory impairment, previous

research has shown that people with AD exhibit mental rotation difÍiculties, which are

revealed when mentally rotating Blake shapes (Kelly, Murphy, Kohler, et al 2000),

objects (Caterini et al., 2002; Lineweaver, Salmon, Bondi, 2004) or when copying out

line drawings (Della Sala & Tumbull. 2002). The present study was designed to

investigate if this diffrculty with mental rotation contributes to difficulty in recognizing

individuals shown by people with AD. Three groups of participants (yowrg, older, and

AD) were tested on a face mental rotation task with faces rotated in depth, and inverted.

Results for both the young and older control groups will first be discussed, which will be

followed by how the AD group performed on this face mental rotation task relative to the

six oldest participants in the non-neurological control group.

Young and Older control group

The first hypothesis, which was confirmed, was that the older non-neurological

control group would be less accurate in the face matching task compared to the younger

group. This decrease in accuracy could be attributable to visual decline that occurs with

aging. Visual acuity often decreases with aging, and the focusing ability of near vision is

also affected (presbyopia). Of course, in addition to these visual issues, it could also

simply be the case that our older participants were not as comfortable making their
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responses on a computer pad as our younger controls and this may have had an effect on

their error rate.

Nevertheless, even though the older group was less accurate on the face

matching task than the younger group, both control groups showed the same overall

pattern of performance. Each group was the most accurate when the target and choice

faces were presented at the same angle and accuracy systematically decreased as the

angle between the target and choice faces increased. In other words, as the amount of

mental rotation required to match the faces increased, accuracy decreased.

Both groups also showed the inversion effect, producing more errors when faces

were inverted then when they were upright. Inverting a face disrupts the ability to

process it holistically, and instead a parts-based approach or a matching of features is

used, resulting in a decrease in response speed and accuracy (Valentine 1988; Yin,1969;

Kanwisher,2005; Marotta, et a1.,2002; Marotta, et a1.,2001). It seems however, that the

older group was relatively more impaired when faces were inverted then the younger

group. It is possible that the older group had more difficulty switching to a parts-based

strategy to process the inverted faces. This finding coincides with those of Dror, Schmitz

- Williams, and Smith's (2005) that showed that when older adults rotated simple and

complex images, a holistic approach was used for both tasks to reduce cognitive load. It

is perhaps the case that switching from a holistic approach (required for upright faces) to

a parts-based approach (required for inverted faces) may have impaired the older controls

performance when faces were inverted.

Although both groups showed the inversion effect for faces presented in frontal

and three-quarter views. this inversion effect was not shown when faces were shown in
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profile views. It may be the case that when faces are shown in prof,rle views, instead of

looking at the entire gestalt of a face, a matching of face features is done to complete the

task. Therefore if the face is inverted, as long as the key features are still visible,

accuracy should not significantly decrease.

Our second hypothesis investigated whether the younger and older control groups

would show a tA view advantage, which has been reported to be a canonical view for face

perception (Baddeley & Woodhead, 1983; Krouse 1981; Logie, Baddeley, Woodhead,

1983; Patterson & Baddeley, 1977; Schyns & Bulthoft 1994; Troje & Bulthoff, 1996;

O'Toole, Edleman & Bulthoff, 1998; Valentin, Abdi, Edelman, 1997; Woodhead,

Baddeley, Simmons, 1979). With the choice faces, there appeared to be an advantage for

the % view compared to the profile view, and although the 3/o view was more accurate

than the frontal view, this was not significant. Keep in mind that the "frontal" face used

in our experiment was not truly "face on." So, it is possible that the slight angle of this

face may have contributed to there not being a significant difference between the 3/+ and

frontal face. However, it should be noted that a previous study that investigated young

control subjects with the exact same faces did find that both reaction times and accuracy

performance was best when a 3/+ view face was presented (Marotta, McKeeff, &

Behrmann,2002),

With the target face presentation, while not significant, more accurate responses

were generated for the % view than the frontal or profile views. While it is possible that

more attention was paid to the choice faces during the comparison than the target face and

tlris may have resulted in the non-significant responses, it should again be noted that the

study mentioned earlier also found a significant 3/a target face advantage in reaction time
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and accuracy in young control subjects (Marotta, McKeeff, Behrmann, 2002). This

previous study also found that the most accurate and fastest responses were made when

the target and choice faces were presented in the 3/¿ view. Although a significant main

effect of target face was not found in the current study, a significant interaction between

target and choice face was found, with the most accurate responses occurring in the %

view, suggesting that both control groups showed a canonical view in this face matching

task.

The fact that the current study did not entirely coincide with the f,rndings in the

Marotta et al's study could be due to the fact that in the Marotta et al's study, unlimited

viewing time was given for the task, whereas the current task had a limited viewing time

of 10 seconds. Even though the control group seldom took 10 seconds to complete the

task, knowing that there is limited time makes the task a little more stressful, and could

result in participants not being as careful in responding. In addition, a big difference

between the Marotta et al's study is that they only tested undergraduate students and

found tkls % view advantage. Our study tested an older control group, and since a

correlation was found between normal aging and accuracy on this face mental rotation

task, it is possible that due to the reduced accuracy in the older group, a canonical view

was not as apparent in this group.

AD group in cornparison to six oldest-old control participants

As predicted, the AD group was less accurate when performing this task

compared to the oldest-old non-neurological control $oup. The majority of AD

parlicipants, with the exception of two participants (7 and 9) fell below the 95Yo
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confidence interval of the oldest-old control participants. Atthough participant 7 had,

bilateral cataracts, they also had a high MMSE score, and perhaps it was the case that this

participant was not as advanced as the other participants' in their AD. However, it should

be noted, that participant nine did not have any cataracts, but had a much lower MMSE

score compared to participant seven, and was still within the 95%o confidence interval of

the oldest-old controls.

When faces were upright and no mental rotation was involved, the majority of AD

participants were within the 95% conf,rdence interval of the oldest-old control

participants. However, participant one, six, and eight, performed below chance levels on

this simple matching task. It is possible that since participant eight had bilateral cataracts,

and had the lowest acuity out of the group, he did not have good enough acuity to perform

this task. However in the case of participant one and six, they had much better acuity, but

were unable to perform this simple matching task. It may be that participant one and six

did not understand the task, and therefore had a poor performance on the easiest

condition. Altematively, these three participants may have a basic perceptual problem

that affects their ability to discriminate between faces.

No correlation was found between visual acuity and accuracy, or between

cognitive test results and accuracy. The fact that no corelation was found between

cognitive test results and accuracy is a little surprising, however the cognitive tests used

and the face mental rotation task are two very different tasks. The cognitive tests measure

attention, memory, language ability, orientation, and construction. However the face

mental rotation task is looking at mental rotation and face perception. This may be why

no correiation was found. In addition, other studies that have looked at face perception in
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AD have also found no correlation between MMSE scores and the face perceptual tasks

(Caterini, Sala, Spinnler, et a1.,2002; Tippett, Blackwood, Farah,2003). It could also be

the case that since the AD group all did poorly on the task when mental rotation and

inversion were involved, a correlation would not have been apparent because of the poor

p erformance throughout.

Our data suggests that the AD patients are having difficulty mentally rotating and

inverting faces. When faces were upright and no transformation in depth was required

(0"), the six AD participants were within the 95o/o confidence interval of the six oldest

participants. However, when faces were inverted and no transformation in depth was

required accuracy significantly decreased. Furthermore, there was no significant

difference in accuracy between upright and inverted45o, and 90o conditions. This is due

to the factthat the AD participants were doing poorly with any mental rotation, and this

suggests that with any mental rotation or inversion, the AD participants are unable to do

this task.

Difficulties with mental rotation is further supported when we consider the

responses given after the 10s time limit - 360/o of that data required a 45" rctation,45Yo

required a 90o rotation, while only l9Yo required no transformation in depth. This would

suggest that the AD group is taking longer and having more difficulty with rotated faces.

There have been studies that have reported mental rotation difficulties in people with AD

when performing object recognition tasks (Caterini, et al. 2002; Lineweaver, Bondi,

Salmon, et al. 2005), and it seems likely that these mental rotation difflrculties ale

affecting the ability to perform this face matching task.
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A further indicator of the AD group's difficulty with this task is shown with the

amount of data coded as incorrect due to ïesponses made after l0 seconds. The older

non-neurological control group had2.83% of responses coded as incorrect, while the AD

group had 22.19% of responses coded as incorrect. Early on in the disease there is

damage to the medial temporal lobe structures, including the hippocampus and entorhinal

cortex' This neurological damage would result in short term memory deficits, which,

depending on the severity of the damage, could result in some of the AD participants

forgetting what they should be doing within the 10 second interval. Although short term

memory deficits may have contributed to the AD group responding after the l0 seconds,

other factors could have included reduced acuity in the AD group compared to the older

control group.

Six out of nine participants in the AD group had bilateral cataracts, which would

contribute to reduced acuity, and therefore increased reaction times in doing the task. In

addition, since attention is often compromised with AD, it could have been that the AD

participants were not paying as much attention to this task, and therefore responded after

the i0 seconds. 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. This could explain why

more responses were made after 10 seconds in the AD group compared to the older

control group.

When the six AD participants' data were analyzed to see if a canonical view

would be shown, it seemed that these participants showed an advantage for when choice

faces were presented in the frontal view. Indeed, both the oldest-old participants and the

AD group had the most accurate responses when the target and choice faces were all
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presented in frontal views. This could be because there are more features that are visible

compared to the profile and three-quarter views, and therefore, this was the easiest

condition for these participants.

When the AD participants completed the famous faces task, they were much

\,vorse at responding compared to the oldest-old control participants. Despite probing

from the experimenter, most AD participants received a score of 0 out of 15 correct. In

contrast, the oldest-old control participants were very good at this task, with a mean score

of 11'67 (S'D. : I.2l). Therefore, upon viewing these results the Boston naming task

was given to four of our AD participants (participant 6,7, 8, and 9) to see if recognition

difficulties would translate to objects. Although the four AD participants who completed

the Boston Naming Task were much more accurate compared to and AD group tested by

Mack, Freed,'Williams, et al., (1992), they were still 1.75 standard deviations below

normative data tested by the same authors. However, it seems that the AD participants

did not need probing from the experimenter to come up with the name of these objects,

and were able to name more objects in the Boston Naming task compared to naming

faces. Reasons for the difference in performance between the Famous Faces task, and the

Boston Naming task could be because objects are leamed much earlier in life compared to

famous faces, resulting in an increased chance of being remembered (Holmes, Fitch,

Ellis, 2006). In addition, it would most likely be easier to come up with a name of an

object, compared to the name of a famous person. Perhaps a more comparable task to

the fämous faces task would be testing how AD participants respond when shown famous

landmarks. If they are having less difficulty with naming famous landmarks, compared to
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naming famous faces, this would imply that people with AD may have face specific

deficits.

Each AD participant who completed the Boston Naming task was examined

individually on their perfornance with the face mental rotation task. When no

transfotmation in depth was required (0'), and faces were upright two participants (7 and

9) were within the 95Yo confidence interval of the oldest-old control participants.

However participant six and eight who also completed the Boston Naming Task, did very

poorly on the face matching task when faces were upright and presented at 0o. It could be

that these two participants found it difficult to perceive the face stimuli, and found it

easier to perceive the simple line drawings of the Boston Naming task.

Our results are inconsistent with those by Lee, Buckley, et al. (2006) who found

that AD patients did not show an impairment when picking the odd-one-out of a choice of

four faces, when presented at the same angle to each other, and when rotated. In the Lee,

Buckley, et al. (2006) study, the AD participants had higher overall MMSE scores (23.57,

s.D. : 3.91), and were younger (mean age 70.14, S.D. : 5.55) compared to the

participants in our study. In addition, a moïe recent study by Lee, Levi, and Davies

(2007) also found that AD participants were not impaired with face discrimination. In

this more recent study, the AD participants had even higher MMSE scores (mean :25.1I,

S.D. : 2.75), and were younger (mean age : 64.99, s.D : 7.54). It is most likely the case

that the AD participants in the current study were at a more advanced stage of the disease

compared to the participants that were used in these previous studies.

Irnplications
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Traditionally when people with AD are not able to recall friends and family

tnentbers, it is often thought that it is solely a memory impairment. However there have

been studies that have shown that people with AD have mental rotation diff,rculties

(Murphy, Kohler, Black, Evans, 2000; caterini, Della, sala, spinnler,2002). In normal

populations when we recognizefaces, we need to recognize faces portrayed at different

angles. Our results suggest that people with AD are having difficulty with mental

rotation and inversion when completing face perception tasks, which may contribute to

their difficulties in recognizing their friends and family members.

Both the DRS and MMSE are used to assess cognitive impairment, however no

correlation was found between these scales and the overall accuracy. This may be due to

the fact that no object recognition or face recognition tasks are found in these cognitive

tests. Given the revealed perceptual impairments in AD, it would be useful to add a face

matching paradigm as a diagnostic tool for AD.

Methods for early detection that are currently used include neuropsychological

tests, scratch and sniff tests (Devanand, Michaels-Marston, Liu, et al. 2000), and more

sophisticated EEG (electroencephalogram) tests. It has been suggested that the brain

wave patterns of people who will develop Alzheimer's disease, is different then normal

controls (Tarkan, 2005). The results from our study show that the AD group did not

follow the same pattern of responding as the two other control groups in that they were

impaired with any mental rotation and inversion. Since the AD group did not show this

same pattern of responding, this face mental rotation task could possibly be used in

corroboration with these sophisticated brain imaging techniques. For example, before
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tuming to EEG for early detection, our face perception task may be used as a diagnostic

tool for AD.

Future dinections

Several brain imaging and electrophysiological studies have shown that a region

in the fusiform gyrus called the fusiform face area (FFA), and the Inferotemporal cortex

responds more strongly to faces compared to objects in normal non-neurological control

groups. There have also been several neuropsychological findings which suggest that

when there is damage in the Inferotemporal cortex, this produces an inability to recognize

faces, or Prosopagnosia (Farah, 1990). If participants with AD are showing diff,rculty in

our behavioural tasks, for face mental rotation and famous faces task, then the next

logical step is to use functional magnetic resonance imaging (fMRÐ to investigate if
people with AD also show reduced activations in the inferotemporal cortex. If reduced

activations are shown relative to an older non-neurological control group, than this would

suggest that with the onset of AD, there may be an acquired Prosopagnosia that goes

along with the disease, which contributes to face recognition difficulties.

In order to solidiÛz this theory, a more systematic investigation of AD patients

object recognition needs to be carried out. For example, a version of our task that utilizes

objects could be used to determine if AD participants have the same diff,rculties mentally

rotating objects. Murphy's study (2002), as well as Caterini's (200i) suggests that people

with AD have mental rotation problems with objects. However, if AD participants are

not as impaired on an object mental rotation task compared to the face mental rotation
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task, than this fuither suggests that with the onset of AD, there may also be an acquired

Prosopagnosia.

General conclusion

Although face recognition deficits in people with AD has been traditionally

associated solely with memory impairments, our results suggests that there are also

perceptual difficulties that compound the recognition difficulties. One of the early loci of

AD is the temporal lobe (Arnold, Hyman, Flory, et at. l99r; Braak & Braak, 1991), an

area essential for face recognition, so this face recognition deficit may not seem

surprising. However, it appears to have been overlooked in the literature, which does not

typically repoft problems with face recognition until later stages of AD. Of course, these

reports are often from caregivers who are not conducting the kind of detailed face

recognition experiments carried out in the current study. It may be that the AD patients'

ability to use contextual cues hides this face perception deficit until later stages of AD

when the damage has spread to more parietal and frontal regions of the brain and they are

no longer able to piece together the contextual cues.
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Dr. Jonathan Marotta
Department of Psychology
University of Manitoba

SOURCE OF' S{JPPORT: Canadian Institute of Health R.eseanch (CIHR.), Canada
Foundation for Xnnovation (CF'I), Manitoba F{ealth Research Council (MI{RC)

This consent form, a copy of which will be left with you for your records and reference, is
only part of the process of informed consent. It should give you the basic idea of what
the research is about and what your parlicipation will involve. If you would like more
detail about something mentioned here, or information not included here, you should feel
free to ask. Please take the time to read this carefully and to understand any
accompanying information.

PURPOSE: Recent research has shown that individuals with Alzheimer's disease can
have difficulty identifying objects rotated in space. In other words if presented with two
identical objects, but one is shown at a different angle, individuals witir Alzheimer,s may
find it difficult to tell whether they are the same or different.

Our laboratory is interested in finding whether the difficulty with mental rotation
of objects also occurs in face recognition. You have been asked to participate in this
study because you are an adult 60 years or older.

DESCR.IPTIÛN: You will be using a Macintosh computer, which will display a rarget
face, plus two other choice faces. Your task will requiie you to match one of ,.choice,,
faces with the target face presented to you. The speedand accuracy of your response will
be recorded. The whole procedure will take approximately 60 minutes tó comptåte.

RISKS AND BENEFITS: There are no evident risks inherent in the tasks you will
perform but some of the tests may be challenging. While this may be frustrating to you,
there will always be an investigator with you to assist you and support you.

COSTS ,{NÐ PAYMENTS: There are no fees or charges to participate in this study.
You will not receive any payment for your participation. We wiit reimburse you for any
out-of-pocket expenses for your participation.

CONFIÐENTIALITY: Your information witt be kept conf,rdential. you will be
referred to by a code number. Your files will only be accèssible by the investigators and
will be destroyed 5 years after the completion of the study.

VOLUNT,AR.Y CONSENT: Your signature on this form indicates that you have
understood to your satisfaction the information regarding participation in the research
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project and agree to participate as a subject. In no way does this waive your legal rights
nor release the researchers, sponsors, or involved institutions from their legal and
professional responsibilities. You are free to withdraw from the study at any time, andlor
refrain from answering any questions you prefer to omit, without prejudice or
consequence. Your continued participation should be as informed as your initial consent,
so you should feel free to ask for clarification or new information th¡oughout your
participation.

This research has been approved by the Psychology/Sociology Research Ethics Board of
the University of Manitoba. If you have any concems or complains about this project you
may contact any of the above-named persons or the Human Ethics Secretzu'iat at 474-
7122, or e-mail Margaret bowman@urnanitoba.ca. A copy of this consent form has been
given to you to keep for your records and reference.

Signature of the Participant Date

Signature of Investi gator

If you would like a
please leave contact

general summary of the
information below.

results from this

Date

study when it is completed,
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Recruitment Letter

Dr. Jonathan Marotta and his graduate student, Cassandra Adduri, from the
Department of Psychology at the University of Manitoba are conducting a study
investigating face recognition in Alzheimer's disease. Past research has shown that
Alzheimer's disease can make it more difficult to recognize objects when they are shown
in different orientations. What is not known is if this impairment also carries over for the
recognition of faces.

We believe that this research is important, because it may reveal how the
perceptual difficulties, in particular face recognition in Alzheimeris disease can be
improved.

During this study, participants will be shown atarget face and two choice faces on
a computer screen. Participants will be asked to match the target face to one of the two
choice faces and record their response by pressing a button òn a keypad. The entire
procedure takes approximately t hour and can be conducted at thà University of
Manitoba or in your home if it is mon e convenient.

This project has received ethics approval from the University of Manitoba. This
study is purely voluntary, you will not be paid to participate, nor will you incur any
expense - any reasonable out-of-pocket expenses will be reimbursed.

We are now looking for individuals who are over 60 years of age with or without
Alzheimer's disease to participate in our study. If you would be wilúng to participate,
please call cassandra Adduri at or you can "-*uil us at
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Appendix C

Health Questionnaire

Backqround Information: Please fill in the blank or circle the best answer.

What is your birth date?
left handed I

Gender M F You are: I right handed

Are you currently employed? [Yes No ]

What is/was your occupation? [ current? or former?]

Circle number of years cornpleted in school (or if currently a student, circle your
current year):
K1234 567 89101112 1314 1516 17 1819
20 21+

Degree(s) held:

ls English your first language? [Yes No ]

How good is your understanding of English? [ Excellent Good Fair Poor ]

Vision-Related Information :

Your vision is I corrected uncorrected ] Date current prescription was obtained:

Your last eye exarn was within:
Ithe last six months the last year the last two years m

It was performed by

For example:

an (circle one):

Optician

a technician at
Pearl Vision, or
other optical store

Optometrist

a doctor who
pefforms eye
exams

ore than two years ago l

Ophthalrnologist

a doctor who treats eye
drseases, pefforms eye
surgery, & may perform eye
exams

Other

Describe quality of Near vision: I Excellent Good Fair Poor ]

Describe quality of Far vision: I Excellent Good Fair Poor ]
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Do you, or have you had: Glaucoma IYes No ] Which eye? [ left right ]

Cataracts IYes No Had corrective surgery ]Which eye? [ left right ]

Details Glaucorna or Cataracts:

Describe any current or past vision problems or eye injuries:

Health-Related I nformation :

Describe present state of health I Excellent Good Fair poor 
]

Have you ever been diagnosed with Alzheimer's Disease, Probable Alzheimer's
Disease, Dementia, Parkinson's Disease, or any other neurological disorder? [ Yes
NoI

lf "Yes", please indicate:

l-lave you ever experienced any of the following? (circle Yes or No)

of

Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No

any

Yes No
Yes No
Yes No
Yes No
Yes No
Yes No

please

Blow to the head
Loss of consciousness
Severe Headaches
Stroke
l-ligh Blood Pressure
Diabetes
Depression

ttYcs" ânslvers above.

Seizures
Cancer / T¡¡mors
l'leart Problems
Kidney Problems
Lung Problenns
Thyroid Problems

describe fully rvith dâtes:

To be fìlled out bv Interviewer:

Deme¡rtia Ratine Scale Score

MMSE score

Visual Acuity Score
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Appendix D

Famous Faces Stimuli

1. John F. Kennedy (former President)

2. Frank Sinatra (Performer/Singer)

3. Jacqueline Kennedy Onassis (first lady)

4. Elizabeth Taylor (Actress)

5. Che Guevara (Latin American guenilla)

6. Marilyn Monroe (Actress)

7. Katharine Hepburn (Actress)

8. Richard Nixon (former President)

9. David Letterman (tv host)

10. Fidel Castro (Cuban leader)

11. Bill Clinton (former President)

12. John Wayne (Actor)

I 3. Barbara Streisand (Singer/Actress)

14. Charlie Chaplin (Actor)

15. Oprah Winfrey (tv host)
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Appendix E

Boston Naming Items

1. House

2. Comb

3. Toothbrush

4. Octopus

5. Bench

6. Volcano

7. Canoe

8. Beaver

9. Cactus

10. Hammock

1 1. Stethoscope

12. Unicorn

13. Tripod

14. Sphinx

15. Palette


