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ABSTRACT 

The present study investigated the nature of affect 

processing deficits in Alzheimer's Disease (AD) through 

administration of a series of affect perception and 

interpretation tasks. Three tasks involved perceptual 

classification of emotional stimuli: 1) discrimination of 

face identi ty, 2) discrimination of genuine emotions from 

facial grimaces that did not conform to recognizable emo

tional expressions, and 3) discrimination of facial affect 

expressions. Tasks assessing 1) verbal identification of 

facial affect, 2) labeling of situational affect, and 3) 

matching facial affect photographs to emotions depicted in 

complex scenes, were used to investigate the integrity of 

more complex, semantic-associative processes in AD. Twenty 

adults with neurologic diagnoses of AD and 18 healthy 

control subjects participated in the study. 

The ability of AD patients to perform fundamental 

face processing tasks supported the hypothesis that basic 

perceptual classification functions may be spared in mild to 

moderate stages of AD. In contrast, AD patients were dif-

ferentially impaired on associative affect tasks, suggesting 

breakdowns in processes relying upon the activation of 

higher-order, emotion-specific semantic representations. 
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The integrity of a hierarchical model of face 

processing abilities was assessed by comparing the actual 

distribution of subjects' scores to three theoretical 

distributions. As predicted, the hierarchical model 

reflected the best 'goodness-of-fit' with both AD and 

control distributions. 

Evidence that AD patients were able to benefit from 

emotional cues on a task requiring subjects to match facial 

affect expressions to emotional scenes was interpreted as 

supporting the hypothesis that primary stores of affect 

knowledge are preserved in AD but may be severely disor-

ganized or inefficiently accessed. These findings were 

interpreted in terms of emotional semantics and their rela

tionship to information processing models of facial affect 

recognition. 

Finally, no statistical relationship between affect 

processing variables and caregiver burden was found in the 

present study. . The need for future studies to clar ify the 

nature of semantic competency for affect processing in AD, 

and to provide a greater understanding of caregiver burden 

and its relationship to the emotional behavior of neurologi

cally impaired adults, is discussed. 
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INTRODUCTION AND LITERATURE REVIEW 

Historically, human emotion has been divided into 

three primary domains: behavioral, physiological, and 

cognitive processing (Kolb & Whishaw, 1990). The behavioral 

component of emotion consists of overt behaviors which are 

the essential features of interpersonal communication that 

provide for the interpretation of affective states. These 

behaviors include facial expression, gesture, and affective 

prosody. Physiological mechanisms of emotion encompass a 

constellation of central and autonomic nervous system 

activity, the effects of which include alterations in heart 

rate, blood pressure, respiration, hormone levels, subcorti

cal and cortical activity. The third domain of emotion 

falls under the broad category of cognitive processes, and 

includes a wide range of linguistic, gnostic, and mnemonic 

operations as well as the subjective experience of affective 

states. Human emotion is typically considered a product of 

the synergistic effects of behavior, physiological, and 

cognitive factors, although desynchrony among these systems 

is well-documented (Buck, 1988). 

In identifying relevant cognitive, physiological and 

behavioral features of emotional processing in AD, orienta

tion to the first of these approaches is provided through 
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brief review of several associative network theories of 

semantic memory. These ideas underlie many cognitive 

approaches to the study of emotion, and constitute the basic 

conceptual framework for contemporary studies of semantic 

processing in Alzheimer's disease (AD). A general review of 

the primary features of AD, including emotional and behav-

ioral sequelae, is provided in Appendix A. 

Cognitive Approaches to the 
study of Emotion 

Network Models of Semantic processing 

In 1972, Endel Tulving posited that long-term memory 

can be partitioned into two conceptually distinct domains. 

One, termed episodic memory, is proposed to hold autobiogra-

phical information regarding dated events encoded according 

to spatial-temporal context. The episodic memory system is 

responsible for the manipulation and storage of day-to-day 

knowledge acquired within the context of one's everyday 

activities. The semantic memory system, in contrast, is 

considered to encompass mental representations, related 

operations or transformations, and storage of general 

knowledge about the world, independent from temporal or 

contextual references. Nebes (1989) thus described semantic 

memory as "an organized body of knowledge involving words, 

concepts, their meanings and associations and the rules for 

manipulating these symbols and concepts." In keeping with 
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this dichotomy, emotional processing is presumed to take 

place within the broad structure of semantic memory. 

Early attempts to describe and simulate the 

structure of cognitive and mnemonic processing in humans 

first emerged in the form of computational models of 

semantic memory (e.g. Norman & Rumelhart, 1975; Smith, 

Shoben, & Rips, 1974). One of the first efforts to 

construct a theory of memory organization arose from ROSS 

Quillian's work in creating computer simulations of human 

cognitive processes (Quillian 1962, 1969). Moreover, 

Quillian's associative network theory provided the basis for 

many subsequent conceptualizations of cognitive mechanisms 

mediating, or otherwise linked with, affective processes in 

humans. Several years later, Collins and Loftus published 

their spreading activation theory of semantic processing 

(Collins & Loftus, 1975) and Gordon Bower expanded on the 

former theories to create a network theory of emotion 

processing in humans (Bower, 1981). The major features of 

these theories are summarized below, and provide an inter

pretive framework for understanding the role of contextual 

cues in affect-processing, as well as suggest mechanisms 

underlying deficits on associative-affective tasks. 

Collins and Quillian (1969) proposed that semantic 

memory search is facilitated through the serial activation 

and dissemination of information among specific semantic 
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units, called concept nodes, which contain the meanings of 

individual words or phrases. These units are joined to 

other semantic units by various bi-directional pointers that 

facilitate shared communication of information. In turn, 

concept nodes are embedded within meaningful, uniquely 

defined configurations, termed semantic networks. According 

to Quillian, two primary assumptions governed the structure 

of memory organization. The first assumption was that basic 

properties are not stored at all relevant nodes, but only at 

their most general node, facilitating an economic means of 

information storage. For example, the concept eats would be 

stored with animal, since the fact that birds eat and fish 

eat originate from the fact that bird and fish are contained 

within the concept node animal. The second core assumption 

of Quillian's theory was that the semantic network is 

hierarchically organized such that superordinate concepts, 

such as bird, succeed subordinate concepts, such as sparrow, 

robin, and canary, within the general semantic structure. 

The dynamic operation of the associative network is 

purportedly initiated by a memory search process in which 

individual nodes are successively marked with an activation 

tag that contains information from the original source and 

preceding nodes. The point at which these tags intersect 

invokes an evaluative process whereby decision rules are 

implemented and semantic decisions are rendered according to 
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If a given path of the 

network is rejected based upon a failure to conform to such 

constraints, the relationship is falsified and processing 

stopped. If the path is equivocal, alternative paths are 

identified, selected, and implemented. Quillian's computer

based model of semantic memory received considerable 

empirical support and was highly influential in the field of 

cognitive psychology and artificial intelligence. 

In 1975, Collins and Loftus revised Quillian's 

associative memory theory in an attempt to clarify what the 

authors perceived as frequent "misinterpretations" of 

Quillian's work emerging in the contemporary literature, and 

to apply the theory to a broadening field of experimental 

findings. Termed the spreading-activation theory of 

semantic processing, Collins and Loftus retained the basic 

tenants of the original conceptualization, but added a 

number of structural changes to accommodate a range of 

experimental data collected by the second author. Specifi

cally, the revised theory of mental representation proposed 

that 1) knowledge contained in memory is organized according 

to semantic similarity, 2) the names of concepts are 

organized according to phonemic similarity in a 'lexical 

d i c tionary,' and 3) individuals are capable of select i vely 

controlling which semantic network is primed, or readied for 

activation. Additional assumptions proposed by Collins and 
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Loftus addressed the processes by which concepts are 

matched, including property comparisons, superordinate 

connections, and distinguishing properties. Paths through 

the network are purportedly created by a passive activation 

process initiating from presented concept words and 

disseminating in a decreasing gradient along connections 

between these concepts. As noted by Chang (1986), 

Quillian's explicit assumptions of cognitive economy and 

structural hierarchy were fundamentally dismissed in the 

Collins and Loftus reformulation. However, economy of 

information processing is implied through the imposition of 

organizational structure and is supported by experimental 

findings, such as differences in reaction time on semantic 

decision tasks. 

Several years later, Gordon Bower proposed an 

associative network theory of memory and emotional 

processing in an effort to explain mood-state dependent 

phenomena (Bower, 1981). Born of associative network 

theories of semantic processing (e.g. Anderson & Bower, 

1973; Collins & Loftus, 1975), Bower's theory of mood and 

memory was founded upon the notion that memories, or mental 

representations of events, are recorded in clusters of 

descriptive propositions, residing within circumscribed 

semantic units. In reference to the former theoretical 

descriptions, associative connections are purportedly formed 
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by the activation and subsequent dissemination of informa

tion among groups of related semantic nodes. Bower's primary 

contribution to the study of semantic organization was his 

extension of these basic propositions to explain cognitive 

mechanisms responsible for the processing of affective 

states, in which emotion nodes are systematically activated 

through physiological or symbolic-verbal mechanisms. 

According to Bower's theory, upon exceeding a given 

processing threshold, units associated with an affective 

state are engaged through the activation of associative 

linkages, and ultimately produce the corresponding mood or 

emotional experience. In this way, human emotion is 

processed through a network of interconnected, or associated 

units, which include related semantic knowledge, physiologic 

reactions, behavioral responses, and stored memories of 

similar events. 

Although the former conceptualizations constitute 

only a few of the information processing models developed 

over the past two decades, they continue to provide the 

basic foundation of most current studies investigating the 

workings of semantic memory. Reference to these models has 

been particularly useful in attempts to understand the 

nature of semantic memory processes in clinical populations 

known to demonstrate progressive deterioration of semantic 

knowledge. Not surprisingly, the most common disease entity 
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associated with profound declines in semantic memory func-

tioning is AD. 

Semantic Memory in Alzheimer's 
Disease (AD) 

As previously described, semantic memory encompasses 

general knowledge about the world, independent of the time 

or context in which such knowledge was acquired. Episodic 

memory, in contrast, is autobiographical in nature and 

contains information about specific events and corresponding 

temporal-spatial relationships. AD patients suffer from 

impairment of both episodic and semantic memory. Episodic 

memory in AD has been extensively examined in both clinical 

and experimental settings, revealing widespread deficits on 

standardized tests of primary, secondary, and 

autobiographical memory (Kaszniak, Poon, & Riege, 1986). 

Of importance to the immediate research, however, is 

the nature of semantic memory impairment in AD. The 

severity of semantic processing deficits differentiates 

dementing illnesses from other amnestic disorders (Butters, 

Granholm, Salmon, & Grant, 1987). However, researchers in 

this area hold conflicting opinions regarding the mechanisms 

mediating semantic competence in AD. One widely held 

explanation for the pervasive disturbance in semantic 

processing is that the fundamental store of semantic 

knowledge is lost as a casualty of the disease process 
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itself (e.g. Heindel, Salmon & Butters, 1990; Huff, Corkin, 

& Growdon, 1986; Salmon, Shimmamura, Butters, & Smith, 

1988). Alternatively, it has been proposed that the source 

of such deficits lies within the process of lexical search 

and access, sparing the structural core of semantic repre

sentation (e.g. Albert & f.H1berg, 1989; Grober, Buschke, 

Kawas, & Fu1d, 1985; Nebes & Brady, 1990). Both positions 

have received considerable empirical support, as indicated 

in the following description of language-based performance 

deficits in AD. 

As reviewed by Nebes (1989), four lines of empirical 

evidence illustrate the breadth of semantic memory deficits 

in patients with primary degenerative dementia: impaired 

word-finding ability, concept meaning, ability to benefit 

from semantic context, and difficulty using semantic 

structure to facilitate performance on episodic memory 

tasks. Among AD patients, word-finding difficulty is often 

one of the first signs of impaired semantic processing, and 

is evidenced by various problems with spontaneous speech 

including frequent use of semantic substitutions, phonemic 

paraphasias, and circumlocutions (Kempler, Curtiss, & 

Jackson, 1987; Nicolas, Ob1er, Albert, & Helm-Estabrooks 

1985). Declines in object naming ability (Kirshner, Webb, & 

Kelly, 1984), low and inappropriate production on verbal 

fluency tasks (Ober, Dronkers, Koss, Delis, & Friedland, 
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1986), and poor performance on tasks that require patients 

to name to definition (Rissenberg & Glanzer, 1987) consti

tute further evidence of verbal difficulty in AD. It has 

been suggested that such impairments result from the 

inability of AD patients to use information about semantic 

attributes for stimulus identification (Bayles & Tomoeda, 

1983; Flicker, Ferris, Crook, & Bartus 1987), although the 

mechanism underlying this deficit is unclear. 

relevant to this hypothesis include evidence 

Findings 

that AD 

patients demonstrate adequate access to high and low

frequency exemplars on verbal fluency tasks, in a hierar

chical pattern indicating that the dominance and frequency 

structure within semantic memory is intact (Nebes & Brady, 

1990; Ober, Dronkers, Koss, Dellis, & Friedland, 1986). In 

addition, it has been argued that since frequency is 

considered a property of an objects' name, as opposed to an 

association of the object itself or its meaning, evidence 

that naming is worse for low-frequency vs. common words on 

confrontation-naming tasks is said to implicate processing 

inefficiencies in lexical search and retrieval rather than 

indicative of a more global loss of semantic knowledge per 

se (Kirshner, Webb, & Kelly, 1984; Nebes, 1989). 

The view that word concepts undergo progressive 

deterioration in AD is most strongly supported by studies 

demonstrating failure of patients' performance attempts in 
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name-recognition paradigms (e.g. Flicker, Ferris, Crook, & 

Bartus, 1987; Skelton-Robinson & Jones, 1984). It has been 

suggested that such conflicting results and varying 

interpretations of the data may be understood by taking into 

account the multiplicity of factors influencing lexical 

access, including poor initiative and sustained attention, 

impaired ability to generate visual imagery, and impaired 

working memory (Diesfeldt, 1985). In all, the source of 

word-finding deficits in AD remains subject to further 

investigation. 

In addition to word-finding difficulty, knowledge of 

concept meaning is characteristically impaired in AD. 

Expressive and receptive vocabulary deficits are known to 

progressively escalate over the course of the disorder (e.g. 

Bayles & Kaszniak, 1987). Similarly, deterioration of 

semantic knowledge for concept attributes (e.g. physical 

features, functional use, relative importance of attributes 

in determining concept membership) and for the generation of 

word associations have been well-documented (e.g. Gewirth, 

Shindler & Hier, 1984; Grober, Buschke, Kawas, & Fuld, 1985; 

Huff, Corkin, & Growdon, 1986). Category knowledge, in 

contrast, appears to be preserved in AD, providing the task 

does not require generation of exemplars by self-directed 

lexical search, as in verbal fluency tasks (e.g. Huff et aI, 

1986; Martin & Fedio, 1983). The ability to sort objects, 
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words, or pictorial representations of category exemplars by 

superordinate category has been cited as supporting the 

position that AD patients retain selective forms of lexical 

and semantic knowledge (Huff et ale 1986; Nebes, Boller, & 

Holland, 1986). 

Paradigms investigating the effect of semantic 

context on experimental task performance have been used in a 

third line of research examining the nature of semantic 

structure deficits in AD. Priming studies have been parti

cularly instructive in this regard, and are conceptually 

linked to mechanisms delineated in network theories of 

semantic memory. Returning to Collins and Loftus' spreading 

activation theory, it is recalled that concepts are repre

sented as individual units or nodes that collectively form 

associative networks. Activation of a concept node occurs 

in response to an external stimulUS or to activation by 

other nodes within the associative network. Processing 

subsequently disseminates to related nodes, which are 

automatically made more accessible for further processing. 

Semantic priming is demonstrated when the processing 

efficiency of a given stimulus is increased due to prior 

exposure of a related stimulus. For example, if a semanti

cally related prime, such as the word robin, precedes the 

target word canary in a reaction time paradigm, the target 

word is processed faster than if an unrelated prime (e.g. 
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hat) was exposed prior to target presentation. Facilitation 

effects are thus taken as evidence of spreading activation 

from a semantic representation to associated words or 

concepts. In addition to decreased reaction time on word

naming tasks, AD patients have demonstrated facilitation 

effects on lexical decision tasks (Margolin, 1987; Seiden

berg, Waters, Saners, & Langer, 1984), in sentence comple

tion tasks (Nebes, Boller, & Holland, 1986), and in studies 

of repetition priming (Ober & Shenaut, 1988). Priming 

effects provide strong support for the idea that semantic 

knowledge is not lost in AD; as reasoned by one prominent 

researcher, "On the degraded store deficit, if an object can 

not be identified, it should not be possible to prime it" 

(Shallice, 1988). However, proponents of the view that the 

semantic network is dissolved in AD emphasize that not all 

published studies have found priming effects in AD (e.g. 

Ober & Shenaut, 1988; Salmon, Shimmamura, Butters, & Smith, 

1988) and facilitation effects do not seem to occur with 

associative priming paradigms (Salmon et al., 1988; Huff et 

al., 1988) nor when pictorial primes are used (Margolin, 

1987). 

Semantic context effects have also been demonstrated 

on sentence completion tasks, but appear limited to condi

tions where the context itself leaves little room for 

ambigui ty (Nebes, et al., 1986). Mixed results have been 
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reported in terms of AD patients' performance on error 

detection tasks (Bayles, 1982: Cushman & Caine, 1987). 

Based upon the premise that semantic context is commonly 

used to disambiguate words, several studies have investi

gated the ability of AD patients to benefit from semantic 

and syntactic contexts on homophome disambiguation tasks 

(e. g. completing the series church. , music. 

wi th hymn vs. him). Contrary to spreading-activation 

predictions, exposure to semantically or syntactically 

related words appears much less influential in AD patients' 

performance compared to normal controls (Balota & Duchek, 

1991: Cushman & Caine, 1987: Kempler, Curtiss, & Jackson, 

1987). 

Finally, a number of laboratory investigations have 

examined the impact of semantic memory on performance of 

episodic memory tasks. The idea that deficiencies on 

episodic memory tasks are due, at least in part, to the 

difficulty with which AD patients access semantic represen

tations necessary for adequate encoding and interpretation 

of environmental events has received empirical support. 

Weingartner, Kaye, Smallberg, Ebert, Gillin, and Sitaram 

(1981) found that the performance of AD patients was not 

facilitated by the availability of semantic structure in a 

list-learning task (i. e. category membership), and that 

their performance did not show any attempt to self-impose 
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structure (Le. clustering of items) on the material. In 

addition, performance did not improve across repeated 

trials. However, AD patients were able to sort words by 

semantic category, indicating that the former deficits were 

due to impaired semantic access rather than a primary store 

deficit. 

A study by Martin, Brouwers, Cox, and Fedio (1985) 

varied encoding manipulations on a list learning task in a 

depth of processing paradigm. AD patients and normal sub

jects recalled more words from lists in semantic orienting 

conditions than from a list processed according to word 

sound, implying that AD patients retain, and can benefit 

from, certain aspects of semantic structure. However, ana

lysis of patients' error patterns on a separate recognition 

task also showed that AD patients often selected semanti

cally similar distractors. Taken together, Martin and 

colleagues interpreted their data as evidence that AD 

patients do not encode semantic features broadly enough to 

allow for accurate discrimination between related concepts. 

Other studies, however, have reported that AD patients do 

not benefit from semantic orientation (Corkin, 1982; Rosen

baum, Soule, & Drexler, 1988), implying a more generalized 

loss of semantic knowledge. 

A third study by Nebes, Brady, and Jackson (1989) 
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examined the effect of semantic structure on verbal recall 

of sentences. Subjects were required to recall four types 

of sentences: 1) normal, 2) semantically anomalous 

sentences describing impossible events, 3) syntactically 

anomalous sentences in which the word order of normal 

sentences was interchanged, and 4) both semantically and 

syntactically anomalous sentences. Recall for both AD and 

normal subjects across sentence type was similar, with 

greater recall of normal sentences compared to both 

semantically and syntactically anomalous sentences. Poorest 

recall was associated with sentences in which both semantic 

and syntactic structure were violated. The consistency of 

AD patients' pattern of performance with normals was again 

seen as evidence that demented patients use semantic 

structure to facilitate recall on episodic memory tasks. 

Summary 

In summary, the underlying mechanism for semantic 

memory deficits in AD, based upon associative network 

models, has been conceptualized either as 1) a primary 

storage deficit implicating loss of semantic knowledge, or 

2) a breakdown in the markers, attributes, or associations 

(i.e. 'descriptive propositions') which determine concept 

meaning. The latter conceptualization is commonly viewed as 

indicative of processing inefficiencies in lexical, and or 

conceptual, search, access, and/or organization. 
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The present study was founded upon the theories of 

semantic memory structure described above. In examination of 

affect processing in AD, patients and control subjects en

gaged in a series of perceptual, verbal-semantic and visual

semantic (i.e. associative) tasks. It will be suggested that 

deficits on associative tasks support the hypothesis of a 

processing breakdown occurring within semantic associative 

networks for emotional concepts. In addition, facilitation 

effects associated with semantic encoding of visual-semantic 

material may imply that the performance deficits on affect 

associative tasks result from inefficient lexical access or 

organization of semantic memory. Absence of such effects 

would support the existence a more fundamental processing 

deficit implicating a fundamental loss of semantic repre

sentation. Importantly, this study is not able to identify 

the specific mechanisms responsible for a central affect 

processing deficit (e.g. premature degradation of semantic 

activation, a failure to correctly match concepts, sub

threshold processing at the intersection between concept 

nodes). Rather, this study is intended to evaluate the 

nature of affect processing abilities and deficits of 

patients with degenerative dementia in an attempt to provide 

differential empirical support for the two theoretical 

models described above. The distinction between a degraded 

store deficit and access/organization deficits in AD will 
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again be addressed, in the context of the present findings, 

within the discussion section of this paper. 

Biological Approaches to 
the study of Emotion 

Hemispheric Differences 

The relationship between cerebral hemispheric 

asymmetries and corresponding functional specialization has 

been extensively explored through investigations of patients 

with neurological disease and through experimental studies 

of cognitive processing in healthy, neurologically intact 

individuals. Results have convincingly established a pri-

macy of the left hemisphere for speech production, analytic 

reasoning, linguistic knowledge, and analysis of verbal 

information. In addition, a right hemisphere superiority 

has been determined for the processing of visual space and 

nonverbal material (see reviews by Dimond & Beaumont, 1974; 

Moscovich, 1976). 

Consistent with these data, both clinical and 

empirical investigations have documented hemispheric 

specialization for emotional processing. It is generally 

held that the emotional processing capacities of the right 

hemisphere are greater than those of the left hemisphere. 

Investigations of affective processing have revealed a right 

hemisphere specialization for the comprehension and produc-

tion of emotional speech (Gorelick & Ross, 1987; Heilman, 
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Scholes, & Watson, 1975; Kolb & Taylor, 1981; ROSS, 1981), 

emotional gesturing (ROSS, 1981, Shapiro, & Danly, 1985), 

comprehension of humor (Gardner, Ling, Flamm, & Silverman, 

1975), and the perception and analysis of emotional 

expressions (Buchtel, Campari, DeRiso, & Rota, 1978; Safer, 

1981) . The consistency of these data have led numerous re

searchers to conclude that right hemisphere fully dominates 

human emotional processing (e.g. Levy, Heller, Banich, & 

Burton, 1983; Ley & Bryden, 1982). Overall, these results 

support the idea that mental representations of human 

emotion primarily reside within the right hemisphere. 

Hemispheric differences in affective expression and 

subjective experience of emotion have also been documented. 

For example, among right-handed subjects, lesions of the 

left hemisphere have been associated with depressive

catastrophic reactions, whereas right-hemisphere lesions 

have been associated with emotional ambivalence, or an 

"indifference reaction" (Gainotti, 1972a, 1972b; Goldstein, 

1939; Sackheim et al., 1980). catastrophic and indifference 

reactions have been similarly observed in neurosurgical can

didates undergoing sodium Amy tal-induced anesthesia (Rossi & 

Rosandini, 1967; Terzian, 1964). However, lateralized 

effects have not been consistently reported with this 

procedure (Kolb and Milner, 1981; Rovetta, 1960). Among 

neurologically intact subjects, cerebral asymmetry in 



29 

emotional processing has been inferred from evidence of a 

left hemisphere specialization for the expression and 

processing of positive emotions vs. a right hemisphere 

superiority for the display of negative emotions (Davidson, 

1984; Sackeim, Greenberg, Weiman, Gur, Hungerbuhler, & 

Geschwind, 1982). It has also been suggested that the left 

hemisphere may mediate anxiety and cognitive rumination, and 

is able to exert inhibitory control over the right hemis

phere (perris, Monakhov, Von Knorring, Botskarev, & 

Nikiforov, 1978). 

Anterior vs. Posterior Distinctions 

A second important pattern of cerebral organization 

for emotional functioning is the division of anterior vs. 

posterior regions of the brain. Based upon examination of 

right-hemisphere stroke patients, Ross (1981) posited a 

functional-anatomical organization associated with abnorma

lities in emotional expression and comprehension analogous 

to aphasia syndromes of the left hemisphere. His classi

fication system for these disorders, termed aprosodias, 

consisted of an anterior-posterior system mediating the 

expression and comprehension of emotional communication 

through speech prosody. These distinctions continue to 

await consistent empirical support. 

In contrast, it has been reasonably well documented 
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that right and left frontal regions of the brain differen

tially regulate positive and negative mood states, respec

tively (e.g. Davidson, 1984; Robinson, Kubos, starr, Rao, & 

Price, 1984). For example, EEG recordings of clinically 

depressed subjects have revealed a high positive correlation 

between decreased activation in left frontal areas and 

severity of depression (Perris, 1975; Perris et al., 1978). 

Concordant evidence indicating frontal regulation of 

affective states is found in examinations of metabolic cere

bral functions in clinically depressed patients. O'Connell 

and colleagues (1989) investigated the relationship between 

regional cerebral blood flow (rCBF) by SPECT and psychiatric 

disorders in a sample of 94 inpatients, of which 22 met DSM

III criteria for Major Depressive Disorder (MDD). SPECT 

images in the depressed patients revealed global decreases 

in RCBF, with pronounced reductions occurring in the basal 

ganglia and frontal lobes, bilaterally. Baxter and col

leagues (1989) examined glucose metabolism (by PET) in four 

groups of experimental subjects: unipolar MDD, bipolar 

(de,pressed and manic phase), and obsessive-compulsive 

Dis 0 r de r (OCD; depressed and nondepressed). PET findings 

indicated lower mean rates of glucose metabolism for the 

left dorsal anterolateral prefrontal cortex (ALPFC) in 

subjects with primary depressions (unipolar and bipolar), as 

compared to both healthy controls and OCD patients without 
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depression. Of interest is the finding that subjects' 

ratings on the Hamilton Depression Rating Scale (HAM-D) 

correlated significantly with the ratio score used to 

compare metabolic rates between groups (ALPFC divided by the 

rate for the entire ipsilateral hemisphere--ALPFC/hem), and 

that the introduction of antidepressant medication corre

lated with increases in the ALPFC/hem ratio and decreases on 

the HAM-D. The authors conclude that their data support the 

hypothesis that the expression of MDD is associated with 

left ALPFC dysfunction. Support for this conclusion is also 

found in studies reporting a reliable correlation between 

severity of depression and proximity of lesions to the 

anterior pole of the left hemisphere (e.g. Robinson & Chait 

1985; Robinson, Kubos, Starr, Rao, & Price, 1984). 

In contrast, posterior regions of the brain are 

associated with quite different aspects of emotional proces

sing. Empirical and clinical studies have established the 

importance of the posterior division of the brain, predomi

nantly the right parietal cortex, in orientation to novel 

stimuli and in regulating arousal across both cerebral 

hemispheres through its connections with limbic and frontal 

structures (e.g. Heilman, Watson, & Valenstein, 1985; Tucker 

& Williamson, 1984). Neurological patients with damage to 

this area manifest a wide range of behavioral deficits, 

including impaired attentional processing, slowed reaction 
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times, and lower GSR amplitudes in response to a variety of 

experimental stimuli. Evidence of the relationship between 

arousal and right parietal functioning has also been reli

ably documented in studies of normal subjects (e.g. Mesulum, 

1981; Tucker & Williamson, 1984). 

Additionally, the parietal lobes contain areas of 

functional specialization for processing somatic sensations 

and perceptions, and for the integration of sensory input. 

Regions of the right parietal lobe assume a dominant role in 

the interpretation of emotional information and in the 

regulation of autonomic functioning (Heilman, Schwartz, & 

Watson, 1978; Valenstein & Heilman, 1984). 

Such differences in functional specialization of 

anterior and posterior divisions of the brain have implica

tions for the performance of AD patients on different types 

of emotion processing tasks. Specifically, neuropathologi-

cal changes advance from temporoparietal regions of the 

brain to frontal areas as the disease progresses, and as a 

result anterior cortical regions responsible for the 

integration of complex material become proportionately 

compromised. The integrity of the frontal lobes has been 

specifically implicated in the ability to perform tests 

involving interpretation of situational affect (Kolb & 

Taylor, 1988), in addition to playing a primary role in 

verbal abstraction and complex integration of information. 
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It follows that the performance of AD patients on experi-

mental tasks involving processing of complex emotional 

material (i.e. semantic associative tasks) would concomi

tantly deteriorate with progression of the disease, although 

the precise nature of such deficits may not be explained 

exclusively on the basis of global declines in cognitive 

functioning. 

Subcortical Mechanisms 

The focus of this review has been on neocortical 

structures involved in the comprehension and communication 

of emotion, although it is also recognized that limbic 

system and subcortical structures are critical centers for 

the regulation of physiological changes associated with 

emotional reactions. For example, among neurological 

patients, pathological crying and laughing occurring in the 

context of an ictal event is attributed to seizure foci in 

close approximation to limbic system structures. The 

syndrome of pseudobulbar palsy results from the interruption 

of corticobulbar motor pathways bilaterally and is associ

ated with involuntary laughing and crying in the absence of 

subjective feelings of corresponding emotions (Heilman, 

Bowers, & Valenstein, 1985). Moreover, patients with 

disease processes involving the basal ganglia, such as 

Parkinson's disease and Huntington's disease, commonly 

experience significant emotional disturbances (Cancellier & 
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Hausdorf, 1987; Darkins, Fromkin, & Benson, 1988; Poeck, 

1985). In a recent study, Cancellier and Kertesz (1990) 

examined emotional expression and comprehension abilities in 

a series of stroke patients (28 RH and 18 L) classified 

according to Ross' taxonomy of aprosodic syndromes (1981). 

Lesion tracings revealed a primary involvement of the basal 

ganglia in the comprehension of emotional expression, inter

pretation of emotional situations, and in the manifestation 

of aprosodic syndromes across all patient groups. 

The previous sections have described higher-order 

cognitive processes and neuroanatomical features of emotion 

related to the study of emotional processing in AD. The 

focus of the following review turns to more specific 

processing mechanisms responsible for face perception and 

interpretation of facial expressions. 

Mechanisms of Face Perception 

Given the visuospatial complexity of the human face, 

it is not surprising that a right hemisphere primacy for the 

processing facial features and associated information has 

been established (Blonder, Bowers, & Heilman, 1991; Derenzi, 

1982; Ley & Bryden, 1979; Rizzolatti, Umilta, & Berlucci, 

1971) • The question of whether faces undergo more refined 

information processing, separate from other complex visual 

arrays, has also been examined. In his review of neuro

biological studies of face perception, Jeeves (1984) 
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identified several lines of converging evidence supporting 

the existence of specific neural mechanisms responsible for 

the processing of faces. For example, laboratory studies of 

face perception in non-human primates by Rolls (1984) and 

Perrett and colleagues (1984) assessed the distribution and 

differential sensitivity of cells within the temporal cortex 

of macaque monkeys to various aspects of facial stimuli. In 

independent reports, single cell EEG recordings implicated 

the existence of a "face specific" mechanism consisting of a 

population of neurons located within the anterior and mesial 

temporal sulcus of the temporal lobe. Evidence consistent 

with this finding has been reported in similar investiga

tions of face perception in non-human primates (Perret et 

al., 1984; Perret et al., 1982; Desimone, Albright, Gross, 

& Bruce, 1984) and in the finding of face-specific neurons 

located in the temporal cortex of sheep (Kendrick & Baldwin, 

1987). 

A limited amount of physiological data implicating 

comparable face-responsive mechanisms in humans has emerged 

from laboratory EEG studies. Differential suppression of 

EEG alpha activity (Dumas & Morgan, 1975) and increased P-

300 amplitude (Small, 1983; Sobotka, Pizlo, & Budohoska, 

1984) in response to presentation of face vs. complex visual 

stimuli have implicated a right hemisphere superiority for 

face processing. Grusser, Kirchhoff, and Naumann (1990) 
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used a series of stimulus paradigms in their investigation 

of EP responses to presentation of schematic drawings and of 

black and white photographs of familiar and unfamiliar 

faces. Evoked responses to face stimuli were found to be 

most prominent in midline recordings, suggestive of 

increased electrical activity in the cingulate gyrus and 

deep limbic structures of the temporal lobe, bilaterally. 

Similar results were reported by Jeffreys and Musselwhite 

(1987). 

Further evidence that a specific neural system for 

faces exists in the brain has been gathered from neuropsy

chological studies. Of particular relevance to this hypo

thesis is the neurological syndrome known as prosopagnosia. 

Prosopagnosia is clinically manifested as a dissociation 

between the recognition of familiar faces and the discri

mination of unfamiliar faces. Despite the inability to 

identify familiar faces on confrontation, patients with face 

agnosia are often able to correctly identify individuals on 

the basis of voice recognition or other salient characteris

tics (Kolb & Whishaw, 1990). Covert recognition paradigms 

have documented a dissociation between patients' inability 

to demonstrate overt recognition of faces (through verbal 

report) and covert recognition via positive physiological 

responses (i.e. electrodermal skin conductance response). 

Although a contin~ing debate exists regarding the site of 
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lesion/s responsible this deficit, the strongest evidence to 

date points to bilateral lesions of the central visual sys-

tern, located within the visual association cortex (Damasio, 

Tranel, & Damasio, 1990). Interestingly, patients with 

prosopagnosia often demonstrate similar dissociations 

between other forms of familiar and unfamiliar stimuli (e.g. 

animals, cars, architectural structures) implicating a more 

widespread impairment of categorical processing (Bornstein, 

1963; Damasio, Damasio, & Van Hoensen, 1982; Lhermitte, 

1972). Despite such reports, results of the former experi-

mental and electrophysiological studies, in conjunction with 

developmental and cross-cultural studies of face perception, 

suggest that the brain houses a 'hard-wired' system uniquely 

designed for the processing of faces. Evidence for further 

specialization of this system is presented below, followed 

by review of a theoretical model of face recognition 

proposed by Bruce and Young (1986). 

Perception of Facial Expressions 
and Emotional Cues 

It follows from the research described in previous 

sections that right hemisphere (RH) is more efficient than 

the left in processing facial emotion (Buchtel, Campari, 

DeRiso, & Rota, 1978; Cicone, Wapner, & Gardner, 1980; 

DeKotsky, Heilman, Bowers, & Valenstein, 1980; Rizzolati & 

Buchtel, 1978; Safer, 1981). Patients with unilateral RH 
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lesions have been found to be differentially impaired on 

various types of affect-processing tasks, including recall 

of emotionally valenced verbal passages (Wechsler, 1973), 

comprehension of emotional speech (Safer & Leventhal, 1977; 

Tucker, Watson, and Heilman, 1976), and production of 

affective speech (Shapiro & Danly, 1985; Tucker, Watson, & 

He i Iman, 1977). A RH advantage has also been well docu

mented for the interpretation of emotional expressions in 

normal and neurologically impaired patients (e.g. Bowers, 

Bauer, Coslett, & Heilman, 1985; Ley & Bryden, 1979; Strauss 

& Moscovich, 1981) and by evidence of a left hemi-face 

superiority for observers' ratings of the displayed inten

sit y 0 f 0 the r s·' em 0 t ion ale x pre s s ion s ( e • g. B 0 rod, K 0 f f , 

Perlman, Lorch, & Nicholas, 1985, 1986: Buck & Duffy, 1980). 

However, the exact nature of the mechanisms underlying the 

RH superiority in processing visually presented affective 

stimuli is not fully understood, in part owing to the 

failure of many studies to distinguish between perceptual 

and associative processing deficits. 

In the seminal case study of visual agnosia, 

Lissauer (1890) proposed an important dichotomy of visual 

recognition processes. An "apperceptive" form of visual 

agnosia was identified as a failure to adequately integrate 

sensory information into an identifiable percept, despite 

the integrity of primary sensory functioning. An "associa-
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tive" visual agnosia, in contrast, was posited as a 

separation between the intact construction of the percept 

and associated semantic knowledge. By definition, "the core 

feature is the inability to identify objects or 

pictures despite adequate demonstrations that the stimulus 

has been perceived with sufficient resolution or detail to 

allow for identification" (Bauer & Rubens, 1985, p. 197). 

Thus, investigations of visually mediated emotional stimulus 

processing which have not included tests of perceptual 

integrity are necessarily ambiguous as to whether impaired 

interpretation of emotional expression represents a visual

semantic dissociation (i.e. an associative agnosia), versus 

a general perceptual deficit in the processing of complex 

visuospatial stimuli. This important distinction has subse

quently been supported by numerous clinical and empirical 

investigations. 

Several studies have provided compelling evidence of 

a dissociation between face perception and the comprehen

sion/interpretation of emotional expression. In a well

documented case study, Bowers and Heilman (1984) assessed 

the performance of a patient with a right hemisphere tumor, 

located in the deep occipito-temporo-parietal white matter, 

on a variety of neuropsychological and affective tasks. The 

patient's performance on tests assessing discrimination of 

faces and face identity was without error. In contrast, 
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tests of his ability to name facial expressions and to point 

to a face depicting a target emotion was significantly 

impaired. However, the design of Bowers and Heilman's study 

did not allow the distinction to be made as to whether the 

patient suffered from a facial expression anomia or an 

associative agnosia for facial expressions. A subsequent 

study controlled for such confounds and convincingly docu

mented impairment of emotion recognition in patients with 

right hemisphere damage who demonstrated intact visuopercep

tual abilities (Bowers, Bauer, Coslett, & Heilman, 1985). A 

similar dissociation was found in a case study by Rapcsak, 

Kaszniak, and Rubens (1989), and in group studies of epilep

tic patients (Fried, Mateer, Ojemann, Wohns, & Fedio, 1982), 

right hemisphere stroke patients (Borod, Koff, perlman, & 

Nicholas, 1986; Cicone, Wapner, & Gardner, 1980), unipolar 

depressives (Feinberg, Rifkin, Schaffer, & Walker, 1986); 

and in dementia patients (Brosgole, Kurucz, Plahovinsak, & 

Gumiela, 1981). 

Importantly, other researchers have found the 

opposite dissociation. Tranel, Damasio, and Damasio (1988) 

reported that in their study of four patients with docu

mented face agnosia, three patients showed a dissociation 

between impaired face discrimination and intact identi

fication of facial expression. Recently, dissociable 

impairments of face processing abilities were reported by 
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Parry, Young, Saul, and Moss (1991), who examined recogni

tion of facial expression, and of familiar and unfamiliar 

faces in 15 neurologically impaired subjects (13 with 

closed-head injuries, 1 who suffered cerebral hemorrhage and 

1 and aneurysm) and an equal number of age, education, sex, 

and intellectually matched controls. Patients were found to 

be selectively impaired on face processing tasks of equiva

lent difficulty (e.g. one patient was impaired only on the 

expression discrimination task; one patient was impaired 

only on the unfamiliar face-matching task, etc.), implicat

ing independent functional components associated with face 

processing. 

A few studies have provided neurophysiological 

evidence of a separate neuronal substrate for processing 

emotional expressions. Fried, Mateer, Ojemann, Wohns, and 

Fedio (1982) documented disruption in the labeling of facial 

expressions in normal subjects by electrical stimulation of 

the posterior middle temporal gyrus. A study by Hasselmo, 

Rolls, and Gordon (1989) showed differential neuronal 

responsiveness to facial identity vs. facial expression in 

non-human primates. Specifically, they found a population of 

cells responsive to face identity in the inferior temporal 

gyrus, and localized cells responsive to facial expression 

in the superior temporal sulcus. r1oreover, some neurons 

were found to have a strong specificity to individual 
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expressions such that greater response was elicited by full 

threat expressions compared to either slight threat or calm 

expressions. Differential alterations in P-300 area and 

amplitude were recorded by Lang, Nelson, and Collins (1990) 

following subjects' exposure to happy, sad, and neutral 

faces in a study measuring Event-Related-Potentials (ERPs). 

However, similar studies have not shown recognition of 

emotional valence according to ERP responses (Johnston, 

Burleson, & Miller, 1987; Johnston, Miller, & Burleson, 

1986), suggesting the need for further corroboration of Lang 

et al.'s results. 

In summary, there exists reasonable evidence to 

support the idea that a visual-semantic dissociation and/or 

disconnection is possible between face perception and 

recognition of emotional expressions. Theoretically, the 

existence of a visual-semantic dissociation may be explained 

by associative network models of cognitive processing, in 

which tasks requiring the synthesis of perceptual and 

related semantic knowledge (i.e. associative tasks) are 

processed at higher levels a semantic network, as compared 

to more basic perceptual tasks where processing occurs at 

lower, pre-semantic, levels of the structure. In addition, 

the literature provides ample evidence of disconnections 

between various aspects of face processing, suggesting the 

existence of unique physiologically based mechanisms 
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underlying face identification and recognition. These data 

provided the basis for Bruce and Young's (1986) functional-

anatomical model of face recognition, described below. 

Bruce and Young's Model of 
Face Recognition 

In 1986, Bruce and Young published a comprehensive 

information processing model of face recognition that 

reflected an attempt to systematically incorporate evidence 

from experimental studies of face processing and clinical 

findings of impaired face processing due to cerebral insult 

(Bruce & Young, 1986). As depicted in Appendix B, initial 

visual analysis of the face occurs at the structural encod-

ing level. From this point subprocess occur in parallel, 

thereby accounting for dissociable face processing deficits. 

Further in the face processing system, individual components 

are connected to a broad cognitive system responsible for 

three independent functions: receiving decisions based upon 

information from other parts of the system, directing 

attention to other components of the system, and housing of 

associative memory. 

The model includes seven types of distinct infor-

mational code derived from the human face: pictorial, 

structural, visually derived semantic, identity-specific 

semantic, name, expression, and facial speech. Each type of 

code represents the product of operations carried out within 



44 

the unique functional components of the face processing 

structure. 

Of relevance to the present research are decision 

processes involved in the analysis of face recognition and 

facial expression. Consistent with other models of object 

and word recognition, it is posited that faces are 

recognized as familiar to the perceiver in the event of a 

match or concordance between the product of structural 

encoding (the face) and stored "template" representations, 

housed as "face-recognition units" (the authors note the 

influence of Perrett and colleagues' work on single cell 

recordings in macaque monkeys in prior conceptualizations). 

Information derived from the familiar face is then directed 

to person-identity nodes where access is gained to associa

tive memory store. As described previously, the associative 

memory contains various types of individual-specific 

semantic code including sex, age, occupation, relationship 

to perceiver, etc. In an intact system, search and 

retrieval of the semantic code via the cognitive system 

produces efficient face and person-identity recognition. 

However, evidence of face-processing dissociations imply 

that breakdowns can occur at various linkages, as when an 

individual is recognized as familiar but the perceiver is 

unable to access other parts of the semantic code, such as 
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where the person is usually encountered, their name, occu

pation, or how they were first introduced to one another. 

Expression codes are conceptualized as the product 

of the visual analysis of relative shapes or configurations 

of facial features, and are derived from information initi

ally processed at the structural encoding stage. Although 

Bruce and Young do not elaborate upon potential mechanisms 

underlying the recognition of facial expressions, it appears 

reasonable to posit a template-matching process similar to 

that described for face recognition, by which stimulus 

expressions are compared to stored representations of 

discrete expression prototypes, such as happiness, anger, 

fear, etc. Once identified, semantic representations 

associated with the emotion may be engaged that facilitate 

interpretation of the expression (e.g. the valence of an 

expression; intensity of emotion; associated or predicted 

behavior, etc.). 

The present review concludes with a detailed report 

of prior studies investigating the perception of face and 

situational affect in cognitively impaired adults. 

Processing of Affective Stimuli in AD 

Empirical studies of affect perception and pro

cessing in dementia are few, superceded by a relatively vast 

literature on intellectual, memory, and language functioning 

(Allender & Kaszniak, 1989). Unfortunately, most of the 
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available research on emotional processing in this popula-

tion suffers from methodological flaws which limit potenti

ally valuable theoretical interpretations and practical 

applications of results. In spite of such problems, some 

important issues are raised by these investigations. To 

date, six studies have specifically examined the perception 

of facial expressions in cognitively impaired older adults. 

These studies are briefly reviewed below. 

Kurucz, Feldmar, and Werner (1979a) found that a 

group of inpatients with chronic organic brain syndrome 

(CBS) made significantly more errors than psychiatric and 

normal control subjects on two affect identification tasks. 

The first task required subjects to verbally label the 

emotion depicted in four sets of facial stimuli representing 

three different facial expressions (happiness, sadness, and 

anger). Two of the sets consisted of circular drawings with 

simple line-drawn facial features. The third set was 

another series of realistically drawn emotional faces, and 

the fourth set was comprised of three front-view photographs 

of an individual portraying each of the three emotions. The 

second task employed the same stimuli, but required subjects 

to point to a given target emotion among the three facial 

expressions. The authors interpreted the impaired perform-

ance of CBS patients relative to both normal and psychiatric 

control groups as evidence of a prosopo-affective agnosia. 
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These same patients were retested six months later 

on these same experimental tasks, as well as on tests of 

their ability to recognize familiar faces, and other tests 

of cognitive functioning (e.g. constructional and dressing 

apraxia, visuoconstructional memory, and neglect). The 

authors report that the affect recognition test was reliable 

(r=.75), and was purportedly a better predictor of organic 

impairment than the other neuropsychological tests. No 

relationship was found between patients' ability to recog

nize familiar faces and their ability to discriminate 

affective expressions (Kurucz & Feldmar, 1979b). 

One of the major problems with the two studies just 

described is the composition of subjects identified aa. CBS 

patients. For the majority of subjects, the primary 

inclusion criteria was solely based upon disorientation to 

time (n=7). Four of the remaining subjects were disoriented 

to time and place, and the remaining three to time, place, 

and person. The range of diagnoses of these patients 

included nsenile or presenile dementia with or without 

cerebral arteriosclerosis n , schizophrenia, major affective 

disorder, nbrain damage n and nalcoholic deterioration n 

(p. 92). No information is provided with respect to how 

these diagnoses were determined, level of cognitive func

tioning, or medication use. As well, the authors report 

that these patients had an average length of illness of 19.5 
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years, suggesting that a number of these subjects suffered 

from chronic illnesses other than AD. Unfortunately, this 

diverse group of subjects is simply classified as demented 

in the available publications. 

other methodological problems include the conspic

uous absence of demographic data for the normal control 

group; given that these participants were all hospital 

volunteers, it is reasonable to assume that significant 

demographic and cognitive differences existed between 

control and patient groups. Moreover, as pointed out by 

Brosgole, Kurucz, Plahovinska, and Boettcher (1981), no 

measure of visual discrimination was obtained in this study, 

and subjects were not fully screened as to their ability to 

meet the demands of the experimental tasks. Another 

confound identified by these authors is that the affect 

discrimination task required more than one response per 

trial; that is, when presented with the series of faces, 

subjects were required to first point to one expression and 

then to the remaining two located on the same set of stim

uli. Importantly, this may have generated "spurious data in 

that correct responses could have been emitted through a 

process of elimination, or the commission of one error could 

have lead to a succession of erroneous responses" (p. 208). 

In subsequent attempts to apply "a more sophisti

cated procedure" to evaluate dementia patients' ability to 
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recognize emotional expressions, two experiments were 

conducted by Brosgole and colleagues (1981). using the 

stimuli developed by Kurucz and colleagues (1979), nine 

psychiatric inpatients with a primary diagnosis of dementia 

were retained in the study on the basis of intact discrimi

nation of simple line drawings, vision acuity, and impaired 

orientation to time, place and/or person. On the first 

task, subjects were instructed to point to a designated 

target expression from among three "moonface" line drawings 

depicting sadness, happiness, and anger. Subjects also 

performed a stimulus discrimination task in which they were 

presented with a series of three faces, two depicting the 

same emotional expression and the other a different 

expression. They were then asked to identify the face which 

appeared to "feel" different from the other two. No control 

subjects were assessed on these tasks. Results indicated 

that significantly fewer errors were made on the discrimi

nation task, compared to the emotion-identification task. 

Subsequent analyses and exploratory investigations revealed 

that patients employed a strategy in which they appeared to 

"feature detect" rather than attend to the emotional 

constructs conveyed by the features. 

The second experiment employed different stimulus 

materials, consisting of realistic line drawings of happy, 

sad, and angry faces. Again, subjects identified a target 
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emotion from among three different emotions. The second 

procedure involved a same-different judgement of emotional 

expression. The faces presented in this condition, however, 

depicted three different individuals: two with the same 

expression and one expressing a different emotion. Results 

were consistent with those of the first study, in that 

subjects performed better on the discrimination task, as 

compared to the emotion-identification task. On the basis of 

these data, the authors argue that the mechanism responsible 

for prosopo-affective agnosia is "an impairment in the asso

ciative connections between the visual impression of facial 

expression and affective meaning" (p. 207). 

Another study was conducted by this group of 

researchers in which the performance of these patients was 

compared to that of young pre-school age children (Brosgole, 

Kurucz, Plahovinsak, Boettcher, Sprotte, & Haveliwala, 

1983). Although this study will not be detailed here, the 

dementia patients were found to be significantly more im

paired than the youngest group of children (age 3 to 3-1/2) 

on tests of affect recognition and discrimination. 

The latter reports made improvements upon the ear

lier studies of Kurucz et aI, although other design problems 

were not adequately addressed. For example, these studies 

evaluated a very small number of patients (n=9), and despite 

administration of a cognitive screening measure, no data are 
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reported regarding subjects' overall level of cognitive 

functioning. In the first study, no control group was 

employed, and the appropriateness of using 3-5 year old 

children as a comparison group in the second study is some

what questionable. Finally, as noted by Allender and 

Kaszniak (1989), no standardized measure of facial discri

mination or other emotional processing tasks were admini

stered, and neither the specific diagnoses of the patient 

group, nor the criteria used to make the diagnoses, were 

detailed. 

In sum, the investigations discussed above suggest 

some level of impairment in the processing of affective 

expressions by individuals with evidence of cognitive dis

orientation. The extent of their methodological problems, 

however, limits further conclusions or generalization of 

results. 

Allender and Kaszniak (1989) recently published a 

well-controlled study of affective processing in 30 patients 

with neurologic diagnoses of AD, based upon medical history 

and exam, clinical chemistries, and radiological studies. 

Patients were matched for age, sex, level of education and 

employment background with neurologically intact control 

subjects. A battery of cognitive tasks was administered 

including tests of language comprehension, confrontation 

naming ability, facial discrimination, and level of 
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cognitive functioning. The dependent measures assessed 

performance on two standardized affect perception tasks: 

Izard's I-M series of facial expression (Izard, 1971), and a 

revised perception of vocal emotion task (Tucker, Watson, & 

Heilman, 1977). The first task required subjects to match 

photographs of nine different posed facial expressions to 

its written name. A second task assessed subjects' ability 

to match sentences spoken in various emotional tones to one 

of four line drawings representing angry, sad, happy, and 

indifferent expressions. A third task required subjects to 

make same-different judgments for sentences spoken in 

various emotional tones. 

The results of this study documented performance 

deficits across all tasks for the AD subjects relative to 

healthy controls. separate analyses revealed no mean 

differences between younger and older AD patients on any of 

the experimental tasks. In addition, the affect processing 

tasks were found to be the most highly correlated of all the 

tasks for the patient sample. Hierarchical multiple 

regression analyses revealed that deficits in simple naming 

ability, auditory pitch discrimination, and facial 

discrimination ability were unable to entirely explain the 

relationship between performance on the vocal and facial 

emotion identification tasks. The authors interpreted this 

finding as consistent with a general affective processing 
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deficit which is "not modality specific" (p. 153) or ex

plained by deficits in the processing of other nonemotional 

task factors alone. 

Most recently, affect perception was assessed in 19 

residents of a long-term care facility who met clinical and 

research criteria for probable AD, and underwent extensive 

phys i ca 1 ex ami na t i on, thyroid panels, relevant laboratory 

chemistries and serologic tests in efforts to rule out other 

condi tions known to cause dement ia (Albert, Cohen, & Koff, 

1991). Patients were found to be mild to moderately 

impaired on the basis of Mattis Dementia Rating Scale scores 

(Mean=lOli SD=15). An equal number of age-matched, cogni

tively intact control subjects from the same residential 

facility participated in the study. All subjects were 

administered a battery of affect perception tests consisting 

of four recognition tasks, three labeling tasks, and two 

tasks requiring interpretation of emotional situations. 

The recognition component of the study consisted of 

four tests using Ekman and Friesen's Pictures of Facial 

Affect: 1) discrimination of facial expression between 

pairs of pictures depicting one individual with same or dif

ferent expressions, 2) discrimination of facial expressions 

as in task #1, but between faces of different individuals, 

3) same/different person identity discrimination between 

individuals depicting the same emotional expression, and 
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4) person identity discrimination as in task #3 but between 

stimuli showing different facial expressions. 

The three verbal labeling tasks assessed 1) sub

jects' ability to identify a target emotion when presented 

with pairs of faces depicting the same individual portraying 

two different emotions, 2) emotion discrimination as in task 

#1 but using face stimuli of different people, and 3) con

frontation naming of emotional expressions on a task requir

ing subjects to independently generate the appropriate label 

of various facial expressions depicted in the protocol. 

The third set of tasks examined subjects' ability to 

extract an emotional theme from both verbal descriptions and 

pictorial illustrations of emotional scenes. Specifically, 

the tasks involved 1) matching a scene showing a specific 

emotion to one of two other scenes in which one illustrated 

an emotion congruent with the target scene, and 2) matching 

one of three scenes depicting emotional situations to 

written phrases containing the same emotional content as the 

scene. 

In addition to affect perception tasks, patients 

were administered a battery of five standardized neuro

psychological tests assessing attention, language, memory, 

visuospatial functioning, and verbal abstraction. These 

tasks were included to examine the extent to which declines 
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in general cognitive functions affect performance on the 

former affect perception tasks. 

Analysis of Variance (ANOVA), analysis of covariance 

(ANCOVA), and multiple regression procedures were used to 

analyze these data. Results indicated that only a few tests 

differentiated the performance of patient and control groups 

when patients' cognitive deficits were controlled. Unex-

pectedly, patients' ability to recognize facial expressions 

was equal to that of controls' when face perception ability 

(i.e. performance on the third recognition task) was 

statistically accounted for. When controlled for perceptual 

deficits, significant differences emerged only across verbal 

labeling tasks and tasks requiring interpretation of 

emotional situations. However, using both regression and 

ANCOVA procedures, inclusion of scores obtained on standar

dized tests assessing expressive vocabulary abilities (i.e. 

Boston Naming) and verbal abstraction (i.e. Similarities 

subtest of the WAIS-R) as covariates on the labeling and 

situation-interpretation tasks, respectively, accounted for 

the variance on all but two tasks: 1) confrontation naming 

of emotional expression and 2) recognition of an emotion 

described in a verbal phrase. Finally, when cognitive tasks 

not selected on an a priori basis were brought into the 

regression equation (i.e. tests of verbal memory and overall 

level of cognitive functioning) no differences remained 
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between AD and control subjects' performance on labeling and 

sit uational-affect tasks. These authors conclude that the 

general cognitive deficits associated with AD account for 

the impairment found on perception of affect tasks, and do 

not support the existence of a primary deficit in perception 

of emotion. 

Conclusions 

As reviewed, the literature on affect processing in 

dementia is sparse, and in most cases, the findings 

equivocal due to design and methodological weaknesses. The 

observation by Brosgole et ale (1981) that AD patients 

appeared to "feature detect" points to the integrity of 

basic perceptual processes in cognitively impaired adults, 

and may implicate deterioration or inefficiency of semantic 

associative processes in progressive degenerative dementia. 

The application of more rigorous methodological procedures 

by Allender and Kazniak (1989) and Albert et ale (1991) 

yielded different conclusions regarding the nature of 

emotional processing deficits in AD. Allender and Kaszniak 

interpreted their results as implicating a specific emotion 

processing deficit in AD, beyond that explained by broader 

task dimensions. In contrast, Albert et ale maintained that 

their data provides evidence that widespread cognitive 

deficits account for performance deficits on a range of 

emotional processing tasks, which therefore do not reflect a 
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primary deficit in processing of emotional cues in AD. Of 

note, it is possible that the severity of dementia, and thus 

the possibility of primary sensory deficits, was greater in 

the latter study, since patients were all nursing home 

residents (vs. the primarily community-based clinical sample 

described in the Allender and Kaszniak study). It follows 

that these factors may, in part, explain the difference in 

the results of the two studies. 

In review of these data it also appears that disso

ciations in face processing occur in AD that are consistent 

with those documented in other neurologically impaired and 

normal populations. That is, face discrimination, identifi

cation of facial expressions, and labeling of emotions may 

be differentially impaired in patients with progressive 

dementia. 

Important questions remain unanswered regarding the 

nature of affect processing in AD. For example, are there 

task factors that may impede or facilitate patients' 

performance on affect-processing tasks (e.g. encoding 

instructions), and could facilitation effects provide 

evidence of an intact semantic structure as proposed by 

Nebes (1989). Where do breakdowns occur in patients' 

perception and interpretation of emotional situations? Does 

the pattern of impairment parallel global or specific 

declines in other areas of cognitive functioning and/or 



58 

behavior? In addition, questions regarding the extent to 

which the integrity of emotion perception abilities affect 

patients' behavior, emotional status, and the well-being of 

family members and primary caregivers have not been syste

matically examined in the current literature. 

The present study was conceptualized as examining 

affect processing abilities and deficits in AD patients, 

within the frameworks provided by semantic memory models of 

cognitive processing. Drawn from Bruce and Young's face 

recognition model, it was posited that basic perception of 

emotional stimuli takes place at presemantic levels of 

processing, through a template matching procedure analogous 

to structural encoding and directed visual attention func

tions. Recognition and identification of facial expressions 

may occur as separate semantic processing functions such 

that recognition would occur with successful matching of 

external stimuli to stored representations of facial expres

sions, and labeling would result from a lexical search 

process executed following expression recognition. Recogni

tion of situational affect would be derived from higher 

order conceptual (i.e. associative) processes, requiring the 

recognition and integration of stimulus features with 

concept meaning. The present study attempted to investigate 

questions regarding the structure of emotion through syste

matic examination of face and situational affect perception 
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in patients with neurologic diagnoses of AD. The experimen

tal hypotheses and methodology are detailed in the following 

sections. 

Experimental Hypotheses 

Affect Interpretation Tasks 

Hypothesis 1: Matching Facial Expressions to Name. 

Consistent with previous findings, it was predicted that 

moderately impaired AD patients (LowAD), but not mildly 

impaired AD patients (HighAD), would be impaired relative to 

controls on a task requiring the labeling of emotional 

expressions. Such findings were predicted based on the 

hypothesis that simple word concepts within affect

associative networks remain relatively intact in early 

stages of AD, but are compromised as the disease progresses. 

Hypothesis 2: Matching Emotional Scenes to Name. 

Performance of this task required 1) the integration of 

individual semantic components within a complex affective 

context, 2) abstraction of an emotional theme, and 3) 

linking this information with its corresponding label. It 

was predicted that both LowAD and HighAD groups would be 

impaired on this task relative to healthy controls. Within 

the patient sample, it was also predicted that performance 

would correlate with disease severity, implying impairment 

in semantic access and/or primary affective semantic store 
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deficits associated with progressive neurodegenerative 

changes (particularly those affecting frontal systems). 

Hypothesis 3: Matching Facial Expressions to 

Emotional Scenes. Three versions of this task were admi

nistered. Different encoding manipulations were utilized in 

each version that were intended to facilitate varied levels 

of activation within the affect associative network. The 

same stimuli were used for each version. The task required 

access and abstraction of 1) knowledge related to the inter

pretation of emotional situations, 2) semantic knowledge for 

affective expressions, and 3) the integration of these 

higher-order concepts to match the correct emotional 

expression to the target scene. 

In the first version of this task, subjects were 

asked to match one of seven facial expressions to the 

emotion portrayed by a target figure in an emotional scene, 

in the absence of any explicit semantic orientation or 

encoding. The second and third versions of the task dif

fered only in the encoding manipulation. On the second 

version, subjects were instructed to identify two salient 

features of the scene as the examiner pointed to each 

detail. Subjects then verbally described each scene prior 

to completing the matching task. If the subject was unable 

to match the scene to its corresponding expression, a third 

version of the task was administered. In this last admi-
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nistration, the examiner identified significant target 

elements and the setting of each scene prior to performance 

of the matching task. 

In the free-encoding task, it was predicted that AD 

patients would perform significantly worse than Controls, 

and performance within the patient group would correlate 

with disease severity. 

Hypothesis 4: Matching Facial Expressions to 

Emotional Scenes, Versions 1-3. As above, it was predicted 

that AD patients would be significantly impaired across all 

three of the former tasks, compared to healthy controls, and 

that the degree of impairment would correlate with disease 

sever i ty. Evidence of improved performance by AD patients 

on versions 2 and 3, relative to version I and controls' 

performance, would support the hypothesis that associative 

connections were primed or strengthened by semantic elabor

ation in the patient sample. Further, it was maintained 

that facilitation effects would imply that organization, 

directed attention, and/or access deficits are plausible 

mechanisms of emotion processing deficits in AD. The 

absence of facilitation effects, however, would provide 

evidence of a degraded store deficit or deterioration of the 

semantic network for emotion processing in AD. 

Hypothesis 5: Hierarchy of Associative Tasks. As 

previously described, this study was intended to test a 
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functional model of associative semantic processes in AD. 

Thus, it was predicted that the performance of AD patients 

would vary according to the semantic complexity across 

experimental tasks, ordered as follows (from lowest % 

correct to highest % correct): 

1. Matching Facial Expressions to Emotional Scenes 

2. Matching Emotional Scene to Name 

3. Matching Facial Expression to Name 

4. Discrimination of Facial Expressions 

5. Discrimination of Genuine Emotional Expressions 

6. Discrimination of Facial Identity 

Affect and Identity 
Discrimination Tasks 

Hypothesis 6: Discrimination of Emotional 

Expressions. No significant differences were predicted 

between control and HighAD subjects' same/different 

judgments of facial expression. However, the performance of 

LowAD patients was expected to be significantly worse than 

each of the other two groups, owing to the more impaired 

patients' greater difficulty integrating the conceptual 

components of the task. 

Hypothesis 7: Discrimination of Genuine Emotions. 

No significant differences were predicted between AD 

patients' ability to discriminate 'real' emotions from non-

emotion facial configurations. This task was conceptualized 
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as a pre-semantic processing task involving a template

matching procedure between a face configuration stimulus and 

stored representations of primary emotional expressions, 

again processed at the structural encoding level. 

Hypothesis 8: Discrimination of Facial Identity. 

It was hypothesized that no significant differences would be 

found between control and AD patients' ability to make same/ 

different judgments of facial identity. This expectation 

was based upon the assumptions that sensory perception 

remains relatively intact in AD and that the task involves 

pre-semantic processing facilitated at the structural 

encoding level. 

Caregiver Inventories 

Hypothesis 9: Caregiver Burden. It was hypothe-

sized that patients' performance on the associative

affective tasks would be inversely related to standardized 

measures of increased caregiver stress, burden, and 

depression. These results would support the idea that AD 

patients' ability to interpret emotional information plays 

an important role in mediating the well-being of their 

caregivers. 
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METHOD 

Subjects 

A total of 38 subjects, including 20 adults with 

neurologic diagnoses of AD and 18 healthy control subjects, 

were recruited from the University of Arizona Memory 

Disorders Clinic, Department of Neurology, local support 

agencies, community volunteers, and from individuals who had 

participated in previous research. A diagnosis of probable 

AD was established through 1) neurological and neuropsycho

logical examination, 2) comprehensive history, 3) radio

graphic studies, 4) laboratory chemistries, and 5) serologic 

tests. All AD patients met National Institute of Neurolo-

gical, Communicative Disorders and Stroke (NINCDS) and Alz

heimer's Disease and Related Disorders Association (ADRDA) 

criteria for the diagnosis of probable Alzheimer's disease 

(McKhann et al., 1984). 

EXclusionary criteria for subject selection 

included: 1) cognitive impairment so severe as to prohibit 

adequate completion of the experimental protocol, indicated 

by a score of less than 10 on the Folstein Mini-Mental 

Status Examination (Folstein, Folstein, & McHugh, 1975), 

2) severe auditory comprehension deficits, indicated by 

impaired performance on the Short Form of the Token Test; 
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3) the presence of visual deficits so severe as to compro

mise task performance, indicated by impaired performance on 

items 1-6 (i.e. more than 2 errors) of the Benton Facial 

Recognition Test, 4) evidence of MDD or other concomitant 

psychiatric disorder fulfilling DSM-III-R criteria, 5) 

history of head trauma associated with intellectual decline, 

and 6) subjects for whom English is not their primary 

language. 

AD and healthy control subjects were matched 

according to sex, age, and educational level. As depicted 

in Table 1, the Low-AD and High-AD groups consisted of 4 

males and 6 females in each patient group. A median split 

on scores of the Mini-Mental status Examination (MMSE) 

divided AD subjects into HighAD and LowAD groups, with mean 

scores of 14.4 (SD=1.8) and 21.5 (SD=2.4), respectively. 

The control sample was comprised of 7 male and 11 female 

subjects with a mean MMSE score of 29.0 (SD=1.3). Although 

mean number of years of education was slightly lower for the 

Low-AD group compared to High-AD and Control groups (X=11.3, 

13.6 and 13.6, respectively), neither educational level or 

age significantly differed across groups. 

stimulus Materials 

Three sets of stimuli were developed to support a 

series of seven experimental tasks. 

testing procedures are described below. 

The materials and 
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Table 1. Descriptive statistics and MMSE scores of LowAD, 
HighAD, and Control subjects. 

Variable LowAD HighAD Control F p 

Age 77.4 ( 5 • 7 ) 74.8 ( 6 . 6 ) 73.1 ( 5 . 6 ) 1. 76 .1869 

Education 11.3 ( 2 . 2 ) 13.6 ( 3. 0 ) 13.6 ( 2 • 7 ) 2.80 .0742 

Sex (M/F) 4 / 6 4 / 6 7 / 11 .0049* .9947 

MMSE 14.4 (1. 8) 21. 5 ( 2 . 8 ) 29.0 (1. 3) 234.85 .0000 

*Chi-Square 
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Pictures of Facial Affect (PFA) 

Four sets of black and white, 3" x 5" photographs 

were reproduced from Eckman and Friesen's (1976) Pictures of 

Facial Affect. Each set consisted of an individual por

traying each of seven primary emotions: 1) happiness, 2) 

sadness, 3) disgust, 4) fear, 5) anger, 6) surprise, and 7) 

indifference. Of the 56 photographs used in the Identity 

Discrimination and Emotion Discrimination tasks, two sets 

were of two different female actors, and two of different 

male actors. Photographs were selected on the basis of high 

inter rater reliability, as reported by Ekman and Friesen 

(1976), across the seven emotional expressions. The same 

PFA photographs were used in all experimental tasks, with 

the exception of the task requiring discrimination of 

genuine vs. non-expression facial configurations. 

The stimuli for the identity discrimination and 

expression discrimination tasks consisted of twenty-eight 

pairs of PFA photographs, randomly paired across gender and 

facial expression. The photographs were vertically posi-

tioned, mounted on a black matte surface, and covered by 

non-glare document protectors (see Appendix C). 

A set of fourteen PFA photographs was used for the 

emotion labeling task. PFA photographs were individually 

displayed on a separate black 8-1/2~ x 11" matte surface, as 

described above. The set contained two exemplars of each 
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emotion (i.e. two sets of the seven emotions) balanced 

across gender. 

PFA materials used in the task involving matching 

facial affect photographs to emotional scenes consisted of 

two sets of seven photographs (seven male, seven female), 

each containing the same individual portraying one of seven 

different emotions. The photographs were arranged horizon

tally and mounted as previously described. 

Expression vs. Non-Expression Photographs 

Twelve 4" by 6" black and white photographs of a 

male and female portraying 'genuine' emotions, and twenty

four 4" by 6" photographs of the same individuals displaying 

facial grimaces that did not conform to recognizable 

emotional expressions were used in this task. The stimuli 

consisted of twelve groups of three photographs mounted 

vertically on black matte paper as described above. Each 

group contained two non-emotion and one primary emotion 

photograph of the same individual, with the position of the 

genuine emotion randomly ordered in the array across trials. 

Emotion Word List 

The emotion word list consisted of a vertical array 

of the seven emotion words printed in 1" black letters on 8" 

X 11-1/2" cardstock (i.e. happiness, sadness, disgust, fear, 

anger, surprise, and indifference). The sheet was covered 
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by a non-glare document protector. The same word list was 

used for all naming tasks. 

situational Affect Stimuli 

The situational affect stimuli were comprised of 

fourteen 8" by 11-1/2" ink drawn sketches (two exemplars of 

each of the seven primary emotions), depicting a target 

individual within the context of an emotionally laden situa-

tion. Facial features were absent in all target figures 

(see Appendix D). 

Cognitive and Neuropsychological 
Assessment Instruments 

In addition to the experimental tasks, the following 

neuropsychological tests and caregiver rating scales were 

included in the evaluation of AD patients. 

1. Short Form of the Token Test. This abbreviated form 

of the original Token Test is a screening measure of 

auditory comprehension (Benton & Hamsher, 1976, 

1978) requiring manipulation of colored tokens in 

response to the examiner's verbal instruction. 

2. Geriatric Depression Scale (GDS). The GDS is a 

self-report inventory containing 30 questions 

assessing the presence or absence of signs and 

symptoms of depression in older adults (Yesavage 

et al., 1983). Scores greater than 10 are consid-

ered indicative of the presence of a clinically 
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Three copies of this 

questionnaire were completed: 1) self-report 

completed by the patient, 2) self-report completed 

by the caregiver, and 3) a second rating by the 

caregiver reflecting his/her perceptions of the 

patient's behavior and mood. This last measure was 

included to provide an additional estimate of 

emotional functioning, given the possibility that 

patients' self-report ratings may reflect denial or 

unawareness of depression signs and symptoms. 

3. The Burden Interview. The Burden Interview is a 22-

item self-report questionnaire assessing burden 

associated with common caregiving concerns, includ

ing stress affecting the caregiver's social life, 

interpersonal relationships, health, and financial 

well-being (Zarit, Reever, & Bach-Peterson, 1980; 

zarit & Zarit, 1987). 

4. Cognitive Behavior Rating Scales (CBRS). The CBRS 

was designed to assess cognitive and behavioral 

deficits manifested in everyday behavior of brain 

damaged patients through caregiver, or other 

reliable-source observation and ratings (Williams, 

1987). The CBRS contains 116 items comprising nine 

scales: Language Deficit, Apraxia, Disorientation, 

Agitation, Need for Routine, Depression, Higher 
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Cognitive Deficits, Memory Disorder, and Dementia. 

Reliability and validity analyses indicate that 

family members are able to reliably assess deficits 

of cognitively impaired relatives and that the CBRS 

is able to discriminate demented from normal elderly 

subjects. 

Experimental Tasks Descriptions 

Affect Interpretation 

1. Matching Facial Expression to Name. Subjects were 

presented with the emotion word list and instructed 

to read the words aloud to ensure sufficient encod

ing of the descriptors. The words were read twice 

in the order that they appeared on the list and 

twice in random order, as indicated by the examiner. 

Subjects were then presented with the series of 

individual PAF photographs, one at a time, and asked 

to indicate the emotion displayed in the photograph 

by pointing to its corresponding label on the 

emotion-word list (i.e. "Point to the word that best 

describes the expression on this person's face."). 

2. Matching Emotional Scene to Name. Subjects were 

presented with the situational affect cards, one at 

a time, and asked to identify the emotion depicted 

in the scene by pointing to the word that best 

described the emotion portrayed by the target figure 
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from among those appearing on the emotion-word list 

(i.e. "Point to the word that best describes the 

expression on this person's face."). 

3. Matching Emotional Scene to Facial Expression: 

Version 1. Subjects were shown an array of six PFA 

photographs featuring an individual of the same sex 

as that of the primary figure in the corresponding 

situational affect card. As described previously, 

the photographs were of the same individual portray

ing the seven basic emotional expressions. As with 

the emotion word list, subjects were directed to 

examine the photographs as the examiner pointed to 

each one, twice in the order presented (left to 

right) and twice in random order. This procedure 

was included to facilitate adequate encoding of the 

faces. The situational affect cards were then 

serially placed above the array of PFA photographs, 

and the subject was instructed to point to the pho

tograph that best represented the emotion depicted 

in the illustrated scene (i.e. "Point to the best 

example of the expression on this person's face."). 

4. Matching Facial Expression to Emotional Scene: 

version 2. Subjects were again presented with the 

situational affect cards, and asked to name two 

primary features of each scene that were pointed to 
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by the examiner. Subjects were then asked to verb-

ally describe the context of the scene. Subjects' 

narratives were recorded verbatim to rule out the 

possibility that simultananosia would account for 

performance deficits on this task, and in the 

interest of gathering descriptive data about the 

patients' perception and organization of each 

emotional scene. As described in the previous task, 

subjects were again instructed to point to the 

photograph that best represented the emotion 

depicted in the scene. 

5. Matching Facial Expression to Emotional Scene: 

Version 3. The third version of the task was 

administered only if the subject failed the previous 

task, misidentified objects depicted in the scene, 

or misinterpreted the situation. In this task, the 

examiner identified the two salient features of the 

scene and then provided the correct contextual 

description of the situation (e.g. "This is a 

tombstone, these are flowers. This woman is holding 

flowers, leaning over a gravestone in a cemetery."). 

Of note, the standardized descriptions provided by 

the examiner excluded specific affective information 

or connotations of the scene. As before, subjects 

were then instructed to match the appropriate ex-
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pression from the PFA photographs to the contextual 

scene. 

Discrimination of Person Identity, 
Affect, and Emotional Expression 

1. Identity Discrimination. Subjects were presented 

with the 28 pairs of PFA photographs, and asked to 

make same-different judgments of person identity, 

independent of facial expression (Le. "Are these 

pictures of the same person, or different people?"). 

2. Affect Discrimination. Subjects were presented with 

the same 28 pairs of PFA photographs presented in 

Task 1, and asked to make same-different judgments 

of emotional expression, independent of identity 

(i.e. "DO these people feel the same, or differ-

ent?") 

3. Expression Discrimination. Subjects were presented 

with 12 sets of three photographs showing the same 

individual portraying two non-emotion facial 

grimaces and one "real" emotional expression. 

Subjects were then asked to identify which of the 3 

photographs best represented a genuine emotional 

expression (i. e. "point to the best example of a 

real emotional expression."). 
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statistical Analyses 

Primary Analyses 

A Group X Task mixed model Multivariate Analysis of 

Variance (MANOVA) was used to test subjects performance on 

the following tasks: 1) Discrimination of Facial Identity, 

2) Discrimination of Genuine Emotions, 3) Discrimination of 

Emotional Expressions, 4) Matching Facial Expression to 

Name, 5) Matching Emotional Scene to Name, and 6) Matching 

Facial Expressions to Emotional Scenes. 

In the first analysis, the independent variable 

Group (AD vs. Control) was the between-subjects factor, and 

Task (4-6) the within-subjects factor. One-way Analysis of 

Variance (ANOVA) tests were employed to test for the pattern 

of mean differences predicted in Hypotheses 1, 2, and 3a, as 

detailed in the previous section. 

A repeated measures MANOVA was used to test 

Hypothesis 4, in which differences in subjects' performance 

across the three versions of the visual matching task was 

assessed. 

The third primary analysis tested predictions based 

on a hierarchical model of task performance (Hypothesis 5). 

Among AD patients, it was hypothesized that a stepwise 

deterioration of performance would be evidenced according to 

the processing complexity of the perceptual and semantic

associative tasks. A Kolmogorov-Smirnov Two Sample Test was 
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used to analyze the extent to which the sample distribution 

agrees with the proposed theoretical distribution. Two 

additional theoretical distributions were included in the 

analysis in order to assess comparative 'goodness-of-fit.' 

Secondary Analyses 

Secondary analyses were performed to test subjects' 

performance on the three discrimination tasks, in order to 

assess perceptual classification abilities, and to evaluate 

the extent to which errors on associative affect tasks could 

be attributed to more fundamental processing deficits. To 

this end, a Group (AD, control) X Task (1-3) mixed model 

MANOVA was performed to test Hypotheses 4, 5, and 6. 

The relationship between measures of caregiver 

burden, caregiver depression, ratings on the CBRS, and 

patients' performance on the affect associative tasks were 

examined for exploratory purposes. Hierarchical regression 

analyses were employed, with level of cognitive decline 

statistically controlled by forcing severity (i.e. MMSE 

score) first in the analysis. The residual relationship 

between an aggregate affect processing score and each of the 

dependent variables was then tested. As described in Hypo

thesis 9, this procedure was used to test the hypothesis 

that impaired ability to interpret face and situational 

affect is significantly related to caregiver stress and 
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burden, independent from the level of patients' cognitive 

decline. 
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RESULTS 

Two Group X Task mixed model Multivariate Analysis 

of Variance (MANOVA) tests were used to assess subjects' 

performance on the six experimental tasks: 1) Discrimi-

nation of Facial Identity, 2) Discrimination of Genuine 

Emotions, 3) Discrimination of Emotional Expressions, 4) 

Matching Facial Expressions to Emotion Name, 5) Matching 

Emotional Scenes to Emotion Name, and 6) Matching Facial 

Expressions to Emotional Scenes, Version 1. In the first 

analysis, the independent variable Group (AD vs. Control) 

was the between-subjects factor, and Task (Tasks 4 through 

6, described above) the within-subjects factor. The 

univariate test of the between-subjects effect of Group was 

significant (F = 43.51, p < .0000). The multivariate test 

for the Group by Task interaction was borderline significant 

(Wilks Lambda = .7838, F = 2.2013, P < .0781), and the mul

tivariate test for a main effect of Task was statistically 

significant (Wilks Lambda = .7516, F = 5.6184, P < .008). 

In the second analysis, Group (AD vs. Control) was 

the between-subjects factor and Task (Tasks 1 through 3, as 

described above) the within-subjects factor. The univariate 

test of group membership was significant (F = 15.67, P < 

.0000) • The multivariate test for the effect of Task was 



79 

also significant (Wilks Lambda = .0466, F = 347.4398, p < 

.0000). Finally, the multivariate test of the Group by Task 

interaction was not statistically significant (Wilks Lambda 

= .9582, F = .3665, p < .832). 

One-way Analysis of Variance (ANOVA) and Scheffe 

multiple comparison tests were subsequently employed to test 

for the pattern of mean differences predicted in Hypotheses 

1 through 3 and 5 through 8. Group means, standard devia

tions, and results of one-way ANOVAS for all experimental 

tasks are shown in Table 2. Significance levels of the 

ANOVAS were set at .026 to control for multiple comparisons. 

Primary Analyses 

Hypothesis One 

AD PATIENTS WILL BE IMPAIRED RELATIVE TO CONTROLS ON A TASK 

REQUIRING THE LABELING OF EMOTIONAL EXPRESSIONS. THE SCORES 

OF LowAD PATIENTS WILL BE SIGNIFICANTLY BELOW THOSE OF BOTH 

HighAD AND CONTROLS', ALTHOUGH MEAN DIFFERENCES BETWEEN 

HighAD AND CONTROL SUBJECTS WILL NOT SIGNIFICANTLY DIFFER. 

As indicated in Table 2, results of the one-way 

ANOVA revealed a significant difference between groups on 

the expression labeling task, F = 13.61, p < .0000. Post

hoc Scheffe tests revealed a pattern of mean differences 

consistent with that predicted in Hypothesis 1, although 

differences between HighAD and LowAD scores were not signi

ficantly different (X = 5.8 and 8.3, respectively). As 
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Table 2. Means (and standard deviations) of LoWAD, HighAD, 
and Control subjects' performance scores on affect 
processing tasks. 

Task LowAD HighAD Control F p 

1 22.4 ( 2 • 5 ) 24.2 (1. 7) 25.6 (1. 3) 8.4541 .0010 

2 11.4 (1. 3) 12.3 (1. 2) 13.7 ( 2. 8 ) 3.8032 .0320 

3 23.1 ( 2 • 4 ) 24.7 ( .95 ) 25.6 ( 1. 8 ) 7.7581 .0016 

4 5.8 (1. 6) 8.3 ( 2 .5) 10.4 ( 2 • 4 ) 13.6104 .0000 

5 5.4 ( 2 • 4 ) 10.1 ( 1 • 3 ) 12.3 (1. 7) 46.3984 .0000 

6 5.0 ( 2 • 8 ) 7.9 ( 2 • 0 ) 11.4 ( 2 . 0 ) 24.9819 .0000 

Note: Task 1 = Discrimination of Facial Identity 
Task 2 = Discrimination of Genuine Emotions 
Task 3 = Discrimination of Emotional Expressions 
Task 4 = Matching Facial Expression to Name 
Task 5 = Matching Emotional Scene to Name 
Task 6 = Matching Facial Expressions to Emotional 

Scene 
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anticipated, HighAD and Control subjects did not differ in 

their ability to label emotional expressions. significant 

performance differences were documented only between LowAD 

and Control subjects (X = 5.8 and 10.4). These data are 

consistent with the hypothesis that simple word concepts are 

relatively intact during early stages of AD, but become 

increasingly compromised with disease progression. 

Hypothesis Two 

AD PATIENTS WILL BE IMPAIRED RELATIVE TO CONTROLS ON A TASK 

REQUIRING THE LABELING OF EMOTIONAL SCENES. PERFORMANCE OF 

AD PATIENTS WILL CORRELATE WITH DISEASE SEVERITY, RESULTING 

IN THE FOLLOWING RANK ORDER OF PERFORMANCE SCORES: LowAD < 

HighAD < CONTROLS. 

Ordering of mean scores on the emotional scene 

labeling task was consistent with that predicted in 

Hypothesis 2. Results of one-way ANOVA showed significant 

differences between patient and control groups (F = 46.39, 

p < .0000). Averaged performance between all groups was 

significantly different, with the lowest scores obtained by 

LowAD subjects (x = 5.4), followed by HighAD (x = 10.1) and 

Control subjects (x = 12.3). These data support the hypo-

thesis that performance deficits in abstraction and labeling 

tasks are evidence of breakdowns in the processing of 

complex semantic information, associated with progressive 

degenerative changes in AD. 
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Hypothesis Three 

IN THE FREE-ENCODING VERSION OF THE TASK INVOLVING MATCHING 

OF EMOTIONAL EXPRESSIONS TO SITUATIONAL SCENES, MEAN SCORES 

OF SUBJECTS WILL BE RANKED AS FOLLOWS: LowAD < HighAD < 

CONTROLS. 

Results of one-way ANOVA and Scheffe post-hoc 

comparisons revealed that all group means were significantly 

different (F = 24.98, P < .0000), and produced a pattern of 

scores consistent with that predicted in Hypothesis 3. 

Specifically, the performance of LowAD and HighAD patients 

on the free encoding task was significantly worse than 

Controls, and varied according to disease severity (X = 

5.10,7.90, and 11.38, respectively). This task required 

integration of knowledge related to affective expressions 

and complex situations, thereby placing the greatest demand 

upon semantic memory processes of all the experimental 

tasks. These data may be explained by a number of mecha

nisms, including impaired access and/or search, a degraded 

semantic store, impaired directed attention, frontal system 

dysfunction, or general cognitive decline affecting per

formance of a complex abstraction task. These issues will 

be addressed in the final section of this paper. 

Hypothesis Four 

FACILITATION EFFECTS ASSOCIATED WITH ELABORATION OF SEMANTIC 

ENCODING IN THE TASK REQUIRING MATCHING OF FACIAL EXPRES-
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SIONS TO SITUATIONAL SCENES ARE PREDICTED ACROSS AD, BUT NOT 

CONTROL, GROUPS. EVIDENCE OF IMPROVED PERFORMANCE ACROSS 

TRIALS WILL INDICATE A SEMANTIC PROCESSING DEFICIT IN AD. 

ABSENCE OF FACILITATION EFFECTS IN AD PATIENTS WILL INDICATE 

A PRIMARY STORAGE DEFICIT RESULTING FROM A FUNDAMENTAL LOSS 

OF SEMANTIC KNOWLEDGE. 

A repeated measures MANOVA was used to test Hypo

thesis 4, in which differences in subjects' performance 

across the three encoding versions of the matching task were 

assessed. The overall multivariate interaction (Wilks 

Lambda = .6611, F = 3.9075, p <.006) and main effect of Task 

(Wilks Lambda = .2496, F = 51.0856, P <.0000) were statis-

tically significant. As indicated in Table 3, facilitation 

effects were found across both patient and control groups. 

The performance scores of LowAD patients was signi

ficantly higher in the experimenter-encoding condition X = 

8.3), compared to both free-encoding and subject-directed 

encoding conditions (X = 5.1 and 5.0, respectively). 

However, subject-directed encoding did not significantly 

improve performance over their spontaneous responses in the 

free-encoding condition. 

Similarly, HighAD patients did not statistically 

improve in the subject-directed encoding condition relative 

to free-encoding, although scores in the experimenter-
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Table 3. Means (and standard deviations) of LowAD, HighAD, 
and Control subjects' performance scores on 
Versions 1-3 of the Matching Facial Expressions to 
Emotional Scene task. 

Task 

Version 1 

Version 2 

Version 3 

LowAD 

5.1 (3.1) 

5.0 (2.8) 

8.3 (3.8) 

HighAD 

7.9 (1.2) 

8.6 (2.8) 

10.9 (2.4) 

Control 

11.4 (2.0) 

11.6 (1.3) 

12.7 (1.4) 
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encoding condition were significantly higher than for both 

of the former tasks (X = 7.9, 8.6, and 10.9, respectively). 

Finally, the pattern of performance across the three 

versions of the encoding task for Control subjects was 

indistinguishable from that of the patient groups. Specifi

cally, no differences were found between free-encoding and 

subject-directed encoding conditions, although subjects' 

performance in the experimenter-encoding condition was 

superior to both free-encoding and subject-directed encoding 

tasks (X = 11.38, 11.61, and 12.72, respectively). 

These data documented facilitation effects occurring 

across both patient and control groups. Inspection of mean 

scores revealed a pattern of gradual improvement associated 

with increased structure imposed through experimental mani

pulation of encoding processes. The pattern of facilitation 

effects for AD patients was commensurate with that of normal 

controls. 

Hypothesis Five 

THE PERFORMANCE OF AD PATIENTS WILL VARY ACCORDING TO 

PROCESSING COMPLEXITY ACROSS PERCEPTUAL AND SEMANTIC 

ASSOCIATIVE TASKS, EVIDENCED BY THE FOLLOWING RANK ORDER OF 

PERFORMANCE SCORES (FROM HIGHEST TO LOWEST % CORRECT): 

1. Discrimination of Facial Identity 

2. Discrimination of Genuine Emotions 

3. Discrimination of Emotional Expressions 
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4. Matching Facial Expression to Name 

5. Matching Emotional Scenes to Name 

6. Matching Facial Expression to Scene-Version 1 

The final primary analysis assessed predictions of a 

functional model of information processing based upon Bruce 

and Young's theoretical model of face processing. Kolmo

gorav-Smirnov Two Sample Tests (K-S) were used to assess the 

extent to which the sample distributions approximated the 

hypothesized hierarchical distribution. Two additional a 

priori distributions were included as competing models of 

the theoretical distribution, allowing for the evaluation of 

relative 'goodness-of-fit' among the three models. These 

distributions are depicted in Table 4. The hierarchical 

model depicted descending percentages corresponding to 

predicted performance scores on the six experimental tasks 

(i.e .. 90, .80, .70, .60, .50, .40 for Tasks 1-6, respec

tively). A stepwise model predicted a bimodal distribution 

with tasks processed at pre-semantic levels associated with 

a high percentage of correct responses, and a low percentage 

of correct responses made on more complex semantic associa

tive tasks (i.e .. 80, .80, .80, .30, .30, .30 for Tasks 1-6, 

respectively). Last, a uniform distribution was included as 

an equivalency model of face processing in which performance 

across experimental tasks was predicted to be equal (i.e . 

. 50,.50, .50, .50, .50, .50, Tasks 1-6, respectively). 
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Table 4. Theoretical and actual percentage distributions 
across affect processing tasks. 

Theoretical Distributions Actual Distributions 

Task Hierar- Stepwise Equiva- AD Control 
chical lency 

1 .900 .800 .500 .832 .915 

2 .800 .800 .500 .854 .976 

3 .700 .800 .500 .846 .913 

4 .600 .300 .500 .504 .742 

5 .500 .300 .500 .554 .877 

6 .400 .300 .500 .464 .831 

Note: Task 1 = Discrimination of Facial Identity 
Task 2 = Discrimination of Genuine Emotions 
Task 3 = Discrimination of Emotional Expressions 
Task 4 = Hatching Facial Expression to Name 
Task 5 = Hatching Emotional Scene to Name 
Task 6 = Hatching Facial Expressions to Emotional 

Scene 
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As indicated in Table 5, results of a series of K-S 

Tests revealed that the hierarchical model was the most 

consistent representation of the underlying distributions of 

both patient and control groups (K-S Z = .577, p = .893; K-S 

Z = 1.55, P = .139, respectively). The alternative stepwise 

model was also found to be similar to the AD distribution 

(K-S Z = .866, p = .441). However, differences between the 

equivalency model and AD percentages were statistically 

significant, indicating a discrepancy between the sample and 

the second alternative theoretical distribution (K-S Z = 

1.44, P = .031). Significant differences between averaged 

Control percentage scores and both stepwise and equivalency 

distributions were also documented, again indicating a lack 

of consistency between Control and the two alternative 

theoretical distributions (K-S Z = 1.44, p = .03; K-S Z = 

1.73, p = .005). Finally, the performance distribution of 

AD as compared with Control percentage scores was not found 

to be statistically different (K-S Z = 1.15, p = .139), 

indicating a modest degree of consistency between the two 

underlying distributions. 

Secondary Analyses 

Secondary analyses were performed to test subjects' 

performance on the three discrimination tasks, and were 

included primarily to rule out the possibility that errors 

on the associative tasks could be attributed to perceptual 
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Table 5. Kolmogorav-smirnoff two sample tests comparing 
actual and theoretical distributions of AD 
patients and controls (2-tailed probability). 

AD Control 

KS-Z p KS-Z P 

Hierarchical .577 .893 1.15 .139 

Stepwise .866 .441 1.44 .031 

Equivalency 1. 44 .031 1.73 .005 

Control a 1.15 .139 

*Comparison of AD and Control distributions. 
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or more fundamental processing (i.e. template-matching or 

structural encoding) mechanisms (see Table 2). 

Hypothesis six 

THE PERFORMANCE OF CONTROL AND HighAD GROUPS WILL NOT DIFFER 

IN THEIR ABILITY TO DISCRIMINATE FACIAL EXPRESSIONS, AL

THOUGH LowAD PATIENTS WILL PERFORM AT A LEVEL SIGNIFICANTLY 

BELOW THAT OF BOTH HighAD AND CONTROL GROUPS. 

Results of one-way ANOVA revealed significant 

differences across groups on the expression discrimination 

task (F = 7.75, p < .0016). The pattern of performance 

predicted in Hypothesis 6 was supported as scores of LowAD 

patients were significantly below those of HighAD and normal 

Controls (X = 23.1, 24.7, and 25.5, respectively). It is 

noted that LowAD patients performed well above chance on 

this task (maximum correct = 28). In addition, large 

discrepancies between mean scores were not observed in this 

group suggesting that some preservation of expression 

discrimination abilities exists even in more advanced stages 

of AD. 

Hypothesis Seven 

PERFORMANCE OF AD AND CONTROL SUBJECTS WILL NOT DIFFER IN 

THEIR ABILITY TO DISCRIMINATE GENUINE EMOTIONS FROM NON

EMOTION FACIAL CONFIGURATIONS. 
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As predicted, one-way ANOVA revealed that the 

performance of patient and control groups approached 

statistical significance at the .025 level (F = 3.80, P < 

.032). The pattern of mean scores was consistent with that 

found across other experimental tasks (x = 11.40, 12.3, and 

13.66 for LOWAD, HighAD, and control subjects respectively). 

The ability to perform this task was conceptualized as the 

result of an expression 'template-matching' procedure in 

which structural features either did or did not conform to 

stored mental representations of emotional expressions. 

This process was proposed to fall within the realm of pre

semantic processing, thus requiring fundamental abilities 

that are relatively spared by early and moderate stages of 

progressive neurodegenerative disease. 

Hypothesis Eight 

PERFORMANCE OF AD AND CONTROL SUBJECTS WILL NOT DIFFER IN 

THEIR ABILITY TO DISCRIMINATE FACIAL IDENTITY. 

Contrary to prediction, differences between groups 

we ref ound on the identity discr imina tion task (F = 8.45, 

p < .001). Specifically, Scheffe procedures revealed 

significant differences between LowAD and Control subjects 

(X = 22.40, 25.61), with the mean score of HighAD patients 

(X = 24.2) not significantly different from either Control 

or LowAD subjects. As in the former task, discrimination of 

face identity was conceptualized as the product of a pre-
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semantic processing mechanism in which the comparison of 

feature similarities and differences occur as the product of 

structural encoding within the face processing system. 

statistically reliable differences between groups emerged 

only between the more severely impaired patients and 

controls. Again the performance of LowAD patients was well 

above chance and raw scores were found to be fairly close to 

those of the other two groups. 

Hypothesis Nine 

AD PATIENTS' PERFORMANCE ON AFFECT PROCESSING TASKS WILL BE 

RELATED TO CAREGIVER BURDEN, DEPRESSION, AND IMPAIRMENT 

RATINGS ON THE CBRS. 

A series of regression analyses were performed to 

examine the relationships between patients' performance on 

affect processing tasks and measures of depression, care

giver burden, and impairment scores on the CBRS. In the 

first set of analyses, patients' scores across the six 

experimental tasks were summed to yield an aggregated affect 

processing score (i.e. AFFECT), entered as one of two 

independent variables. Level of cognitive impairment was 

controlled by forcing severity (i.e. MMSE scores) first in 

the equation. The dependent measures were 1) patient GDS 

score, 2) caregiver's GDS score, 3) caregivers' ratings of 

patient's level of depression (GDS rated for patient), and 

4) caregivers' self-report ratings on the Burden Inventory. 
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NO significant relationship was found between patients' or 

caregivers' self-report of depressive symptoms and patients' 

performance on affect processing tasks, once mental status 

was statistically controlled. Bivariate correlation 

coefficients between aggregated affect processing scores and 

the dependent measures noted above are shown in Table 6. 

The same set of procedures was used to assess the 

relationship between caregiver ratings of patients' behav

ioral problems and patients' ability to interpret facial and 

situational affect, independent from level of intellectual 

decline. In this second series of analyses, scores on 

six behavioral scales of the CBRS were used as dependent 

measures: 1) Language Disorder, 2) Agitation, 3) Need for 

Routine, 4) Memory Disorder, 5) Apraxia, and 6) Disorienta

t i on. MMSE scores were again forced into the equation at 

the first step of the analysis. 

Results indicated that MMSE scores were signifi

cantly related to Language Disorder scores on the CBRS 

(Multiple R = .4841, F = 5.2023, p < .0357). MHSE was not 

statistically related to any other CBRS rating scale. The 

affect processing score was the sole predictor of Disorien

tation scores (Multiple R = 45.83, F = 4.5211, p < .048) 

with a Beta weight of -.4583. These data indicate that 

caregivers' ratings of the severity of patients' disorien

tation were inversely related to performance on affect 
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Table 6. Bivariate correlation coefficients between AD 
patients aggregated affect processing scores, 
caregiver burden, and depression measures. 

Inventory Affect Score p 

Burden -.2357 .362 

GDS-Caregiver -.1326 .600 

GDS-Patient -.1006 .673 

GDS-Caregiver Rating -.0814 .748 
for Patient 
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processing tasks, independent of MMSE performance. Table 7 

shows the bivariate correlation coefficients between 

aggregated affect processing scores and caregiver ratings of 

patients' behavioral deficits on the CBRS subscales. 

Post-Hoc Analyses 

The present results indicate that patients with AD 

are impaired in their ability to discriminate, label, and 

interpret facial and situational affect. In order to assess 

the relationship of general cognitive impairment to perform

ance on affect processing tasks, and the effect of preceding 

'lower-level' perceptual classification tasks on semantic 

associative task performance, relevant correlation coeffi

cients were examined. Scores of all 20 AD patients were 

included in the analysis. 

As indicated in Table 8, MMSE scores were signifi

cantly related to patients' ability to discriminate facial 

affect expressions (r·= .5944) and to labeling of situa

tional affect (r = .7660). No significant association was 

found between level of cognitive impairment and performance 

on two of the tasks conceptualized as involving 'pre

semantic' processes (i.e. identity discrimination and 

discrimination of genuine emotions), or to semantic associa

tive tasks involving labeling of emotional expressions and 

matching facial expressions to emotional situations. 
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Table 7. Bivariate correlation coefficients between AD 
patients' aggregated affect processing scores and 
CBRS scores. 

CBRS Subscale Affect Score p 

Language Disorder -.4326 .064 

Agitation .1351 .581 

Need for Routine .0157 .949 

Memory Disorder -.2292 .345 

Apraxia -.0839 .733 

Disorientation -.4583 .048 
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Table 8. Bivariate correlation coefficients for relations 
between AD patients' MMSE scores and affect 
processing tasks. 

Task MMSE 

1 

2 

3 

4 

5 

6 

* p <.01 
** P <.001 

Note: Task 
Task 
Task 
Task 
Task 
Task 

1 = 
2 = 
3 = 
4 = 
5 = 
6 = 

.3421 

.2272 

.5944* 

.4178 

.7660** 

.4250 

Discrimination of Facial Identity 
Discrimination of Genuine Emotions 
Discrimination of Emotional Expressions 
Matching Facial Expression to Name 
Matching Emotional Scene to Name 
Matching Facial Expressions to Emotional 
Scene 
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In terms of associations between higher-order tasks 

involving emotional semantics and fundamental perceptual 

tasks, results indicated that 1) labeling of emotional 

expressions was related to facial identity discrimination 

(r = .5832), 2) labeling of situational affect was related 

to discrimination of genuine emotions (r = .6858), and 3) 

matching facial affect to emotional scenes (free-encoding 

version) was related to both the discrimination of genuine 

emotions and labeling of situational affect (r = .6385 and 

r = .7029, respectively). These data are shown in Table 9. 
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Table 9. Bivariate correlation coefficients between AD 
patients' scores on affect processing tasks. 

Task 1 

1 

2 

3 

4 

5 

6 

* p <.01 
** P <.001 

Note: Task 1 = 
Task 2 = 
Task 3 = 
Task 4 = 
Task 5 = 
Task 6 = 

2 3 4 5 6 

.3791 .4681 .5852* .5087 .4199 

.2043 .4210 .4873 .3416 

.4492 .6858** .6385* 

.5031 .5082 

.7029** 

Discrimination of Facial Identity 
Discrimination of Genuine Emotions 
Discrimination of Emotional Expressions 
Matching Facial Expression to Name 
Matching Emotional Scene to Name 
Matching Facial Expressions to Emotional 
Scene 
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SUMMARY AND DISCUSSION OF RESULTS 

The present study used a series of experimental 

tasks to examine the integrity of perceptual classification 

and emotional semantic processing in AD. Differential 

abilities were documented among mild to moderately impaired 

AD patients and healthy controls on tasks conceptualized as 

operating at pre-semantic and semantic associative levels of 

the affect processing system. A summary and discussion of 

results follows. 

Fundamental Face Processing Tasks 

Subjects performed three experimental tasks designed 

to assess processing of basic facial configurations. Dis

crimination of face identity, discrimination of genuine vs. 

non-emotional expressions, and discrimination of same vs. 

different emotional expressions were conceptualized as 

evaluating the integrity of pre-semantic visual analysis of 

facial features following structural encoding. It was 

posited that subjects' decisions on these tasks were based 

upon the degree of similarity between expression codes 

derived from structural encoding and stored mental represen

tations of facial expressions, as in the template-matching 

procedure described by Bruce and Young (1986). 
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The performance of HighAD and Control subjects did 

not significantly differ across the fundamental face 

processing tasks. Moreover, scores obtained by HighAD and 

LowAD subjects were not statistically different. Signifi

cant differences did emerge between mean scores of LowAD and 

Control subjects. However, inspection of mean differences 

on identity, expression, and genuine-emotion discrimination 

tasks revealed that although scores of the LowAD patients 

were lower than Controls', raw score differences were small 

and the performance of LowAD subjects well exceeded chance 

levels (i.e. 80% to 83% accuracy). These data suggest that 

although more advanced dementia patients show impairments in 

fundamental face processing abilities, such deficits are not 

severe and, in fact, these abilities appear reasonably pre

served in mild to moderate stages of AD. Only LowAD patients 

evidenced perceptual categorization deficits commonly seen 

in patients with right-hemisphere damage and in other recent 

studies of demented patients (e.g. Brosgole et al., 1981; 

Tucker, 1981). Moreover, the dissociation between face 

discrimination and discrimination of facial emotion freq

uently reported in these clinical populations was not found 

in the present sample. Of note, similar findings were re

ported by Albert et ale (1991), who found no differences in 

their series of face recognition tasks (i.e. discrimination 

of face identity and emotional expressions) between AD and 
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Control subjects when test scores were adjusted for face 

perception ability. 

Associative Affect Tasks 

AD patients were impaired on tasks involving 

labeling of emotional expressions, labeling of emotional 

situations, and matching facial expressions to emotional 

scenes. Only LowAD subjects showed deficits in labeling of 

facial expressions, whereas the performance of HighAd 

subjects on this task was comparable to that of normal 

controls. That HighAD subjects were not significantly 

impaired on this task was interpreted as evidence that 

simple word concepts and their associations to pictorial 

representations remain fairly intact throughout early stages 

of the disease. Deficits evidenced by LowAD subjects are 

consistent with the progressive declines in naming and word

finding abilities characteristic of AD. Impaired perform

ance of both LowAD and HighAD patients on situational affect 

tasks is consistent with that demonstrated on other types of 

complex semantic memory tasks. 

Evidence that AD patients perform better on percep

tual classification tasks than on semantic associative tasks 

has emerged as a reliable finding in studies of affect 

processing in dementia. The dissociation between perform

ance on these two types of tasks would appear to support the 

observation of Brosgole et ale (1981) that demented patients 
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may "feature detect" rather than attend to the affective 

meaning in associative tasks. Anecdotally, several patients 

in the present study verbalized a strategy on facial affect 

interpretation tasks in which they were attempting to locate 

a specific feature among the array of facial affect photo

graphs (e.g. a "smile"), and proceeded to use this strategy 

to narrow their response alternatives on labeling and match

ing tasks (e.g. to faces in which the lips were parted or 

teeth were exposed). However, transcriptions of patients' 

responses on the visual matching task suggested that 

patients were generally able to comprehend the context 

depicted in the situational affect stimuli, suggesting that 

at some level they were able to integrate meaningful fea

tures depicted of the emotional scene. Further investigation 

is needed to clarify strategies used by dementia patients in 

performing these tasks. 

Consistent with the present data and conceptual 

formulation, Brosgole and colleagues (1981) maintained that 

patients' affect interpretation deficits lie within the 

associative linkages between visual images and their 

meanings. In the present study, what distinguished affect 

labeling and interpretation tasks from those classified as 

pre-semantic tasks was that they were posited to rely upon 

the activation of higher-order, emotion-specific semantic 

representations. That both Low AD and HighAD patients were 
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differentially impaired on tasks involving the labeling of 

emotional expressions and interpretation of situational 

affect, but could perform basic classification tasks, sug

gests problems in access to, and/or organization of, higher 

levels of the structure containing the affect processing 

system. 

A series of a posteriori analyses revealed a 

significant relationship between MMSE scores and subjects' 

discrimination of facial affect expressions and labeling of 

emot i onal scenes. However, nei ther perceptual classifica

tion or any of the remaining affect processing tasks were 

statistically related to level of cognitive impairment as 

measured by the MMSE. 

Kurucz and Feldman's follow-up study (1979b) showed 

that patients' impairment on affect recognition tasks was a 

better predictor of organic impairment than subjects' 

performance on basic screening tests (i.e. cross and clock 

drawings). Relatedly, Albert et al. (1991) interpreted 

their data as indicating that widespread cognitive deficits, 

as determined by performance on standardized neuropsycho

logical tests, accounted for patients' impaired performance 

on affect processing tasks. The present results appear more 

consistent with those of Allender and Kaszniak (1989) in 

suggesting that some, but not all, of the variance on affect 
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processing tasks is attributable to patients' deterioration 

in intellectual functioning. 

Allender and Kaszniak (1989) found strong associa

tions among different types of emotion processing tasks. To 

assess the relationships among primary face processing 

abilities and performance on semantic associative tasks, 

relevant correlation coefficients were examined. These data 

showed that 1) labeling of emotional expressions was related 

to identity discrimination, 2) the ability to appropriately 

label the context of emotional scenes was related to discri

mination of genuine emotions, and 3) matching emotional 

expressions to representative scenes was related to the 

discrimination of genuine emotions and labeling of facial 

affect expressions. 

These data imply that selective perceptual, or pre

semantic processing abilities may have affected patients' 

ability to label of facial affect expressions and match 

expressions to affective scenes. However, patients' scores 

across fundamental face processing tasks closely approxi

mated those of controls', and appeared reasonably accurate. 

Thus, basic affect processing deficits would not seem to 

completely explain the emotion labeling difficulties of AD 

patients in this study. The relationship between patients' 

ability to label situational affect and performance on the 

visual matching task suggests that the ability to access 
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the appropriate verbal label of a complex emotional scene 

may be a prerequisite to performance of related visual 

associative tasks. 

Finally, order of task presentation cannot be ruled 

out as a potential experimental confound in this study. 

Specifically, since the labeling of situational affect task 

was administered immediately before the visual matching 

task, subjects' responses on the former task may have influ

enced performance on the subsequent non-verbal matching 

task. 

The discrepancies between the present and the Albert 

et ale (1991) studies may be due to differences in patient 

characteristics in terms of both age (X = 76.1 and X = 89.6, 

respectively) and living situation (Le. residential vs. 

community-dwelling, respectively). These comparisons imply 

that level of cognitive impairment may have been greater in 

the Albert et ale sample. In addi tion, the extremely poor 

performance of AD patients on the face discrimination test 

in the Albert et ale study suggests greater visuoperceptual 

deficits in their subjects relative to the present sample of 

AD patients. The combination of greater cognitive and 

perceptual impairment in subjects studied by Albert et ale 

may similarly explain the discrepancy of results between the 

former study and those reported by Allender and Kaszniak. 
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Facilitation Effects 

Three versions of a task requiring subjects to match 

facial expressions to emotional scenes were used to assess 

possible mechanisms of affect processing deficits in AD. 

Results yielded similar patterns of facilitation across both 

AD and Control groups. Of the two conditions intended to 

actively prime associative connections through identifica

tion of salient features and setting descriptions, only the 

condition in which the experimenter provided subjects with 

semantic cues resulted in significant facilitation effects. 

Evidence that subjects provided more accurate responses in 

the experimenter-directed version, relative to free and 

subject-directed encoding tasks, was interpreted as 

supporting the hypothesis that semantic stores of affect 

knowledge and their associative connections are preserved in 

AD, but may be severely disorganized or inefficiently 

accessed, as previously argued by Nebes (1989) and others. 

Alternative explanations exist for the emergence of 

facilitation effects in this study. For example, it is 

possible that increased length of exposure to the experi

mental stimuli allowed for more efficient integration and 

consolidation of information, thereby resulting in subjects' 

improved performance on the third trial. This would suggest 

that patients required more time to process the material due 

to slowed or otherwise inefficient access and retrieval of 
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information, independent of the type of encoding manipula

tion employed. Slowed information processing has, in fact, 

been well-documented in AD (e.g. Nebes & Madden, 1988). 

Evidence that AD patients may benefit from repetition prim

ing also suggests that increased exposure to experimental 

stimuli facilitates task performance (Ober & Shenaut, 1988). 

Second, although scene descriptions provided by the 

experimenter on the final version of the task were stand

ardized and did not contain affective information, it is 

possible that the experimenter could have inadvertently 

facilitated subjects' performance through prosodic or 

nonverbal cues at the time of test administration. Unfor

tunately, only level of cognitive deterioration (i.e. MMSE 

score) was not known to the experimenter. The task would 

not allow for the experimenter to be blind to correct 

responses or to AD vs. Control group membership, both of 

which could have assisted in controlling this potential 

confound. It could be argued that the subtlety of an 

experimenter effect would not be sufficient to have altered 

the task performance of demented patients. However, this 

point has not been empirically examined in clinical popu

lations and thus it cannot be assumed that subjects in this 

study did not inadvertently benefit from uncontrolled 

experimenter cues. 
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It is also possible that the free and subject 

encoding versions improved performance on the final version 

by implicitly providing error feedback and thus increasing 

the probability of chance choice of the correct match. 

However, in an attempt to prevent corrective feedback, all 

subjects were told prior to administration that they would 

perform 3 trials of this task. Future studies may control 

for this artifact by separately administering each version 

to different groups of matched subjects and comparing 

performance across conditions. 

Neither of the former explanations would argue 

against the existence of an intact emotion processing system 

in AD. However, alternatives to the hypothesis that 

breakdowns in semantic processing accounted for patients' 

difficulty on situational affect tasks do exist. One 

possibility is that a complex visual perception deficit 

could have caused the performance deficits demonstrated in 

the present study. Simultanagnosia is a perceptual disturb

ance evidenced by "the inability to interpret complex visual 

arrays despite preserved recognition of single objects" 

(Coslett & Saffran, 1991). This disorder typically r~sults 

from bilateral lesions of the parieto-occipital cortex, and 

has thus been reported in degenerative disorders (Benson, 

Davis, & Snyder, 1988). It is possible that deficits on 

tasks requiring interpretation of emotional situations by AD 
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patients may be related to visual integration deficits. 

This possibility was anticipated during the design phase of 

the present study, and written transcripts of subjects' 

responses during the free and subject-directed versions were 

made at the time of the assessment. Blind review of this 

material indicated that patients were generally able to 

convey an understanding of the setting despite the preva

lence of word-finding difficulties. Although not conclu

sive, this suggests that patients' deficits were not due to 

problems in misperceptions of salient features or in the 

inability to comprehend the meaning of various scenes. 

Rather, the impairment appeared to lie in the process of 

linking appropriate facial affect representations to the 

corresponding meaning conveyed by pictorial representations. 

Of additional interest is the possibility that the 

poor performance of AD patients in free encoding and 

subject-directed versions of the visual matching task 

resulted from problems with directed and/or sustained atten

tion. It has been proposed that tasks requiring intentional 

or strategic retrieval, manipulation of semantic informa

tion, or explicit judgements about such information place 

particularly high demands on attentional capacity in AD 

(Nebes, 1984). The situational affect task would seem to 

involve a combination of all these processes. Moreover, 

probes provided by the experimenter were deliberately 
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created in service of attempting to activate associative 

connections related to the emotional scene by directing 

attention to salient emotional cues. If attentional 

processes are easily disrupted or otherwise impaired in AD, 

as has been suggested by performance deficits on other 

complex semantic processing tasks, the effect of the experi

mental manipulation may be that of enhancing processing 

efficiency through the strengthening of focused attention. 

Bruce and young (1986) included such a functional 

component in their information processing model of face 

recognition. As part of the general cognitive system, the 

"directed visual processing" component is assumedly 

responsible for strategic encoding of visual information. 

The purpose of this attentional mechanism is to facilitate 

the selective processing of distinctive or critical features 

of complex perceptual stimuli. Results of the visual 

matching task suggest that AD patients may have difficulty 

independently carrying out directed visual processing due to 

impairments affecting selective attention mechanisms, al

though they are able to benefit from external organizational 

cues, as provided in the experimenter-directed version of 

the visual matching task. 

Before leaving this discussion, a separate issue 

regarding the nature of the visual matching task should be 

noted. It is possible that patients would have performed 
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similarly in the second and third versions of the visual 

matching task in the complete absence of the scene itself. 

That is, these manipulations may have altered the task such 

that it became a verbal-visual associative task, and 

subjects matched facial expressions to verbal cues alone. 

Future studies will be able to systematically examine this 

possibility by having some of the subjects perform the task 

in response to verbal cues alone. 

Hierarchy of Associative Tasks 

The integrity of a hierarchical model of face pro-

cessing abilities was assessed by comparing the distribution 

of subjects' scores on the experimental affect tasks to 

three different theoretical distributions. Results indica-

ted that a hierarchical model reflected the best 'goodness-

of-fit' with both AD and control distributions. A step-wise 

model was also predictive of the obtained distribution for 

AD, but not control, subjects. The non-discriminant model, 

in which no differences across tasks were predicted, was not 

representative of either group distribution. Distributions 

of both AD and control subjects were not statistically 

different (p = .139). 

Relationships between Caregiver Ratings 
and Affect Processing Tasks 

Associations between patients' performance on affect 

processing tasks and measures of depression, caregiver bur-
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den and behavioral deficits were examined through a series 

of regression analyses. In each analysis, MMSE was entered 

first to control for severity of cognitive impairment. 

Scores on the six experimental tasks were aggregated to form 

a summary score of affect processing ability. No statisti

cal relationship (independent of MMSE performance) was found 

between patients' ability to perform tests assessing 

categorization and interpretation of affective stimuli and 

measures of patient or caregiver depression, or of caregiver 

burden. 

In assessing the relationship between performance on 

affect processing tasks and CBRS scores, results revealed a 

significant relationship between caregivers' ratings on the 

Disorientation subscale and patients' ability to perform 

affect interpretation tasks, independent of MMSE performance 

level. Items on the Disorientation subscale reflect pa

tients' severity of general confusion, disorientation, and 

related wandering behavior as observed by primary care

givers. In addition to mental confusion, ratings on this 

scale may also indicate severe attentional deficits, a 

factor previously implicated in patients' difficulty in 

performing semantic associative tasks. 

Since this study did not find significant rela

tionships between subjective burden and either patients' 

performance on affect processing tasks or MMSE scores, 
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caregiver burden appears to be related to other factors not 

assessed in this study. Over the last decade, the construct 

of burden among caregivers of demented patients has under

gone numerous conceptual revisions in attempts to explain 

conflicting relationships between burden and the severity of 

patients' cognitive and behavioral problems (e.g. Poulshock 

& Deimling, 1984; Stephens & Kinney, 1989). The distinction 

between objective and subjective burden has been made by 

Thompson and Doll (1982) to differentiate between disrup

tions in lifestyle activities, vs. subjective distress 

associated with caregivers' feelings of resentment, 

isolation, stress, etc. These authors suggest that such 

variables differentially relate to patient and caregiver 

well-being. 

Another theoretical model partitioned burden into 

three components which were found to contribute unique 

variance to overall level of caregiver distress: 1) stress 

in response to caregiving experiences, 2) vulnerability, and 

3) resource availability (Vitaliano, Young, & RUsso, 1991). 

As measured in the present study, burden did not include 

specific assessment of caregiver vulnerability or the 

availability of social, psychological or financial support. 

Other factors, including psychological symptoms in care

givers, caregiver age, sex, and relationship to the patient, 

have all been identified as factors differentially influenc-
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Anthony-Bergstone, Zarit, & Gatz, 
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(Haley & pardo, 1989; 

1988). Thus, variables 

beyond those associated with stressful caregiving activi

ties, as measured in the present study, may interact in 

important ways to determine the significance of caregiver 

burden. 

In addition, it is possible that the relationship 

between burden and patients' cognitive deficits is curvi

linear rather than linear. cognitive abilities and care

giver burden may be inversely related in mild stages of the 

disease. As burden decreases with disease progression, 

perhaps such factors as caregivers' and patients' adjustment 

to the illness, and/or reliance on extended caregiving 

assistance serve to ameliorate caregiver distress. This 

relationship has been proposed by Pruchno and Resch (1989), 

who hypothesized that level of burden is greatest during the 

middle stages of AD when behavioral disturbances are at a 

peak, but may decline during later stages of the disease. 

Conclusions 

Theoretical models of cognitive information pro

cessing have suggested that the broad structure of semantic 

memory is divided into multiple subsystems, one of which may 

be uniquely specialized for the processing of affect-related 

information. Patients with AD are known to demonstrate sig

nificant impairment on many types of semantic memory tasks, 
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including tasks involving the interpretation of emotional 

cues. Researchers have been divided in their views regard

ing the extent to which such deficits represent a primary 

loss of semantic knowledge in AD, or inefficient access to 

stored semantic representations. 

Results of the present study suggest that the 

fundamental structure for facial and situational affect 

processing may be preserved in mild to moderately impaired 

AD patients. Specifically, AD subjects demonstrated a 

differential pattern of performance on perceptual classi

fication and affect processing tasks increasing in semantic 

complexity. AD patients were also able to benefit from 

emotional cues on a visual associative task involving 

interpretation of situational affect. And, although the 

performance level of AD patients was lower than controls, 

the overall distribution of scores across experimental tasks 

closely approximated that of normal control subjects. 

Although these results suggest that the basic struc

ture of emotional semantics may be spared in AD, it is not 

possible to confidently rule out a degraded store deficit as 

the cause of impairments on affect associative tasks. 

Future studies are needed to clarify the nature of semantic 

competency for affect processing in AD. 

Finally, the present study was unable to identify 

affect processing variables associated with caregiver 
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burden. Clearly the social, economic, and personal costs 

of caregiving upon a rapidly aging society are great. In 

this light, the importance of intensive research efforts 

aimed at providing a greater understanding of caregiver 

burden, and its relationship to the cognitive and emotional 

behavior of neurologically impaired adults, cannot be 

overstated. 
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AD is the most prevalent form of dementing illness, 

affecting approximately 2.5 million people in the U.S. 

(Evans et al., 1989). The annual incidence of AD among 

persons age 40 to 60 has been estimated as 2.4 cases per 

100,000 and dramatically increases to 127 cases per 100,000 

in individuals over age 60 (Rocca, Amaducci, & Schoenberg, 

1986). Recently, a study involving over 3500 urban commu-

nity residents examined prevalence rates and concomitant 

physiological and cognitive features of AD (Evans et al., 

1989). In accordance with NINCDS-ADRDA and DSM-III-R 

diagnostic criteria for probable AD, results of extensive 

evaluation--including neurological, neuropsychological, 

psychiatric and laboratory studies--yielded prevalence rates 

of 3.0% and 18.7% among participants aged 65-74 and 75-85, 

respectively. Most striking, however, was the emergence of 

a 47.2% prevalence rate among subjects over the age of 85. 

Clearly this disease imposes a significant health and 

economic burden upon a rapidly aging society. 
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Clinical and Neuropathological Findings 

In 1907 Alois Alzheimer published the first 

description of neuropathologic changes and associated 

clinical presentation of the disease that now bears his 

name. More than eight decades later, many important 

questions regarding the etiology, biochemical mechanisms, 

and pathological features of this disease remain unanswered. 

The disease is characterized by an insidious onset of 

symptoms and is presently irreversible and untreatable. 

Clinical diagnosis of probable AD (McKahnn et al., 1984) 

continues to be made on the basis of eliminating possible 

alternative causes for presenting signs and symptoms. A 

diagnosis of definite AD requires both the clinical features 

and evidence of characteristic neuropathology at autopsy. 

The criteria for diagnosing dementia, according to 

the revised third edition of the American Psychiatric 

Association's Diagnostic and statistical Manual (DSM-III-R; 

APA, 1987) are as follows: 1) impairment in short- and 

long-term memory, 2) disturbance in higher cortical 

function, such as impaired judgement, impaired abstract 

thinking ability, apraxia, agnosia, aphasia, or change in 

personality relative to premorbid functioning, 3) evidence 

that these disturbances significantly interfere with the 

individual's work or social interactions, and 4) evidence 

that cognitive impairments are not manifested solely in the 
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course of a delirium. All other specific causes of dementia 

must be excluded by history, physical examination, or 

laboratory tests. 

In addition to meeting all clinical criteria for the 

syndrome of dementia, a diagnosis of probable AD requires 

evidence of: 1) an insidious onset of symptoms, 2) pro-

gressive deterioration in memory and cognitive functioning, 

3) the absence of alterations in consciousness, and 4) the 

exclusion of all other known causes of dementia, including 

the dementia syndrome of depression, nutritional deficien

cies, metabolic disorders, medication effects, and other 

chronic illnesses (Cohen, 1986). 

Clinically, probable AD patients present with signi

ficant secondary memory deficits, marked by an early and 

rapid decline with disease progression (Wilson, Bacon, FOX, 

& Kaszniak, 1983; Wilson & Kaszniak, 1986). Primary memory, 

in contrast, appears relatively intact at the outset of 

the illness but deteriorates in later stages (Storandt, 

Botwinick, & Danzinger, 1986; Wilson & Kaszniak, 1986). 

Profound language deficits are associated with AD and 

include anomia, aphasic agraphia, and impaired reading and 

aural comprehension, although verbal output is typically 

fluent and repetition ability intact (Bayles & Kaszniak, 

1987; Kaszniak, Wilson, FOX, & Stebbins, 1986). Visuospa-

tial dysfunction and disorientation are common features of 
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AD; concrete thinking and acalculia also develop as the 

disease progresses (Cummings, 1987). 

Several neuropathological features of AD have been 

reliably documented. Hallmark histologic correlates of AD 

include widespread distribution of neurofibrillary tangles 

(NFTs) and neuritic plaques (NPs) throughout the neocortex. 

As well, neurons forming the ascending cholinergic pathways 

of the basal forebrain degenerate, as evidenced by a marked 

reduction of choline acetyltransferase (ChAT), the enzymatic 

marker for acetylcholine (ACh; Rosser et al., 1984). Cell 

bodies of these cholinergic neurons are concentrated in the 

nucleus basalis of Meynert and septal areas. They are the 

primary source of cholinergic innervation for the amygdala, 

hippocampus, and cerebral cortex (Angevine and Cotman, 1981; 

Rosser et al., 1984). 

Morphological changes associated with AD include 

diffuse cortical atrophy and ventricular enlargement. 

Radiographic evidence of such pathological changes are less 

specific to progressive dementia, as similar macroscopic 

signs are found in normal aging, other pathological states, 

and may even be absent in patients with documented AD 

(Bigler, Hubler, Cullum, & Turkheimer, 1985; Jacobsen & 

Farmer, 1979). Studies of regional cerebral blood flow, 

depicted in positron emission tomography (PET) studies, have 

documented decreased cerebral blood flow in posterior 
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temporoparietal areas of AD patients (Bonte, Ross, Chehabi, 

& Devous 1986; McGeer, Kama, Harrop, Li, & Tuokkor, 1986) 

although again such metabolic alterations are not unique 

pathognomic indicators of AD. 

The relationship between cognitive functioning in AD 

and physiologic and regional morphologic features described 

in the preceding paragraphs has been reviewed by Pirozzolo, 

Inbody, Sims, strittmatter, & Baskin (1989). The findings 

from several of the more recent studies are briefly de

scribed below. 

Inverse correlations between NP count, mental 

status, and language functioning were reported in a study of 

11 patients with clinical diagnosis of probable AD (Martin, 

Wilson, Penn, FoX, Clasen, & Savoy, 1987). Specifically, 

increases in the number of NP formations were related to 

poorer performance on neuropsychological tests of auditory 

comprehension (Token Test, r = -.77), verbal fluency (Con

trolled Oral Word Association Test, r = -.62), and overall 

dementia severity (MMSE, r = -.70). In contrast, no 

association was found between mean plaque count and age, or 

performance across tests of confrontation naming, verbal 

intellectual abilities (WAIS-R Verbal I .Q.), or memory 

functioning (Wechsler Memory Quotient and Buschke-Fuld 

selective reminding procedure). 
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Biopsy studies have found a positive correlation 

between declines in ACh synthesis and slowed reaction time 

(Francis et al., 1985; Swihart et al., 1988), number of 

intrusion errors made on test of verbal fluency (Fuld, 

1983b), and degree of general cognitive impairment (e.g. 

Frances et al., 1985; Katzman & Terry, 1983). Decreases in 

ChAT levels have also been related to impaired performance 

on test of immediate memory (Fuld Object-Memory Evaluation) 

and deterioration of mental status (Blessed Mental Status; 

Fuld, 1986). 

Studies of metabolic asymmetries by PET have 

revealed inverse correlations between intact visuospatial 

and verbal abilities (as per standardized measures of 

neuropsychological functioning) in moderately impaired AD 

patients and right vs. left-sided hypometabolism, respec

tively (e.g. Haxby, Duara, Grady, Cutler, & Rapaport, 1986; 

Grady, Haxby, schlageter, Berg & Rapaport, 1986). An 

absence of significant correlations between metabolic asym

metries and neuropsychological deficits in mildly impaired 

AD patients has led at least one group of researchers to 

suggest that cortical metabolic abnormalities may precede 

evidence of impairment on tests of neuropsychological func

tioning (Haxby et al., 1990). This hypothesis was supported 

in a recent longitudinal study (range 15-48 months) of 32 

patients with probable AD (see Haxby et al., 1990 for 
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complete listing of rCBF ranges and neuropsychological test 

data) . 

Emotional Concomitants of AD 

systematic investigation of the clinical and 

pathological features of AD has been widespread. Significant 

emotional and behavioral changes are also known to accompany 

the progression of AD, but have received far less empirical 

attention (Cummings & victoroff, 1990). 

psychiatric disturbances have been shown to affect 

emotional processing in several clinical populations. For 

example, patients with primary affective disorders have 

demonstrated negative biases on facial affect interpretation 

tasks, in addition to deficits on emotion-labeling tasks 

(Feinberg, Rifkin, Schaffer, & Walker, 1986). Impaired 

perception and recognition of facial affect have also been 

reported both in schizophrenic patients, and in normal 

subjects undergoing mescaline-induced experimental psychoses 

(Borod et al., 1989; Feinberg et al., 1986; Harrington, 

Oepen, & Spitzer, 1989). 

Behavioral and emotional disturbances associated 

with AD have also been shown to have far-reaching effects on 

the both the quality of patients' lives, and on the level of 

caregiver stress and burden (e.g. Deimling & Bass, 1986; 

zarit & Zarit, 1982). 
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The following discussion of emotional and behavioral 

deficits in AD is included both to describe the nature of 

mood disorders and psychotic features in this population, 

and to complete the present review of the primary features 

of AD. Of note, patients in the current study were screened 

for the presence of any primary psychiatric illness, 

although patients may have presented with subclinical neuro

psychiatric features. 

The following pages describe the most prevalent 

forms of emotional disturbances in AD: depressive syndromes, 

delusions and hallucinations, apathy, and agitation. 

Depression. 

As in the general population, the most common 

emotional disorder associated with AD is depression. The 

evaluation of depression in late life is complex, and the 

process by which a differential diagnosis of depression is 

made typically requires extensive gathering and sorting of 

clinical information (Kaszniak & Allender, 1985). Compound

ing the difficulty of this task is the assessment of 

depression in patients with progressive decline in cognitive 

functioning. Thus, a brief description of diagnostic cate

gories and related complications is needed as a pretext to 

addressing features of depression in AD patients. 

According to the revised third-edition of the 

Diagnostic and Statistical Manual (DSM-III-R), depressive 
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disorders are classified along a number of dimensions 

including symptom intensity, degree of chronicity, clinical 

course, and presence or absence of specific pathognomic 

features (e. g. sensory disturbances, environmental stres

sors, episodes of expansive mood, etc). For example, Major 

Depressive Disorder (MDD) is characterized by a combination 

of dysphoric mood and at least four neurovegetative signs 

which have persisted for a minimum 2 weeks' duration (e.g. 

appetite and/or sleep disturbance, fatigue, loss of energy, 

etc) . Anothe r depressive illness, Dysthymic Disorder, is 

distinguished from Major Depression in that 1) the severity 

or duration of depressive symptoms is not of sufficient 

severity to meet criteria for a major depressive episode, 

and 2) the symptoms have been present for at least 2 years' 

duration. Adjustment Disorder with Depressed Mood is diag-

nosed in patients where an incomplete depressive syndrome 

develops in the presence of an identifiable psychosocial 

stressor. Among patients with evidence of physical illness 

and concomitant dysphoria, a diagnosis of Organic Affective 

Illness is typically made. Syndromes more removed from the 

general focus of this paper will not be reviewed here, but 

include Bipolar Disorder and Cyclothymic Disorder. 

There exist several sources of diagnostic confusion 

with respect to the evaluation of depression in an older 

adult population. One such factor is that the expression of 
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various physical symptoms seen in the course of normal aging 

are markedly similar to--and at times indistinguishable 

from--features classified as vegetative signs of depression. 

These symptoms include sleep disturbances (particularly in

creased nighttime awakenings), fatigue, decreased appetite, 

somatic complaints, decreased activity, and social with

drawal. 

A second area of diagnostic confusion is in the 

degree of overlap between patients' perceived deterioration 

in cognitive functioning and clinical depression. That is, 

depression in the elderly is commonly masked by subjective 

complaints and/or documented impairment of cognitive decline 

that eventually resolves with therapeutic intervention 

(Cummings, 1989). Although the term "pseudodementia" has 

been popularly used to refer to the presence of reversible 

cognitive impairments caused by depression, considerable 

controversy has surfaced regarding the appropriateness of 

this label since 'true' cognitive dysfunction--though 

potentially reversible--can result from depression and since 

depression and dementia may also coexist in AD (Caine, 1986; 

Cummings, 1989; Stoudemire, Hill, Gulley, & Morris, 1989). 

Because of its misleading connotation, most experts in the 

field promote use of alternative terms, such as "dementia 

syndrome of depression" (Folstein and McHugh, 1978) or 

simply "depression-related cogni ti ve dysfunction" {Stoude-
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mire, et al., 1989) to describe cognitive deficits associ

ated with depression. 

Finally, symptoms associated with physical illnesses 

often add to the complexity of making a differential diag

nosis by virtue of their ability to convincingly mimic late

life depression as in Parkinson's disease and various 

metabolic diseases including hypothyroidism, anemia, and 

diabetes mellitus (Cohen, 1986). 

The differentiation of depression and dementia, 

whether biologically distinct or related entities, is not 

trivial. Depression is treatable and reversible. AD is 

intractable and progressive. Moreover, depression may 

exacerbate cognitive or behavioral disturbances in patients 

with primary degenerative dementia (Breen et al., 1984). 

Importantly, pharmacological treatment for depression in 

elderly patients with cognitive dysfunction have generally 

been effective (e.g. Reifler, Larson, Teri, & Poulsen, 

1986). 

To summarize, depression, normal aging, and certain 

physical illness share a number of common features, and it 

is this relatively high degree of symptom overlap that 

complicates the process of accurately assessing advanced-age 

depression. Of equal or greater complexi ty is the process 

of evaluating depression within a concomitant "true" demen

tia. Again, the degree of sign and symptom overlap between 
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the two disorders is significant, and complicates diagnostic 

certainty. The following paragraphs detail estimates of the 

prevalence of depression in AD, and provide information 

regarding neuropathologic correlates of depression in AD. 

Reports of the estimated prevalence of depressive 

disorders in AD have ranged from 0% to 88% (Cummings et al., 

1987; Merriam, et al., 1988), although most figures tend to 

cluster around 10% to 20%. Similarly, the frequency of 

depressed mood (not necessarily meeting criteria for 

depressive disorder) in patients with AD has ranged from 0% 

(Knesevich, Martin, Berg, & Danzinger, 1983; Cummings et 

al., 1987) to 86% (Merriam et al., 1988), with most falling 

between 40% and 50% (see review by Wragg and Jeste, 1985). 

To a great extent, a lack of methodological consistency has 

been responsible for the inconsistent information regarding 

the prevalence of depression in AD. Specifically, the 

variability in estimated prevalence rates of depression in 

AD have generally been attributed to 1) differences in 

sample size, 2) method of data collection (e.g. caregiver 

report vs. clinical evaluation), 3) variability of inclu

sion/exclusion criteria, and 4) differential application 

of diagnostic criteria for both dementia and depression. 

Moreover, a major source of diagnostic confusion is the 

expanse of symptom overlap between depression, dementia, 

and normal aging, as previously detailed (Kaszniak, 1990; 
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Kaszniak, Sadeh, & stern, 1986). Furthermore, shared 

neuropathologic and biochemical features exist between AD 

and depression, as well as between normal aging and depres

sion (McHugh and Folstein, 1979; Savard et aI, 1980). These 

features include deficiencies in biogenic amines, neuronal 

cell loss, and disruption of frontal system functioning. In 

all, most AD patients fail to fully meet DSM-III or DSM

III-R criteria for an Axis I mood disorder, however, the 

majority of patient and caregiver reports assent to a high 

frequency of symptoms related to dysphoric affect in AD 

patients. 

In terms of biological mechanisms, the etiology of 

depression in AD has been linked to a number of neuro

chemical and anatomical abnormalities including a deficiency 

of biogenic amines (McHugh & Folstein, 1979; Savard, Rey, & 

Post, 1980; Zubenko, Moossy, & Kopp, 1990), and pathological 

changes in the loci ceruliei, nucleus basalis of Meynert, 

and substantia nigra (Zubenko & Moossy, 1988). Deep whi te 

matter changes have been documented in radiographic studies 

of depressed patients with AD (Grady et al., 1990). Meta

bolic studies examining reBF have revealed temporoparietal 

perfusion deficits associated with AD, and greater degree of 

anterior hypometabolism in patients with MDD (Perlson et 

al., 1989). Finally, at least two longi tudinal investiga

tions of patients originally diagnosed with depression-
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related cognitive dysfunction found that most dementia of 

depression patients went on to develop frank dementia syn

dromes (Kral & Emery, 1989; Reding, Haycox, & Blass, 1985) 

suggesting a shared neural pathway for depression and AD in 

cognitively-impaired patients presenting with depressive 

signs and symptoms. 

Delusions and Hallucinations 

Alzheimer's original case report began with a 

description of a patient with prominent delusions and 

probable auditory hallucinations. Today it is widely held 

that delusions and hallucinations are frequent and conse

quential concomitants of diffuse degenerative dementia, 

although the topic of psychotic disturbances in AD has only 

begun to undergo systematic investigation. Considerable 

agreement exists regarding the clinical presentation (i.e. 

content and modality) of psychotic symptoms in AD patients. 

However, disagreement has emerged regarding the prevalence, 

staging of psychotic symptoms, and the relationship between 

such features and patients' level of cognitive functioning. 

As in the literature on depression in AD, variability in 

this data has been attributed to differences in subject 

selection, differential application of diagnostic criteria, 

and to variability of assessment methods. Further compli

cating epidemiological studies of psychotic symptoms in AD 

is the fact that perceptual disturbances, confusion, and 
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altered consciousness are common features of Delirium, a 

particularly common syndrome in hospitalized elderly 

patients. The extent to which investigators have adequately 

ruled out this differential at the time of study is often 

unclear, and may therefore affect the reliability and 

validity of results across studies. 

Delusions are defined by DSM-III-R as "false 

personal belief(s) based upon incorrect inference about 

external reality, and firmly sustained • in spi te of 

what constitutes incontrovertible and obvious proof or 

evidence to the contrary" (p. 395). In contrast, hallu

cinations are sensory disturbances that occur in the absence 

of an appropriate external stimuli and may be experienced 

through any sensory modality. The most common hallucina

tions occur through visual and auditory processing modes. 

Psychotic symptoms have been documented in 

approximately one third of all patients with AD. According 

to a comprehensive review of 21 studies examining depression 

and psychosis in AD, delusional preoccupations have been 

estimated to occur in approximately 33.5 % of AD patients 

(Wragg & Jeste, 1989). Most delusions in this population 

are based upon simple uncomplicated beliefs often associated 

with theft and infidelity. Within this same set of 21 

studies, the prevalence of hallucinations in AD ranged from 

21% to 49%, with higher percentages reported in hospitalized 
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patients. It is important, however, to underscore the 

authors' observation that the results of the latter studies 

(i.e. those with greater prevalence rates) may be spuriously 

high due to the possibility that some researchers may not 

have adequately ruled out a concomitant delirium. No sub-

stantive information was provided in this report regarding 

the modality in which patients' perceptual disturbances 

occurred. 

In a study of patients with post-mortem confirmation 

of AD, visual hallucinations were found to occur with 

greater frequency than auditory or olfactory hallucinations 

(47% vs. 33% and 27%, respectively). Overall, hallucina

tions and delusions seem to be most prominent during 

moderate to severe stages of the disease and are commonly 

associated with an accelerated rate of cognitive decline 

(Rosen & Zubenko, 1991i Drevets & Rubins, 1988). 

Little empirical evidence of microscopic and 

radiographic brain correlates of psychotic symptoms has been 

documented. A study by Breitner, Hussian, Gigiel, Krishnan, 

& Boyko (1990) found significant focal white matter disease 

in patients with psychotic symptoms, located primarily in 

temporoparietal and occipital areas of the brain. Jacoby 

and Levy (1980) found a highly significant inverse relation

ship between cerebral atrophy depicted on CT and the 

presence of paranoid delusions in 40 patients with clinical 
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diagnoses of senile dementia. According to these authors, 

the results indicate that "the capacity for paranoid 

ideation is incompatible with massive cortical atrophy" 

suggesting that some degree of cognitive integrity is needed 

to foster delusional ideation, and that delusions may repre

sent patients' attempts to 'make sense' of their thoughts 

and external events. This indicates that psychotic symptoms 

would be most prominent in early to moderate stages of the 

dementia, as has been suggested by Cummings and colleagues 

(Cummings et al., 1987). 

In what appears to be the most detailed theoretical 

explanation regarding structural bases of both simple and 

complex delusions, Cummings (1988) formulated the following 

pathophysiological model of delusions in organic brain 

disease. According to Cummings' theory, Complex delusion 

formation requires that CNS functions associated with 

linguistic and verbally-mediated conceptual abilities, as 

well as visuospatial, perceptual and affective functions, 

are reasonably intact. However, the disruption of con

nections between associational cortices mediating these 

functions and limbic system structures (which contain 

dopaminergic projections to the basal ganglia) are believed 

to produce abnormal emotional experiences. In patients with 

focal lesions, complex or intricate delusions purportedly 

arise from elaboration of altered emotional experiences by 
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the neurologically intact hemisphere. More over, lateralized 

cortical lesions may facilitate distinct psychiatric syn

dromes. Specifically, lesions of the right temporo-parieto 

cortex are believed to impair transmission of perceptual 

information to limbic structures, resulting in hallucina

tions and delusional ideation. Alternatively, focal lesions 

of the left temporal cortex may disturb limbic connections 

for verbally-mediated functions, facilitating the develop

ment of paranoid delusional syndromes often associated with 

left hemisphere lesions (e.g. Trimble & Cummings, 1981). In 

so-called cortical dementias such as AD, simple delusions 

would purportedly arise from both factors; that is, 1) a 

disruption of input to the limbic system, and 2) an impaired 

ability to appropriately elaborate upon the emotional 

content of external stimuli. Thus, Cummings concludes that 

delusions are primarily the product of limbic system 

dysfunction and concomitant disregulation of dopaminergic 

transmission. While seeming to provide a plausible expla

nation of delusions in patients with neuropathologic damage, 

empirical support for this theory is needed to more fully 

define its usefulness. 

Apathy and Agitation 

In the main, reports of personality changes in AD 

have been anecdotal, and only recently have concerted 

attempts been made to systematically quantify the frequency 



136 

and severity of persistent neuropsychiatric features. 

Several recurrent problems frustrate the task of reporting 

accurate prevalence rates of behavioral excesses and 

deficits in AD, including the methodological confounds 

described in previous sections of this paper (e. g. differ

ential application of diagnostic criteria and assessment 

measures) • Moreover, a good number of available studies 

omit, or only vaguely describe, the operational definitions 

used to identify problem behaviors, making the comparison of 

results across studies difficult. 

Regarding apathetic behaviors, cummings (1987) 

identified indifference as "the most frequent personality 

change" observed in AD. Other authors have similarly 

referred to apathy or abulia as a "cardinal" feature of the 

disease (e.g. Van Gorp 1989; Rubin, Morris, & Berg, 1987). 

Teri, Borson, Kiyak, & Yamagishi (1989) found that loss of 

interest in activity and "underactive" behavior occurred in 

43% and 32% of patients, respectively, in their study of 

behavioral problems in 56 mild to moderately-impaired 

probable AD patients. Based upon a factor analysis of 

personality items from the Blessed Dementia Scale and from 

open-ended questions asked of collateral sources, Rubin, 

Morris, Storandt, & Berg (1987a) found passive symptoms to 

be most common in their longitudinal study of 44 mildly

impaired probable AD patients (66%). The progression of 
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personality changes was assessed in this same group of 

patients over a four-year follow-up period (Rubin, Morris, 

Storandt, & Berg, 1987b). Twenty-four of the original 44 

subjects participated in the longitudinal study, and the 

prevalence of passive behaviors was found to increase from 

71% to 81%. 

At the opposite end of the spectrum, agitation is 

known to create severe behavior management problems in 

addition to exacerbation of patient distress and escalation 

of safety risks. Patients who exhibit agitated behavior are 

typically treated with pharmacological agents that may, 

themselves, increase personal health risks, including ortho

static hypotension, extrapyramidal symptoms, and increased 

incidence of falls and hip fractures (e.g. Taft & Barkin, 

1990; Wragg & Jeste, 1989). Among patients with progressive 

dementia, agitated behavior is often the basis upon which 

decisions regarding institutionalization are made (Cohen

Mansfield, 1986b), underscoring the importance of under

standing these behaviors and forwarding safe and effective 

therapeutic interventions. 

In an attempt to empirically study agitated 

behaviors in the elderly, Cohen-Mansfield & Billing (1986a) 

defined agitation as "inappropriate verbal, vocal, or motor 

activity that is not explained by needs or confusion (empha

sis added, p. 712). Behaviors falling within the boundaries 
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of this definition include repetitive nonpurposefu1 move

ment, wandering, verbal and physical aggression, and pacing. 

Among 66 "cognitive1y deteriorated" nursing home residents, 

48 (73%) showed at least one agitated behavior repeatedly 

per day, independent of patients' level of cognitive 

impa i rmen t. A high incidence of agi tated behaviors (48%) 

was similarly documented in a controlled study of 33 

probable AD patients conducted by Reisberg et al. (1987). 

Finally, in a retrospective analysis of data 

collected from a multi-center program, Cooper, Mungas, & 

Weiler (1990) found the frequency of anger/agitation in 

patients with severe cognitive impairment to be nearly twice 

that of patients with mild levels of impairment (11.9% vs. 

37.7%). A similar pattern has been documented in similar 

investigations (e.g. Rubin, Morris, & Berg, 1987; Teri, 

Larson, & Reifler, 1988), although conflicting results have 

also been reported indicating the lack of a reliable rela

tionship between agitation and cognitive integrity (Cohen

Mansfield, 1986b; Teri, Borson, Kiyak, & Yamagishi, 1989). 

Unfortunately, insight into the biological mecha

nisms associated with apathy and agitation in AD has been 

slight and the amount of empirical evidence supporting 

hypothesized relationships minimal. Since this is not a 

focus of the present study, theoretical models associated 

with behavioral deficits will not be reviewed here. 
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In conclusion, behavioral and emotional features of 

AD are common, but continue to be less well-understood due 

to the primary emphasis in the literature on investigations 

of neuropathological changes, memory, language, and intel

lectual decline. Future research efforts are needed to 

address the broader individual and social costs associated 

with depression, psychotic features, agitation, and apathy 

in AD. 
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APPENDIX B 

Bruce and Young's (1986) Functional Model of Face Recognition 

Expression 
Analysis 

Facial 
Speech 
Analysis 

Ip--+I View-centered 
descriptions 

Expresslon
Independent 
descriptions 

Structural 
Encoding 

From: "Understanding face recognition" by V. Bruce & A. Young, 
(1986). British Journal of psychiatry, 77, p. 312. 
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APPENDIX C 

sample of Face and Affect Discrimination stimuli 

Happiness 

Sadness 

From: "Pictures of Facial Affect" by P. Ekman and W. V. 
Friesen, (1975). Palo Alto, CA: Consulting Psychologists Press 
Inc. 
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APPENDIX D 

situational Affect stimuli and Descriptive Cues 

Experimenter: "This woman is holding flowers, leaning over a 
gravestone in a cemetary." 

Experimenter: "This man is holding a large piece of wood. 
He's pushing the woman back and is about to 
to strike her." 
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Experimenter: "This is a party with balloons in the air and a 
present on the woman's lap. This woman has 
just come through the door." 

Experimenter: "This is a bride and groom who've just been 
married. They're cutting the cake at their 
wedding reception." 
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Experimenter: "This is a woman typing. She appears to be at 
work in an office." 

Experimenter: "This woman is serving some type of food, and 
there are roaches crawling on the food." 



Experimenter: "This man is sneaking into the woman's room 
carrying an ax or weapon. She has her arm 
raised to try to protect herself." 

145 

Experimenter: "This man is changing the baby's dirty diaper. 
His head is turned away and he's holding the 
soiled diaper away from him at arm's length." 



Experimenter: "The wind suddenly blew this man's toupee 
off his head. His arms are raised and he's 
trying to catch it." 

146 

Experimenter: "This man has won a big trophy for some type of 
competititive event." 
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Experimenter: "This man is holding up a protest sign at a 
demonstration. His hand is clenched and he's 
shaking his fist in the air." 

Experimenter: "These are two businessmen seated together at 
work. They appear to be discussing some type 
of paperwork." 
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Experimenter: "These two men are fighting. This man is holding 
a knife and is about to strike the other man." 

Experimenter: "This woman or girl appears to be very sick, and 
is lying in a hospital bed. The man is bent 
over in his chair with his head in his hands." 
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