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•ABSTRACT 

Theory of mind has seldom been studied in normal elders (NE) or people with aphasia 

(APH), and has never been studied in people with Alzheimer Disease (AD). This study, 

based on Miller (2001), investigated false belief attribution in 10 APH, 10 AD, and 10 

NE subjects. Three conditions of the false belief task varied syntactically to probe for an 

interaction between linguistic demand and false belief performance. Relative to normal 

elders, AD subjects showed impairment in false belief attribution (p < 0.001); APH 

subjects did not (p = l.O). There was no effect of linguistic demand for any group. 

Potential confounding variables (e.g. immediate memory) were nonsignificant. The data 

suggest a possible nonlinear relationship between false belief attribution and measures of 

dementia severity and frontal lobe function. The results also suggest methods for 

comparing theories of theory of mind in future research. 
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An Exploratory Study of Theory of Mind in Aphasia, Alzheimer Disease 
and Normal Aging 

I. INTRODUCTION 

In the extensive literature on theory of mind (also called folk psychology, 

philosophy of mind, or mentalizing), most definitions are similar to that of Sarfati, 

Passerieux, and Hardy-Bayle (2000): "the human cognitive function which allows an 

individual to...attribute relevant mental states to others, i.e. desires, intentions or beliefs" 

(p. 246). Some authors add that this knowledge of others' mental states is used to predict 

or explain their actions (Bjorklund, 1995). For example, recall the scene from the movie 

The Princess Bride in which the Sicilian tries to determine which wine goblet the hero 

poisoned by speculating on the hero's knowledge and personality. Mentalizing also 

underlies more everyday decisions about how much to trust or cooperate with another 

(Cheney & Seyfarth, 1990). 

Theories and research on mentalizing have proliferated in recent decades, 

beginning with Premack and WoodrufTs landmark (1978) paper on chimpanzees. 

Though the subject had been considered before, Premack and Woodruffs experiment 

sparked new interest. Only the three or four most recent theoretical approaches will be 

mentioned here (see Goldman (2001) for a thorough review of these and older theories). 

Rationality theory (also called charity theory, the intentional stance, or 

interpretivism) holds that we interpret others' actions by assuming that others are logical, 

rational, and generally tell the truth (Davidson, 1984; Dennett. 1987). It has received little 

empirical support. Theory-theory postulates that attributors use folk-psychological "laws" 

or "theories" to make inferences about others' mental states - that is, that attributors take 
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what relevant information they know about the target and the situation, and invoke laws 

to predict the decision the target will make, the belief or desire the target will have, etc. 

On the question of how theory of mind develops, theory theorists are split into two main 

camps. The child-scientist advocates believe that children arrive at an adult-like theory of 

mind through a process of data collection and theory revision somewhat similar to that of 

adult scientists (Meltzoff, 1999). Modularists, on the other hand, envision an innate 

mental module, specific to theory of mind and with a specific mattiration schedule 

(Leslie, 1994). Finally, simulationists propose that, rather than using "laws" or "theories" 

to attribute mental states to another, we internally simulate what it would be like to be 

that other (Goldman, 1989). 

On the empirical side, research with various primates has continued apace 

(Povinelli, 1993; Povinelli & Eddy, 1996; Povinelli, Nelson, & Boysen, 1990; Povinelli, 

Parks, & Novak. 1991; Povinelli & Preuss, 1995; Povinelli, Rulf, & Bierschwale, 1994; 

Cheney & Seyfarth. 1990). but humans have become the primary focus. One of the tools 

most commonly used to investigate theory of mind is the false belief task (Wimmer & 

Pemer, 1983). In this task, the child and a puppet observe a piece of candy being put in 

one location. The puppet then leaves the room, the candy is moved, and the child is asked 

where the puppet thinks the candy is. The child is thus required to appreciate that the 

puppet's belief differs fk)m what the child knows to be true. Giildren are not generally 

able to give the correct ans^ver until around age 4. Child-scientist theorists thus often 

argue that theory of mind matures to its adult-like form at around that time (e.g., Hughes 

et al.. 2000; Templeton & Wilcox. 2000) or slightly earlier (Ritblatt, 2000; Sullivan & 
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Winner, 1991). Templeton and Wilcox, for example, describe a change between the ages 

of 3 and 6 years: "the child gains an ability to simultaneously consider more than one 

mental representation and an appreciation that those mental representations form the 

basis of a person's beliefs about the world" (p. 405). As with all skills, there is a 

distinction between competence and performance. Particularly when children's theory of 

mind skills are just emerging, their performance can be altered by a variety of factors 

such as the pragmatics of interaction with the experimenter (Bowler, Briskman, & Grice, 

1999; Freeman, Lewis, & Doherty. 1991) or the linguistic complexity of the stimuli 

(Lewis & Osborne, 1990). Lewis and Osborne argue that stimulus questions made 

"temporally specific and syntactically straightforward enable most 3-year-olds to 

attribute false beliefs to others" - i.e.. that three-year-olds' true competence is greater 

than their usual performance. 

Others argue that the fundamentals, and perhaps even a quasi-mature form, of 

mentalizing skills appear much earlier even than that. For instance, children show some 

awareness of intentionality as early as six months (Woodward, 1998); the ability to relate 

single actions to broader goals at 12 months (Woodward & Sommerville, 2000); first, 

second, and third personal pronoun use correlated with visual perspective-taking skills 

between ages l;10 and 2;6 (Ricard. Girouard, & Decarie, 1999); and during the second 

year of life, pretense (Leslie. 1987. 1994; though for a dissenting view, see Nichols &. 

Stich, 2000) and the ability to give information suited to the listener's prior knowledge 

(O'Neill (1996). cited in Bloom & German. (2000)). Normal children's developing theory 

of mind skills correlate with age and intelligence (Buitelaar. van der Wees, Swaab-
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Bameveld, & van der Gaag, 1999; Yirmiya, Solomonica-Levi, Shulman, & Pilowsky, 

1996), memory and representational development (Buitelaar et al., 1999; Templeton & 

Wilcox, 2000), socioeconomic status (Cutting & Dunn, 1999), and linguistic skill 

(Astington & Jenkins, 1999; Capps, Losh, & Thurber, 2000; Doherty, 2000; Miller, 2001; 

Ricard et al., 1999). 

Through imaging studies of normal adults and a few behavioral studies of adults 

with brain damage, several areas of the brain important to theory of mind have been 

identified. A rough consensus is that theory of mind abilities are centered in the fi-ontal 

lobes (Stuss, Gallup, & Alexander, 2001; Baron-Cohen et al., 1994; Brunet, Sarfati. 

Hardy-Bayle, & Decety, 2000; Gallagher et al., 2000; Goel, Grafman, Sadato, & Hallett, 

1995; Fletcher et al., 1995; Stone, Baron-Cohen, & Knight, 1998). There may also be 

involvement of the temporal lobes (Bnmet et al., 2000; Fletcher et al., 1995). Charmon 

and Crawford (2000) found that "left anterior" lesions led to decreased performance on a 

theory of mind task, though they did not find a clear difference between fi-ontal and 

nonfirontal anterior lesions. 

If these areas are affected by developmental delay, psychiatric or degenerative 

disorder, or neurological insult, then impairment or alteration of theory of mind skills 

may result. Populations in which this possibility has been investigated include individuals 

with autism (Baron-Cohen. Jolliffe. Mortimore. & Robertson, 1997; Baron-Cohen et al., 

1994; Happe, 1993. 1994; Sparrevohn & Howie, 1995; and numerous others); people 

with mental retardation of various etiologies (Gamer, Callias, & Turk. 1999; Yirmiya et 

al.. 1996); children with Williams Syndrome (Tager-Flusberg & Sullivan, 2000); children 
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with specific language impairment (Miller, 2001); children with conduct disorder (Happe 

& Frith, 1996); schizophrenic adults (Abu-Akel & Bailey, 2000; Sarfati et al., 2000); 

survivors of left- and right-hemisphere strokes (Happe, Brownell, & Winner, 1999; 

Siegai, Carrington, & Radel, 1996; Winner, Brownell. Happe, Blum, & Pincus, 1998); 

and a single case of aphasia not caused by stroke (Variey & Siegai, 2000). These studies 

have found that performance on theory of mind tasks may be impaired in several ways. 

Children with developmental disorders tend unsurprisingly to have underdeveloped 

theory of mind skills, which may stem from a conceptual deficit (e.g. not understanding 

that others have minds (Leslie & Frith, 1988), or from inability to apply the knowledge 

they have (Russell, Saltmarsh, & Hill, 1999). Adults with schizophrenia may show 

similar patterns, or they may exhibit a "hyper-theory of mind" in which they have 

knowledge of mental states but apply it inappropriately (Abu-Akel & Bailey, 2000). 

Survivors of right-hemisphere strokes tend to show a diminished theory of mind, often 

leading to difficulty understanding discourse (Happe et al., 1999; Siegai et al., 1996; 

Winner etal., 1998). 

Two populations in which theory of mind abilities have not been well studied are 

people with aphasia following left hemisphere stroke and people with Alzheimer 

Disease.' The few studies of theory of mind after stroke have focused primarily on 

'• A third population whose members might be expected to show mentalizing impairments 
is survivors of traumatic brain injury (TBI). There appears to be no literature directly 
addressing the topic, though Eslinger (1998) did discuss "empathy" deficits in this 
population, particularly in patients with prefrontal damage. The present study did not 
include TBI survivors. 
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survivors of right hemisphere stroke. Some have used people with aphasia as a control 

group. 

Siegal et al. (1996) compared right-hemisphere stroke survivors (right hemisphere 

damage, RHD) and left-hemisphere stroke survivors (LHD) on theory of mind tasks. The 

LHD group excluded those who "had receptive aphasia or severe expressive aphasia that 

precluded coherent speech," so this paper did not attempt to address theory of mind in 

aphasia. The authors found that the RHD, but not LHD, subjects, "[had] difficulties 

similar to those of young children in understanding the conversational implications of test 

questions. Most reported that a central story character would look for a pet in the place 

where it was really located instead of where the character believed it was located." 

However, additional pragmatic support ("removal of the need to infer the questioner's 

meaning") enabled the RHD group to answer correctly, leading Siegal et al. to conclude 

that it was the pragmatic demands of the task which led to the RHD group's difficulty. 

They stated that "emotional information is often not directly conveyed but is dependent 

on inferences...Problems with affect may have prompted some RHD subjects to answer 

incorrectly because they suspected that such simple tasks would contain trick questions" 

(p. 48). 

Winner and colleagues (1998) compared RHD and normal subjects' ability to 

infer first- and second-order mental states ("What does John think?" vs. "What does 

Mary think John thinks?") and to understand the intention of ironic jokes and lies. They 

found that RHD subjects performed significantly worse than normal controls on a 

second-order belief task and when attempting to distinguish lies from jokes. They 
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concluded that RHD patients' deficits in second-order belief attribution were partially 

responsible for their well-known difficulty in discourse comprehension, but that "the 

underlying impairment is not restricted to right hemisphere dysfunction." 

Happe et al. (1999) examined comprehension of stories and cartoons requiring 

attribution of mental states versus non-mental control materials in patients with right 

hemisphere stroke, normal controls, and a small group of left hemisphere stroke survivors 

with Broca's aphasia, for whom the tasks were modified to reduce language demands. 

The theory of mind stories involved double bluffs, mistakes, persuasion, and white lies. 

In the other stories, the characters' mental states were irrelevant. Subjects with left 

hemisphere damage (LHD) had no greater difficulty with theory-of-mind stories than 

with nonmentalizing ones, suggesting that "acquired damage to the left hemisphere does 

not necessarily impair the ability to attribute mental states" (p. 228-229). None of these 

subjects' lesions extended into the frontal areas implicated for theory of mind 

performance. 

The single study focusing on theory of mind in aphasia is a report by Varley and 

Siegal (2000) of a man who became suddenly aphasic following a subdural empyema 

(focal bacterial infection) in the lefl sylvian fissure, with accompanying meningitis. He 

was left with severe apraxia and aphasia, but unimpaired executive function. Despite an 

apparent inability to formulate propositions in speech or writing, make grammaticality 

judgments, match sentences to pictures, or identify verb meanings, he was able "to 

entertain and act upon propositions about the mental and physical world" (p. 725), 
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performing well in several language-simplified, first-order theory of mind tasks. The 

authors concluded that in mature individuals, cognition and grammar are independent. 

There are no studies explicitly addressing theory of mind in people with 

Alzheimer Disease (AD). The well-known executive deficits associated with AD 

(American Psychiatric Association, 1994) are consonant with deterioration of the frontal 

lobes (Van Hoesen, Parvizi, & Chu, 2000), which are thought to be vital to theory of 

mind skills as discussed above. Language is known to deteriorate over the course of the 

disease (Bayles, Tomoeda, Cruz, & Mahendra, 2000; Bayles, Tomoeda, & Cruz, 1999; 

Bayles. Tomoeda, & Trosset, 1992; Tomoeda & Bayles, 1993), but it is unknown how 

this may affect theory of mind. Bara, Bucciarelli, and Geminiani (2000) found the 

performance of subjects with AD to be impaired on tasks involving irony and deceit, 

which are uses of language with a strong mentalizing component. Thus, there are hints 

but as yet no direct evidence that language impairment may interact with theory of mind 

in people with AD. 

It is clear that people with aphasia and people with Alzheimer Disease have much 

to contribute to the study of theory of mind. Both conditions present opportunities to 

explore the relationship between language and a specific aspect of cognition in adult 

brains. Though linguistic skill and theory of mind competence are linked in the 

developmental stages as discussed above, it has been shown that in adult left hemisphere 

stroke survivors, established theory of mind may remain essentially unimpaired (at least 

in simple tasks) even in the presence of a severe language deficit (Varley & Siegal, 

2000). On the other hand, a link between language and theory of mind in Alzheimer 
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Disease seems plausible but is not confirmed, and its potential nature is unknown. 

Perhaps linguistic skill and theory of mind competence are entirely dissociated in older 

adults, or they may interact. Receptive linguistic skill is decreased in adults with 

Alzheimer disease (Tomoeda, Bayles, Boone, Kaszniak, & Slauson, 1990). The demands 

of understanding the task may thus limit these adults' theory of mind performance, or, as 

Sarfati and colleagues (2000) found in one of the few treatment-oriented studies of theory 

of mind, language may scaffold and support theory of mind. Presenting people with 

aphasia or Alzheimer Disease with theory of mind tasks, while varying the tasks' 

linguistic demands, seemed therefore to be a promising area of research. 

Miller (2001) studied linguistic demand effects on theory of mind performance in 

children with specific language impairment (SLl) and two control groups (one age-

matched, the other matched for linguistic skill). She used a version of the standard 

change-of-location false belief task, varying the form of the question about the 

character's inaccurate belief The standard question is "Where does X think Y is?", where 

X has only outdated information about the location of Y. Because this form of the 

question (the "think" condition) contains an embedded complement, it may be relatively 

difficult to process for individuals with language disorders. Miller therefore compared 

this standard question with two simplified versions: "Where will X look for Y?" and, 

after giving the child the puppet X who has the false belief, asking the child to "show me 

what he'll do/Show me what happens." The "look" condition had no embedded 

complement and so presented a lesser linguistic demand. It may also have been 

conceptually easier, as it asked about a behavior rather than a mental state. The "show" 
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condition, according to Miller, had the least linguistic demand of the three, though it is 

worth noting that it presented executive and pragmatic demands that the other two did not 

(maintaining attention to the topic of the puppet/toy interaction without an explicit cue in 

the stimulus question to do so, and realizing that the experimenter wanted to know what 

the puppet would do about the toy rather than, for instance, showing the puppet starting a 

new unrelated game). Miller also introduced a fourth condition, "pretend," to investigate 

the possibility of a reality bias among her subjects - that is, a preference for giving the 

"real" answer about a location despite knowledge of the puppet's false belief She 

reasoned that having the child and puppet pretend, so that the puppet forms a belief about 

a pretense, might help the child overcome any such bias. The child was therefore told that 

the puppet liked to pretend an object was, for example, a drum. After the child and 

puppet played with the "drum," the puppet left the room and the pretense was changed. 

The stimulus question for this condition was "What does X think we're pretending Y 

is?", a syntactically complex construction containing two embedded complements. 

Miller found a difference between the children with SLI and the control groups. 

The age-matched controls performed near ceiling levels under all conditions and thus 

were not affected by varying linguistic demand. The other control group, matched for 

language comprehension, was too young to perform the false belief task at all and thus 

was also not affected by varying linguistic demand. The false belief performance of 

children with SLI, on the other hand, was affected by the linguistic demands of the 

various conditions. On the linguistically difficult tasks (the "think" and "pretend" 

conditions), the SLI group performed like the younger language-matched controls. 
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whereas the easier "look" and "show" conditions allowed them to perform comparably to 

the age-matched controls. Miller concluded that for the children with SLI, performance 

was affected, though not completely determined, by linguistic skill. 

Bloom and German (2000), in a discussion of the demands of the false-belief task, 

pointed out that to answer the false belief question correctly, the subject must appreciate 

that the character with the false belief could not have observed the change of location, 

and therefore could not know about it. Miller attempted to investigate this possibility by 

asking two further questions of her subjects: a perceptual access question ("Did [puppet] 

see us move the [toy]?") and a knowledge attribution question ("Does [puppet] know we 

moved the [toy]?"). Her data on this point were unclear (C. A. Miller, personal 

communication, December 2000), and the question remains open. 

Parco and others (2001) have contended that decision-making (for instance, 

deciding what belief another person holds) may be influenced by the context of the 

decision, specifically whether it concerns a real or hypothetical situation. Both the 

standard false belief task and Miller's variants involve an element of the hypothetical (or 

"pretend"), since they use puppets who "speak" and are treated as "seeing" and 

"thinking." This study modified the paradigm so that the non-pretend conditions involved 

an actual person forming a real false belief. There was consequently no component of 

pretense. Subjects" responses were decisions about a real situation, one more 

pragmatically appropriate to elders than playing with a puppet. 

This investigation replicated Miller's work with three groups: adults with aphasia 

following a left hemisphere stroke (APH), adults with Alzheimer Disease (AD), and 
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normal healthy elders (NE). There is a paucity of data on theory of mind in normal eiders, 

as most prior studies of theory of mind in normal adults have been for the purpose of 

establishing neurophysiological correlates, not tracking potential changes in theory of 

mind across the lifespan. The one study which has addressed theory of mind in aging 

(Saltzman, Strauss, Hunter, & Archibald, 2000) found that elders were "relatively 

unimpaired" compared to younger subjects. Thus the normal elder group was expected to 

perform near ceiling across all conditions. It was hypothesized that subjects with aphasia 

would perform similarly to normal elders, possibly with an effect of linguistic demand. 

The group with Alzheimer Disease was expected to show a deficit in theory of 

mind skills. The once-prevalent view that syntax is spared in AD has been challenged in 

recent years (Bates, Harris, Marchman, & Wulfeck, 1995; Tomoeda et al., 1990). 

However, syntactic impairment in AD appears to be mild in the early stages (Bickel, 

Pantel, Eysenbach, & Schroder, 2000). It was thus hypothesized that the inclusion of an 

embedded complement in the more linguistically difficult conditions would not be 

enough to adversely affect AD subjects' performance. Hughes and colleagues (2000) 

found good test-retest reliability for first-order theory-of-mind tasks across a range of 

abilities, but Knotek, Bayles, & Kaszniak (1990) found inconsistent performance in mild-

moderate Alzheimer Disease subjects on other tasks. Thus it was also hypothesized that 

the Alzheimer group's performance would be more variable than that of the other two 

groups. 

The experimental conditions inherently vary receptive linguistic demand, but 

subjects" own receptive abilities varied as well. Therefore, subjects in the AD and APH 
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groups were given a measure of auditory comprehension from the Western Aphasia 

Battery (WAB; Kertesz, 1982) to investigate the relationship between ability, demand, 

and performance. Normal elderly subjects were not given this test, as they would have 

performed near ceiling levels. 

Studies of developing theory of mind have shown an interaction with intelligence 

(Yirmiya et al., 1996; Buitelaar et al., 1999). In an older population with lifelong, firmly 

established theory of mind skills, an effect of intelligence would not be expected for a 

simple false-belief task such as the one used in this study. However, to address the 

possibility that intelligence may play a role for individuals not in the general population 

(i.e.. those with aphasia or Alzheimer Disease), subjects' intelligence was estimated using 

Barona et al.'s (1984) demographic regression equation. Though there were slightly more 

accurate procedures available (Hoofien, Vakil, & Gilboa, 2000; Snitz, Bieliauskas. 

Crossland. Basso, & Roper. 2000), all would have involved additional testing lengthy 

enough to fatigue many elderly subjects. 
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n. METHODS 

Participants 

The groups (APH, AD, NE) each comprised 10 people. Inclusion criteria were 

adequate auditory comprehension with aided hearing; at least 8 years of education; native 

speaker of English; no history (by personal or caregiver report) of developmental or 

learning disability, drug or alcohol dependence, traumatic brain injury, or other 

neurologic or psychiatric disorder; no more than mildly depressed; no dementia (for the 

NE and APH groups) or mild to mild-moderate dementia (for the AD group). 

To meet the auditory comprehension criterion, all subjects had to score at least 

13/18 on the Speech Discrimination Screening Task of the Arizona Battery for 

Communication Disorders of Dementia (ABCD; Bayles & Tomoeda, 1993). Those in the 

AD and APH groups also needed WAB scores within the past year of 30/60 or better on 

the yes/no question subtest and 40/80 or better on the sequential commands subtest. 

These relatively low cutoff scores were used to obtain subjects with a range of auditory 

comprehension abilities, so that the effect of auditory comprehension on false belief task 

performance could be assessed. Only one potential subject (in the AD group) was 

e.xcluded by this requirement. For each subject, the two subtest scores were added to 

produce a "WAB sum" score with a possible maximum of 140. Members of the APH 

g r o u p  a v e r a g e d  a  s c o r e  o f  1 1 9 . 7  ( S D  =  1 6 . 4 5 ) ,  a n d  t h e  A D  g r o u p  a v e r a g e d  1 2 5 . 8  ( S D  =  

10.81). This difference was not significant [r(17) = 0.939, p = 0.361]. 

Depression was assessed using the Hamilton Rating Scale (Hamilton, 1967) or 

Hamilton Rating Scale - Caregiver Report, which is highly correlated with the self-report 
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scale (Bayles, Tomoeda, Cruz, & Wood, 1998). Subjects with scores of 25 or less were 

accepted. This liberal criterion was used because it was assumed that mild depression 

would not impair subjects' ability to answer questions which can generally be answered 

correctly by four-year-old children. Allowing subjects to vary in level of depression 

permitted this assumption to be checked. Only three subjects scored higher than the 

normal cutoff of 12, two in the AD group and one in the APH group. 

The Mental Status subtest of the ABCD was used to screen for dementia. 

Members of the NE and APH groups needed scores consistent with the absence of 

dementia (raw score of 12), and those in the AD group needed scores suggestive of mild 

to mild-moderate Alzheimer Disease (raw score of 6). 

Subjects in the Alzheimer Disease group (AD) additionally had a medical 

diagnosis of probable Alzheimer Disease, and no history of stroke. 

Subjects in the aphasic group (APH) had stroke-induced lesions confined to the 

left hemisphere and not extending into prefrontal corte.x, where possible documented by 

records of CT or MRl scan. Their time post-stroke ranged from seven months to 14 years 

(M = 5.87 years, SD = 4.76). Six subjects had anomic aphasia, three had conduction 

aphasia, and one had Broca's aphasia. Their mean WAB Aphasia Quotient was 77.28 

(SD= 17.3). 

Subjects in the normal elders group had no history of stroke. 

No age criterion was established for admission, because there is no theoretical 

reason why age alone should cause mentalizing skills to change in adults. The subjects in 

the Aphasia group (mean age = 66.3 years, SD = 11.7) were borderline-significantly 
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younger than those in the Alzheimer Disease group (A/ = 80.1,5D = 9.5) and the Normal 

Elder group (M = 81.7, = 8.1) [F(2,27) = 7.357,p = 0.003].' 

Design and Materials 

The design of the study approximated that of Miller (2001), with the alterations 

described below. The THINK ("Where does X think Y is?") and LOOK ("Where will X 

look for Y first?") conditions were similar to Miller's tasks, except that a human being 

(not the experimenter) took the place of the puppet, and everyday objects were used in 

place of toys. In these change of location tasks, the subject and second person were 

shown an everyday object such as a set of keys, and shown that the experimenter was 

putting it in a particular place - her purse, for instance. (See the Appendix for a complete 

list of objects and locations and a more detailed script.) The second person was then 

asked to leave the room. The experimenter stated that she was going to move the object 

to another location, and did so. During the first trial, subjects were explicitly told that the 

objects and initial and subsequent locations changed for each person. Thus they were 

reassured that the Assistant truly did not know, once she left the room, where the object 

would be moved. Before this fact was revealed, many normal elders displayed a theory of 

mind more advanced than that required to pass the given task, through remarks such as, 

"Well, she's been helping you for awhile now, of course she knows where it is." 

" The criterion for statistical significance for this study was p < 0.0026; see Statistical 
Analysis. Age was not normally distributed, but a nonparametric Kniskal-Wallis test 
supported the results of the ANOVA. Post-hoc testing on the ANOVA indicated that the 
APH group was younger than the other two. with borderline significance: Tukey HSD, 
APH vs. AD. p < 0.011. APH vs. NE. p < 0.005. 
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The PRETEND condition varied from Miller's task. She used it to investigate a 

possible reality bias in young children, but the situation she set up required that her false 

belief test question have rather complex syntax - an embedded complement within an 

embedded complement. This condition, arguably the most linguistically complex of the 

four, may have confounded the effects of linguistic demand and reality bias. Having 

elderly adults play with a puppet pretending about objects also seemed pragmatically 

questionable. Thus, a series of clearly "pretend" stories were used instead. The stories set 

up one character to have a false belief, about which the subject was questioned. The 

syntax of the test question was simpler, identical to the THINK condition. (For the stories 

with their false belief and memory control questions, see the Appendix.) The task was 

still used to probe a possible reality bias, but was no longer complicated by having the 

most syntactically complex test question. This design also permitted a more clear 

distinction between "pretend" and non-pretend, or hypothetical and real, conditions than 

Miller's tasks, for the reasons discussed above. Although the stories were short, 

remembering them would have presented a greater memory load than the other tasks. 

Simple line drawings narrating the story (black and white, with the salient object colored) 

were therefore used as memory support, and subjects were allowed to see the pictures 

while answering the questions. 

Miller's SHOW condition was eliminated in this study. Her purpose in including it 

was that it "presumably [had] minimal linguistic demands relative to the other 

conditions" (p. 77). Her point is well taken regarding expressive demand, but since all 

conditions in this study were designed to require no more than pointing, the SHOW 
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condition would have been redundant in that respect. Receptive demand, on the other 

hand, may actually have been rather high because the language of the question ("Show 

me what happens next") leaves the subject to infer what the experimenter wants to know. 

For instance, showing the Assistant simply coming in and sitting down could have been a 

reasonable response. Errors on this condition therefore could have been due to a simple 

mistaken inference rather than to a deficit in theory of mind, and so it was not used. 

For each trial in all three conditions, the subject was asked five questions: false 

belief (FB), two memory controls (MC-1, MC-2), perceptual access (PA), and knowledge 

attribution (KA); see below. Cassidy (1993) found that there was no effect of order for 

the memory questions versus the false belief question. However, to guard against the 

possibility, the five questions' order was randomized across subjects and trials, with the 

exception that the two memory control questions always occurred together in the same 

order. To minimize receptive language demand as far as possible, questions were 

accompanied by gestures and repeated or written down as necessary. For all questions, 

any clear indication of the answer was accepted: a spoken response, pointing, pointing to 

the equivalent location on the self (if the location in question was one of the 

experimenter's pockets), or an unambiguously long eye gaze (I second or more). 

Table 1. Questions asked for each false belief trial. 
False belief: Where does [Assistant or story character] think the [object] is? 

(THINK, PRETEND) 
Where will [Assistant] look for the [object] first? (LOOK) 

Memory control I: Where is the [object] now? 
Memory control 2: Where was it right before that? 
Perceptual access: Did [Assistant] see me move the [object]? 
Knowledge attribution: Does [Assistant] know I moved the [object]? 
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The false belief question's syntax for the LOOK condition varied from Miller's 

"Where will X look for the [object]?" This amendment was made to address Siegal et 

al.'s (1996) point (also demonstrated in a few of this study's pilot sessions; see also 

Lewis & Osborne, 1990) that subjects may interpret "Where will X look?" to mean 

"Where will X have to look in order to find Y?" and consequently give the "true" answer 

rather than X's false belief 

The memory controls also differed. The present format and invariant ordering 

were adopted, as opposed to Miller's "Where was it in the beginning? Where is it now?", 

because pilot subjects tended to try to remember back to the beginning of the testing 

session rather than simply the beginning of the trial. The invariant ordering of these two 

questions is unlikely to have affected the results (C.A. Miller, personal communication, 

December 2000). 

An addition was made to Miller's procedures, to explore subjects' ability to 

express theory of mind abilities in a more complex manner than answering simple two-

choice questions. After the first non-PRETEND (i.e.. THINK or LOOK) trial, when the subject 

had answered the questions and the Assistant had returned to the testing room, the 

experimenter asked the Assistant to find whichever object the trial had involved. The 

Assistant looked in the object's initial location (where the subject should have predicted 

she would look) and appeared surprised or confiised not to find the object there. The 

experimenter then asked the subject. "Why does she look surprised/confused?" The 

response was recorded and scored in two different ways. The more conservative criterion 

was the inclusion of a mental state verb such as "thought, expected, knew." The more 
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liberal scoring was based on whether the response implied the use of theory of mind or 

reference to a mental state, even if such a reference was not explicit. Both systems 

required the answer to be plausible by the experimenter's judgment. An irrelevant or 

inaccurate answer which nonetheless contained an explicit or implicit reference to a 

mental state did not receive credit. See Results for a more complete explanation. 

Subjects received three additional tests. The Story Retell - Immediate and Story 

Retell - Delayed subtests of the ABCD were used to provide measures of memory so that 

its potential confounding of false belief performance could be assessed. This was 

particularly relevant for the AD group, as memory impairment alone could lead to 

incorrect answers on the false belief task if. for example, the subject did not remember 

the object's original location. Because people with .\D may have difficulty with higher-

level executive functions such as drawing inferences during communication (Chapman, 

Highley, & Thompson. 1998), a modified version of the Wisconsin Card Sorting Test 

was also administered (Hart, Kwentus. Wade, & Taylor. 1988). This test served as a 

global measure of frontal lobe function. 

Procedure 

Each subject received three trials of each condition (THINK, LOOK, and PRETEND), 

separated into three blocks. The blocks consisted of one trial of each condition, in a 

single randomized order. Order of blocks, choice of objects for the THINK and LOOK 

conditions, initial and subsequent object location, and order of PRETEND stories were 

randomized across subjects. All trials were administered to each subject individually by 
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the experimenter. Table 2 shows the order of tasks during testing sessions, which lasted 

approximately an hour. 

Table 2. Order of tasks. 
Task Conunents 
Story Retell - Immediate (SR-I, ABCD) 
False belief, l^'block 
Speech Discrimination Screen (ABCD) 
Mental Status (ABCD) 
False belief, 2"*^ block 
WAB subtests (y/n questions, sequential 

commands) 
Story Retell - Delayed (SR-D, ABCD) 
Hamilton Depression Rating Scale 
Modified Wisconsin Card Sorting Test 
False belief, 3"^ block 

I THINK, 1 LOOK, I PRETEND (random order) 

I THINK, 1 LOOK, I PRETEND (random order) 
if needed 

20 minutes after SR-I 
for subjects filling it out themselves 

1 THINK, 1 LOOK, I PRETEND (random order) 

For all subjects in the AD group, and for any subject in the APH group for whom 

a spouse was present, the Hamilton Rating Scale - Caregiver Report was used in place of 

the self-report scale, to reduce the testing burden on the subject. The spouse filled out the 

scale during testing. 

Statistical Analysis 

All conditions were scored in the same manner, following Miller (2001). PASS 

was assigned if the subject answered the false belief and two memory controls correctly. 

If the subject was incorrect on the false belief test question but correct on both memory 

controls, the trial was scored FAIL. If either of the memory control questions were 

answered incorrectly, regardless of how the false belief question was answered, the trial 

was scored INVALID. All trials were videotaped, with the exception of one subject who 

chose not to be taped. Videotapes of three subjects, one chosen randomly from each 
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group, were scored by another rater (a second-year master's student in speech-language 

pathology) to assess interrater reliability. For one subject, 4 of 46 questions had been cut 

off during recording; for the other two, all questions were available for rescoring. 

Interrater agreement was 131/134 questions, or 97.8%. 

Each false belief condition (THINK, LOOK, and PRETEND) generated three scores 

per person: PASS, FAIL, and INVALID, as defined above. Each score ranged from 0 (no 

trials passed) to 3 (all trials for that condition passed). Miller's (2001) analysis treated 

these as categorical frequency data and used nonparametric analysis to determine whether 

the distributions of PASS/FAIL/INVALID scores for each of her three subject groups were 

more extreme than would have been expected by chance. She then used another 

nonparametric technique to compare these distributions across her three groups. 

However, that type of analysis permits only the statement that a difference among the 

groups exists, not more precise statements about how specific groups compare to each 

other. Parametric analyses of variance (repeated and one-way), which are more powerful 

because they permit post-hoc intergroup comparisons, were used in this analysis. 

To meet parametric tests' assumption that the dependent variable is continuous 

(as opposed to categorical), only the PASS scores were analyzed, rather than the 

distribution of PASS, FAIL, and INVALID scores. The data could then be conceptualized as 

measured on a ratio scale, with a natural zero point (0 trials passed) and equal intervals 

between 0. 1.2, and 3 trials passed. 

Parametric tests also assume that the dependent variable is normally distributed. 

This assumption, tested with the Kolmogorov-Smimov test with Lilliefors Significance 
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Correction, was often not met. When assumptions of parametric tests are violated, one 

can sometimes substitute similar nonparametric tests, with the limitations previously 

described. For repeated measures analyses of variance (ANOVA), however, there is no 

non-parametric equivalent. Using the parametric test in this case relies upon ANOVA's 

robusmess to non-normality (Munro, 2001). For the one-way analyses of variance, when 

the dependent variable violated the assumption of normality, a nonparametric Kruskal-

Wallis test was performed. In each case, the nonparametric test supported the results of 

the ANOVA; for simplicity, only the parametric results are reported. 

Repeated measures ANOVA makes another assumption as well, the assumption 

of compound symmetry. That is, both the correlations and the variances across conditions 

are assumed to be equal. This assumption is tested with Mauchly's Test of Sphericity. 

The results for the analyses reported below were nonsignificant [first repeated-measures 

ANOVA, Mauchly's W(2) = 0.979, p< 0.757; second, Mauchly's W(2) = 0.890, 

p< 0.248], supporting the assumption. Thus, two assumptions of repeated measures 

ANOVA (type of data and compound symmetry) were met. The assumption of normality 

of the dependent variable, which was not met, is not enough to rule out the use of this 

technique (because of its robusmess to non-normality). 

Finally, both types of analysis of variance assume homogeneity of variance (that 

is, equal variance across groups). Where Levene tests showed this assumption to be 

violated, post-hoc tests such as Tamhane's T2, which do not rely on this assumption, 

were used in place of the more common Tukey HSD. 
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After the analyses of variance, potential confounding variables were investigated. 

Omnibus x" or one-way analyses of variance determined whether the groups differed on 

the variable in question. Bivariate correlations were calculated between the variable in 

question and false belief performance for the AD group alone as an additional check for a 

confounding relationship. When the results of the correlation accorded with those of the 

omnibus test, only the latter are reported. 

To maintain a = 0.05 experiment-wide, a Bonferroni correction was applied to 

compensate for the large number of statistical tests performed. The criterion for 

significance was consequently set at /? < 0.0026. 
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III. RESULTS 

Repeated measures ANOVA was first performed using the PASS scores for the 

three conditions as the repeated measure and subject group as the between-groups factor. 

Table 3 shows the mean scores and standard deviations by condition and group. There 

was no effect of condition [F(2,26) = 0.106, p = 0.899], nor was there an interaction of 

condition with group [/*'(4,54) = 0.266, p = 0.899]. Subsequent analyses therefore pooled 

scores for the three conditions into overall PASS, FAIL, and INVALID scores. 

Table 3. Mean PASS scores by condition and subject group.* 
Subject Group N PASS score (mean ± SD) 

THINK condition NE 10 2.90 ± 0.32 
AD 10 

p
 

4) O
 

p
 

APH 10 2.90 ± 0.32 
Total 30 2.27 ± 1.11 

LOOK condition NE 10 2.80 ± 0.63 
AD 10 1.20 ±0.79 
APH 10 2.90 ± 0.32 
Total 30 2.30 ± 0.99 

PRETEND NE 10 3.00 ± 0.00 
condition AD 10 l . l O i  1 . 2 0  

APH 10 2.90 i 0.32 
Total 30 2.33 ± 1.12 

' Maximum score = 3. NE = Norma elder; AD = Alzheimer 
Disease; APH = Aphasia 

One-way analysis of variance of overall PASS scores showed a clear effect of 

group [F(2,27) = 46.615, p < 0.001]. The Alzheimer group performed significantly worse 

than both the Aphasia group and the Normal Elder group, which did not differ from each 

other [Tamhane's T2. AD vs. APH, p < 0.001; AD vs. NE, p < O.OOl; APH vs. NE. p = 

1.0]. See Figure 1 below. 
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Figure 1. Overall false belief PASS score; maximum possible = 9. Error 
bars represeot the 95% confidence interval about the mean. 
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The normal elder (NE) group averaged 8.7 ± 0.67 out of a possible overall P.\ss 

score of 9. The aphasia group (APH) was nearly identical, averaging 8.7 ± 0.48 out of 9; 

only one person scored less than the maximum. 

The Alzheimer Disease (AD) group, on the other hand, averaged 3.3 ± 2.4 out of 

9, significantly different from the other two groups, as noted above. Their performance 

also appeared to be more variable. The Levene test of homogeneity of variances had a 

significant result [Levene statistic(2,27) = 8.853, p < 0.001], indicating that there was a 

difference among the three subject groups' variances. This test does not provide rankings 

among the groups, however. Thus, although the greatest difference in variance appears to 

[1 (I 

i] 
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be between the AD group (5.57) and the other two groups (NE = 0.449, APH = 0.230), 

such a statement cannot be made with certainty. 

Comparing only the raw PASS scores is not sufficient to show that people with 

Alzheimer Disease have an impairment in theory of mind. Such a comparison does not 

distinguish between a low PASS score due to failure of theory of mind and a low PASS 

score due to failure of memory (scored as INVALID). Therefore, PASS scores were 

recomputed as a percentage of valid trials (PASS + FAIL). 

Repeated-measures .ANOVA using the PASS percentages for each condition still 

showed neither an effect of condition [F(2,50) = 0.026, p = 0.974] nor an interaction of 

condition with group [F(4, 50) = 0.372. p = 0.828]. Conditions were combined to produce 

an overall PASS score as a percentage of valid trials, which was used in subsequent 

analyses. 

One-way ANOVA of PASS percentages showed a significant difference between 

groups' [F(2,27) = 21.491, p < 0.001]. The pattern that emerged was identical to that seen 

with the earlier one-way ANOVA of raw PASS scores. The Alzheimer group remained 

distinct from the other two [Tamhane's T2, AD vs. APH. p < 0.003; AD vs. NE, 

p < 0.003; APH vs. NE. p - 0.894]; see Figure 2. This consistent pattern suggests that an 

impairment in theory of mind persists even when memory of the object's initial and final 

locations is adequate. 

" One-way ANOVA of overall P.ASS percentage is reported, rather than repeated measures 
ANOVA of PASS percentage by condition, because t\vo AD subjects were excluded from 
the latter. Both had INVALID scores for all PRETEND trials, thus giving them no PASS 
percentage score for that condition. The results of the repeated-measures ANOVA were 
the same for between-groups effect [F(2.25) = 14.833. p < 0.001]. 
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Figure 2. Overall PASS score as a proportion of valid trials; maximum 
possible = 1.0. Error bars represent the 95% confidence interval about 
the mean. 
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The recoding to include only valid trials did result in the loss of some data: 1 trial 

out of 90 for the NE group (roughly 1% of the data), 2/90 for the APH group (about 2%), 

and 39/90 (about 43%) for the AD group. Individual AD subjects lost between 1/9 trials 

(11%) and 7/9 trials (78%). However, the concordance between this analysis and the 

initial ANOVA of raw p.\ss scores (which included all the data) indicates the results' 

robustness despite the notable loss of data for the AD group. 

Potential confounding variables included level of education, age, gender, 

receptive and expressive language skill, dementia severity, depression, estimated 

premorbid verbal intelligence, general inferencing skill, and immediate memory. Delayed 
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memory was not relevant to this task, as ail questions immediately followed the events to 

which they referred. 

The three groups did not appear to differ in education [presence vs. absence of 

postsecondary education, x"(2) = 1.1, p = 0.563], though the accuracy of the yj statistic is 

limited here because of expected counts lower than 5 in 50% of the cells. As mentioned 

in Methods, there was a borderline significant difference in age between the three groups. 

Within the AD group, age did not correlate significantly with PASS percentage [Pearson's 

r = 0.272, p = 0.448]."' Gender had no significant effect on PASS percentage for the AD 

group [/(7.503) = 2.184, p = 0.063]. The APH and AD groups did not differ in their 

receptive language skill (see Methods). 

Expressive language impairment is also unlikely to have contributed to the AD 

group's poorer performance. The experiment was specifically designed to minimize 

expressive demand: all questions could be answered by pointing. The APH group's 

performance, indistinguishable from that of the normal elders, further argues that having 

an expressive language impairment does not imply a deficit in theory of mind. 

Though members of the AD group were selected to have mild to mild-moderate 

dementia only, and thus were not representative of the general Alzheimer population, 

there was still variation in their severity of dementia (measured by raw score on the 

ABCD Mental Status subtest. M = 8.40 out of 13, SD= 2.55). A scatter plot of Mental 

Status score versus PASS percentage showed no linear relationship (see Figure 3), and 

One member of the AD group was an outlier in age. However, the correlation remained 
nonsignificant when his data were e.xcluded [Pearson's r = 0.321, p = 0.390]. 
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thus correlation was not appropriate. The plot suggested the possibility of a nonlinear 

relationship, but there were not enough data points to investigate this statistically. 

Fig. 3 Mental Status score vs. proportion of valid trials scored PASS, AD 
group only. Only nine points are visible because AD-01 and AD-09 
overlap at (10,0.^. 
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Depression status also did not affect PASS percentage. The usual cutoff for 

identifying depression on the Hamilton Scale (both Caregiver Report and Self-Report 

versions) is 12 (Lazarus. Newton. Cohler, Lesser, & Schweon, 1987); a more liberal 

criterion (25) was adopted for inclusion in this study. The three subject groups did not 

appear to differ in their depression status' [depressed vs. non-depressed (using the cutoff 

' Data for AJD-09 were not obtained. No caregiver was present during testing, and the 
family member who knew him best was not available to answer the questionnaire within 
a week of testing. She had stated, when originally contacted, that she did not think he was 
depressed, and observation during testing suggested that he was, at the least, not severely 
depressed. Thus he was included despite the lack of numerical data. 



39 

of 12), x"(2) = 2.52, p = 0.283], though accuracy is limited as before due to low expected 

cell counts. 

Premorbid verbal IQ was estimated using a demographic equation" (Barona, 

Reynolds, & Chastain, 1984). The three groups did not differ [F(2,27) = 1.446, p = 

0.253], 

The Wisconsin Card Sort can be used to measure numerous attributes related to 

frontal lobe function, depending on how it is scored. To measure general inferential 

ability and ability to maintain set, percentage of responses correct was calculated. This 

score gives a measure of subjects' ability to infer the sorting rule and abide by it 

thereafter. One-way analysis of variance showed no significant difference between the 

groups' scores [F(2.23) = 0.866, p = 0.434]. A scatter plot of percent of responses correct 

on the WCST versus false belief P.ASS percentage was reminiscent of that seen in Figure 

3; see Figure 4. This similarity is not surprising, since one might expect a measure of 

frontal lobe function to be related to a measure of dementia severity. As before, the lack 

of a linear relationship precluded the use of correlation, and there were not enough data 

points for further investigation of the possible nonlinear relationship. 

Premorbid full-scale IQ was also estimated, but as the two estimates tended to differ by 
only about one point for all subjects, only the verbal IQ estimate was used for analysis. 
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Figure 4. Percent of responses correct on the modified Wisconsin 
Card Sorting Test, vs. proportion of valid trials scored PASS, AD 
group only. 
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Immediate memory impairment, one of the hallmarks of Alzheimer Disease, was 

thought to be the most likely confounding variable in explaining the AD group's poor 

performance. However, scores on the ABCD Story Retell - Immediate subtest did not 

correlate significantly with overall P.^SS percentage [Pearson's r = 0.745, p < 0.013]. 

There is further evidence that immediate memory deficits do not e.xplain the AD group's 

false belief performance. The PRETEND condition, with pictures as memory support 

visible while subjects were answering the questions, presented a lesser memory demand 

than the THINK and LOOK conditions. However, the lack of group*condition interaction 

mentioned in the repeated-measures analyses above shows that this greater memory 

support did not improve the AD group's performance. Table 4 shows this lack of effect in 

another way. AD subjects are ranked by their performances on the Story Retell -
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Immediate test, overall PASS percentage, and PASS percentage for the PRETEND condition 

only (see below). 

Table 4. AD subjects ranked by immediate memory, overall PASS percentage, and 
PRETEND PASS percentage. Best performances are at the top. 

Storv Retell - Immediate Overall PASS percentaee PRETEND PASS Dercentaee 

Subject ID (Raw score) Subject ID (Raw score) Subject ID (Raw score) 

.\D-08(13) 
A D - I I ( I I )  
.\D-10(8) 

.A.D-04 = AD-05 = AD-06 (6) 
AD-01 = .\D-02 (4) 
AD-03 = AD-09 (2) 

.\D-10 = .A.D-I1 (100%) 
.\D-08 (83%) 

.\D-01 = .\D-03 = .AD-04 = AD-05 
= .AD-OQ (50% - chance) 

.AD-06 (43%) 

.AD-02 (25%) 

.AD-06 = .AD-08 = AD-10 = AD-11 
(100%) 

.AD-04 (50% - chance) 
AD-03 (33%) 

.AD-02 = .AD-05 (0%) 
AD-01 = AD-09; no valid trials 

The three subjects with the best memory scores (AD-08, -10, and -11) were also 

top-ranked in overall PASS percentage. They maintained this ranking when the PRETEND 

condition was considered alone; their performance was consistent across levels of 

memory support. Of the four subjects ranked lowest for memory (AD-01, -02, -03, and -

09), one (AD-02) maintained his lowest ranking from overall to PRETEND-only pass 

percentage; one (AD-03) went from middle-ranked, chance performance overall to lower-

ranked. worse-than-chance performance in the PRETEND condition; and two (AD-01 and 

-09) went from middle-ranked, chance performance overall to no valid trials for the 

PRETEND condition. (Recall that for trials to be scored INVALID, the subject must have 

answered one or both memory control questions incorrectly, despite having the pictures 

visible.) This small group's performance was thus the same or even slightly worse in the 

condition with the greatest memory support. Of those whose memor>' scores were 

roughly in the middle (AD-04. -05, and -06). AD-05 decreased from chance performance 

overall to none correct in the PRETEND condition; .'\D-04 stayed at chance; and AD-06 

improved from slightly below chance overall to completely correct in the PRETEND 
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condition - the only subject who appears to have benefited from the memory support. 

Though there were not enough subjects to examine these rankings statistically, the 

narrative picture supports the differentiation of mentalizing impairment from memory 

impairment in the AD group. 

Results of the "Why is she surprised?" question were inconclusive due to the low 

number of subjects. Recall that the conservative scoring system required explicit 

reference to a mental state, by the use of either a mental state verb such as "think" or 

"know" or (in one case) the name of a mental state ("She's confused because..."). The 

more liberal system required only implication of a mental state reference. Thus, an 

aphasic subject who replied by role-playing the Assistant's confusion and saying "What 

happened? What happened?" was scored as having implied reference to a mental state, 

because she appeared to be voicing the thoughts she expected the Assistant to be having. 

That is. she appeared to be predicting the Assistant's mental state, even though she did 

not explicitly use a mental state verb. This liberal scoring system was adopted mostly for 

the sake of the subjects with aphasia, who were quite creative in communicating a 

plausibly correct answer, even though word-finding limitations prevented most of them 

from meeting the more stringent criterion. Table 5 shows how each group scored 

according to both the conservative and liberal systems. 
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Table 5. "Why is she surprised?'^ scores by group and scoring system/ 
» • 

Group X' test result 
NE' AD APH 

X' test result 

Conservative scoring 
Explicit reference to MS 

No explicit reference 
7 
2 

3 
6 

3 
6 

Z-(2) = 4.747 
p < 0.093 (NS) 

Liberal scoring 
Implicit reference to MS 

No reference to MS 
9 
0 

6 
3 

9 
0 

X'(2) = 6.750 
p < 0.034 (NS) 

Due to the recording equipment, each group was missing data for one subject. 
°NE = Normal elder; AD = Alzheimer Disease group: APH = Aphasia group: MS = Mental state 

Neither scoring system produced a statistically significant difference. It is notable 

that when scoring criteria were used which were intended to minimize the demands on 

expressive language, both the AD and the APH groups' performances improved - but 

only the APH group then looked like the normal elders. 

The data on perceptual access (PA) and knowledge attribution (KA) showed a 

pattern similar to that seen with the false belief task. One-way ANOVAs showed 

significant differences between the groups, with the AD group performing worse than the 

other two. See Table 6 and Figures 5 and 6 below. 

Table 6. Intergroup comparison of perceptual access and knowledge attribution 
scores (ma.\imum possible = 9). 
Measure Group M(SD) ANOVA result Post-hoc (Tamhane's T2) 
Perceptual access NE 

AD 
APH 

9.0 (0.0) 
5.2(3.1) 
8.8 (0.4) 

F(2.27)= 14.161 
/?< 0.001 

AD vs. NE, p < 0.011 
AD vs. APH, p < 0.015 
APH vs. NE, p = 0.424 

Knowledge 
attribution 

NE 
.\D 

.\PH 

F(2.27) = 16.860 

8.8(0.4) I /»< 0.001 

AD vs. NE, p < 0.006 
AD vs. APH. p < 0.006 

APH vs. NE,p= l.O 
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Figure 5. Mean perceptual access scores by group. Bars represent 95% 
confidence interval about the mean. 

CO 
CA 0) o o 
CQ 

M 3 
Q. Q) 
O w 0) 

CL 

Figure 6. Mean knowledge attribution scores by group. Bars represent 
95% confidence interval about the mean. 
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Despite the similar patterns of intergroup differences, neither measure correlated 

with false belief performance in the AD group [PA, r = 0.705, p < 0.023; KA, r = 0.501, 

p = 0.140]. 
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IV. DISCUSSION 

This study found significant differences on a false belief task between subjects 

with Alzheimer Disease and two other groups, normal elders and subjects with aphasia. 

The latter two groups did not differ from each other; both performed near the maximum 

with very low variance. These results are in accord with Saltzman et al.'s (2000) findings 

regarding normal elders, and Varley and Siegal's (2000) report on theory of mind in 

aphasia. Variables which could have been confounders (level of education, age, gender, 

receptive and expressive language skill, dementia severity, depression, estimated 

premorbid verbal intelligence, general inferencing skill, and immediate memory) proved 

not to be significant. 

Subjects with Alzheimer Disease appear to have shown a deficit in false belief 

attribution which is not easily explained other than by reference to a mentalizing 

impairment. The possible nonlinear relations between false belief performance and 

measures of dementia severity and frontal lobe function may indicate a threshold of 

severity past which subjects show only chance performance on the false belief task. This 

possibility is based on little data, but could prove an intriguing area for further research. 

If measures of general frontal lobe function do indeed have some relationship to false 

belief performance, such research could help to distinguish between a theory of mind 

which relies on domain-general, central cognitive processes and one which relies on a 

more specific, dedicated module. The present paper does not address the issue. The 

results reported here could be consistent either with a mentalizing-specific module which 

(in people with Alzheimer Disease) is impaired in addition to the general memory deficit. 
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or with a central-processing model in which deficits in processes other than immediate 

memory are responsible for theory of mind impairment. 

False belief attribution was clearly dissociated from linguistic competence in this 

language-supported task. The APH group's performance suggests that when language 

demands are relatively minor, people with aphasia show no impairment in responding to 

false belief questions. Astington & Jenkins (1999) have argued for the strong version of 

the "theory of mind depends on language" hypothesis: that is, that linguistic (particularly 

syntactic) development is a vital prerequisite to theory of mind, because "syntactic 

abilities are needed to represent these [belief structures]" (p. 1318). Even if they are 

correct with regard to mentalizing in its developmental stages, the results of this study 

argue that later-acquired expressive and receptive syntactic impairments do not detract 

from accurate false belief attribution. 

This study did not specifically examine subjects' comprehension or production of 

embedded complements in the absence of gestural, pictorial, and situational support. 

Impairment in such tasks, accompanied by intact false belief attribution, would most 

precisely argue against Astington and Jenkins' (1999) interpretation of mentalizing 

development being extended to include mentalizing in adults. Two aphasic subjects, 

however, do provide a weak version of this type of evidence. One subject's expressive 

language was limited to "Oh. yes!" and "Fine, fine" (and therefore did not include 

embedded complements). The other's auditory comprehension was poor enough that 

nearly all interaction needed to be written; thus, he could not process embedded 

complements, at least in the auditory modality. Both still were able to attribute false 
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belief correctly under the language-supported conditions of this task. In more complex, 

"real-world" situations with lesser language support, receptive language impairment 

could well mask the theory of mind competence that this supported task allowed all the 

APH group members to reveal. 

Unlike Miller's (2001) investigation, here false belief attribution was dissociated 

from linguistic demand. There was no difference across conditions of the false belief 

task, and no interaction of condition with subject group. This is not greatly surprising for 

three reasons. The first is the low power of the study to detect either. The latter two both 

have to do with how differently difficult the conditions really were in practice. 

Firstly, differences in linguistic demand across conditions may have been reduced 

by the investigator's attempts to provide a high level of language support. Though the 

wording of the questions themselves was not altered between subjects, gestures were 

used extensively to supplement speech, and the questions were written down for the 

subjects to read if they so requested. This level of support was provided because the 

objective of determining whether any of the subject groups had an impairment in theory 

of mind competence was deemed more basic to the study than the question of whether 

linguistic demand affected theory of mind performance. 

Secondly, it is possible that the difference in processing demand between a 

sentence with an embedded complement ("Where does X think [that] Y is?") versus one 

without ("Where will X look for Y first?") is relatively greater for young, language-

impaired children struggling to acquire language and theory of mind simultaneously than 

for adults whose premorbid language and theory of mind had been well established for 
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decades. Thus a syntactic difference which was relevant for Miller's young subjects may 

have been less so for the subjects in this study. Bara et al. (2000) and Papagno (2001) 

have found impairment in comprehension of figurative language in individuals with AD. 

Perhaps comparing figurative and literal stories involving mentalizing would be a more 

fhiitflil way to investigate language/theory-of-mind interaction in this population. 

Another possibly useful area of research would be extending the study to include 

people with primary progressive aphasia (PPA). There are currently no studies of theory 

of mind in this population. The disorder entails gradual deterioration of speech and 

language for al least two years in the absence of generalized cognitive or behavioral 

disturbances (Rogers & Alarcon. 1999). After this two-year period, up to half of 

individuals with PPA may show cognitive decline consistent with dementia. Attempts to 

use the language profile of patients with PPA (grossly, "fluent," "nonfluent," or "mixed") 

to predict their eventual cognitive outcome have proven controversial. Rogers and 

Alarcon reviewed a number of papers supporting the idea that a nonfluent language 

profile "may predict a longer duration of isolated language symptoms or, perhaps, a 

lower probability of developing widespread cognitive involvement" (p. 14). However, 

their own review of cases reported in the literature did not find either of these effects. The 

potential link between language and other aspects of cognition in primary progressive 

aphasia thus remains open to investigation. If PPA of either type does include a theory of 

mind impairment, longitudinal studies of mentalizing in this population could also 

potentially differentiate between theories espousing a dedicated mentalizing module and 

theories proposing that mentalizing skill relies on more domain-general processes. 
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The data on perceptual access and knowledge attribution may provide another 

avenue for discriminating between theories, specifically between simulation theory and 

theory theory. The correlations be^veen these measures (PA and KA) and false belief 

performance were high enough (r = 0.705 and r = 0.501 respectively) that it is possible 

they would be significant with more data. If that were the case, then two statements might 

be made. The first is that the commonsense requirement of accurate starting information 

(for a simulation or for drawing inferences) is supported, but that errors at that point still 

do not completely explain impairments on the false belief task: the explained variance is 

still incomplete (PA: R" = 49.7%; KA: R" = 25.1% for this data). The second and more 

tentative is that if perceptual access ("Did the assistant see me move the pen?") is truly 

and significantly more strongly correlated with false belief performance than is 

knowledge attribution ("Does she know I moved it?"), then simulation theory explains 

that fact better than theory theory. 

Under theory theory, each link in the chain of inferences ought to be equally 

susceptible to error, and thus equally likely to contribute to an error in attributing false 

belief: perceptual access and knowledge attribution ought to be equally correlated to false 

belief performance. Under simulation theory, however, different points in the process 

should not necessarily be equally susceptible to error. An attributor could begin with 

incorrect information and proceed through a perfectly appropriate simulation to an 

incorrect conclusion about the target's belief In this study, that would correspond to an 

error in perceptual access: if the attributor thought incorrectly that the target did see the 

object moved, she would then simulate (appropriately, given her starting conditions) that 
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the target would have an accurate belief about tlie object's location. An error at the point 

of knowledge attribution, however, is less likely under simulation theory. Such an error 

would mean that the attributor had begun the simulation with correct information that the 

target had not seen the object moved, but then simulated (inappropriately, given the 

accurate starting conditions) that the target somehow had an accurate belief about the 

object's location despite not having perceived the object moving. 

Note that simulation theory should not be read as predicting that the latter type of 

error (error in knowledge attribution, or error during the process of simulation) never 

occurs. That is, simulation theory does not predict a lack of a relationship between 

knowledge attribution and false belief performance. On the contrary, if the simulation 

process undergoes an error at the point of knowledge attribution, then the simulation will 

produce an incorrect attribution; clearly the two should be related. What simulation 

theory does predict is that simulation should be more susceptible to errors of initial 

information than to errors within the simulation itself and so performance on the 

perceptual access question should correlate more strongly to false belief performance 

than should the knowledge attribution question. 

Bloom & German (2000) have pointed out that there is more to theory of mind 

than passing the false belief task, and Bach and colleagues (1998) likewise point out that 

one can pass first-order false belief tasks and yet fail other theory of mind tests. This 

study, then, paints only an incomplete picture of theory of mind competence in 

Alzheimer Disease, aphasia, and normal aging. All three populations offer intriguing 

possibilities for further research. 
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APPENDIX A: Scripts and Props 

THINK and LOOK conditions 

Objects: keys, pencil, comb 
Locations: in purse, in pocket, in backpack, on table, on chair, on floor 
People: Experimenter (E), Subject (S), Assistant (A) 

Sample script: object = keys, location I = purse, location 2 = backpack 

E: These are my keys [show]. I keep them here in my purse [put keys in purse, make 
sure S can see that A knows where the keys are] so they're handy when I get 
home, [have A leave the room] I'm going to move the keys to my backpack, [put 
keys in backpack] 

False belief: 

Memory control: 

Perceptual access: 
backpack? 

Knowledge attribution: Does A know we moved the keys from the purse to the 
backpack? 

PRETEND condition 

Brackets [ ] delineate sentences corresponding to pictures. 

Script I: [This dragon was chasing a peasant. The peasant ran into his house and shut the 
door. Now he is hiding inside the house. The dragon can't see him.] [The peasant climbs 
out the back window. The dragon is still over here on the other side of the house.] 

False belief: Where does the dragon think the peasant is? 

Memory control: Where is the peasant now? 
Where was he before that? 

Perceptual access: Did the dragon see the peasant climb out the window? 

Knowledge attribution: Does the dragon know the peasant climbed out the 
window? 

Where does A think the keys are? or 
WTiere will A look for the keys first? 

Where are the keys now? 
Where were they before that? 

Did A see me move the keys from the purse to the 
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Script 2: [A giri puts a pie on the windowsill to cool.] [The girl leaves the room. She 
can't see the pie anymore.] [A leprechaun steals the pie.] 

False belief: Where does the girl think the pie is? 

Memory control: Where is the pie now? 
Where was it before that? 

Perceptual access: Did the girl see the leprechaun steal the pie? 

Knowledge attribution: Does the girl know the leprechaun stole the pie? 

Script 3: [A girl sees a fairy sitting on a rock.] [The girl runs into her house to tell her 
parents.] [The fairy flies to the top of a tree.] 

False belief: Where does the girl think the fairy is? 

•Memory control: Where is the fairy now? 
Where was she before that? 

Perceptual access: Did the girl see the fairy move? 

Knowledge attribution: Does the girl know the fairy moved? 
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APPENDIX B: Randomization 

Story Order: For five of the six possible story orders, a six-sided die was rolled five times 
per order. A 1 or 2 corresponded to APH, 3 or 4 to AD, and 5 or 6 to NE. Following this, 
the last five slots left were in the NE group. 

D = dragon story L = leprechaun story F = fairy story 

Subject Story order Subject Story order Subject Story order 
APH-01 D L F  AD-01 D L F  NE-Ol D L F  
APH-02 D F L  AD-02 D L F  NE-02 D F L  
APH-03 D F L  AD-03 D L F  NE-03 L F D  
APH-04 L F D  AD-04 D F L  NE-04 F L D  
APH-05 L F D  AD-05 D F L  NE-05 F L D  
APH-06 L F D  AD-06 L F D  NE-06 F D L  
APH-07 L D F  AD-07 L D F  NE-07 F D L  
APH-08 L D F  AD-08 L D F  NE-08 F D L  
APH-09 F L D  AD-09 L D F  NE-09 F D L  
APH-10 F L D  AD-10 F L D  NE-10 F D L  

Object location: There were six possible locations (purse, backpack, pocket, table, chair, 
floor). For each, a ten-sided die was rolled to assign one of five remaining locations as 
second location. A 1 or 2 assigned the first remaining location, a 3 or 4 assigned the 
second remaining location, etc. This was repeated three times to come up with three 
series of six location pairs. A six-sided die was rolled ten times each for the first two 
series to assign them to the APH, AD, or NE groups, and the third series put in the 
remaining slots. 

Series 1 Series 2 Series 3 
Location 1 Location 2 Location 1 Location 2 Location 1 Location 2 

purse pocket purse floor purse table 
pocket floor pocket floor pocket backpack 
backpack table backpack purse backpack pocket 
table chair table backpack table floor 
chair floor chair pocket chair floor 
floor pocket floor backpack floor pocket 
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Subject Location Subject Location Subject Location 
series series series 

NE-01 I AD-01 1 APH-Ol 1 
NE-02 1 AD-02 I APH-02 2 
NE-03 1 AD-03 1 APH-03 2 
NE-04 1 AD-04 1 APH-04 2 
NE-05 1 AD-05 2 APH-05 3 
NE-06 2 AD-06 2 APH-06 3 
NE-07 2 AD-07 2 APH-07 3 
NE-08 2 AD-08 2 APH-08 3 
NE-09 3 AD-09 3 APH-09 3 
NE-IO 3 AD-IO 3 APH-IO 3 

Condition order within blocks 
Block 1 Block 2 Block 3 

I. PRETEND 1. PRETEND 1. LOOK 
2. LOOK 2. THINK 2. PRETEND 
3. THINK 3. LOOK 3. THINK 

Block order: For five of the six possible orders, a six-sided die was rolled five times each. 
A 1 or 2 corresponded to APH, 3 or 4 to AD, and 5 or 6 to NE. Following this, the last 
five slots left were filled in with the sixth order. 

Subject Block order Subject Block order Subject Block order 
APH-Ol 1 23 AD-Ol 1 2 3  NE-01 1 2 3  
APH-02 1 23 AD-02 I 23 NE-02 I 3 2 
APH-03 1 3 2  AD-03 1 32 NE-03 23 1 
APH-04 2 1 3 AD-04 1 3 2  NE-04 23 1 
APH-05 2 1 3 AD-05 1 3 2 NE-05 23 1 
APH-06 2 1 3 AD-06 2 1 3 NE-06 3 1 2 
APH-07 23 1 AD-07 2 1 3 NE-07 3 1 2 
APH-08 23 1 AD-08 3 I 2 NE-08 3 1 2 
APH-09 3 2 I AD-09 32 1 NE-09 3 1 2 
APH-10 3 2 1 AD-10 3 2 1 NE-IO 32 1 
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