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Theory of mind (ToM), or the ability to understand mental states, is a
fundamental aspect of social cognition. Previous research has documen-
ted marked advances in ToM in preschoolers, and declines in ToM in
older-aged adults. In the present study, younger (n=37), middle-aged
(m=20), and older (n=37) adults completed a continuous false belief
task measuring ToM. Middle-aged and older adults exhibited more false
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belief bias than did younger adults, irrespective of language ability,
executive function, processing speed, and memory. The authors conclude
that ToM declines from younger to older adulthood, independent of
age-related changes to domain-general cognitive functioning.

Theory of mind (ToM) refers to the ability to understand a variety of
different mental states, such as beliefs, desires, intentions, emotions,
and perceptions. ToM is a fundamental aspect of social cognition
that guides social interactions and individual behavior across a range
of contexts. There are marked improvements in children’s ToM
abilities during the preschool years, and in particular in children’s
ability to appreciate that they and others can hold beliefs about the
world that are false (Wellman, 1990). Specifically, whereas 3- and
4-year-old children appear to think that their own and others’ beliefs
about the world directly reflect reality, 5-year-old children appreciate
that beliefs are reflections of reality and therefore can be accurate or
inaccurate.

Although there is a large literature on children’s ToM, and on
children’s appreciation of false belief in particular, considerably fewer
studies have examined ToM in older children, adults, and the elderly.
A variety of evidence points to potential limitations in adult’s
ToM, particularly in situations in which adults must ignore their
own knowledge, in order to consider the mental states of another,
naive individual (Apperly, Riggs, Simpson, Chiavarino, & Samson,
2006; Keysar, Lin, & Barr, 2003; Wilson & Brekke, 1994). Indeed,
despite the marked shifts that are present in children’s mental state
reasoning during the preschool period, the life span developmental
literature has shown that ToM continues to develop in a gradual fash-
ion beyond the preschool years into young adulthood (Bernstein,
Atance, Loftus, & Meltzoff, 2004; Birch & Bloom, 2007; Carpendale
& Chandler, 1996; Maylor, Moulson, Muncer, & Taylor, 2002;
Slessor, Phillips, & Bull, 2007; Wellman, Cross, & Watson, 2001).
What remains contentious, however, is how and when mental state
reasoning changes across adulthood.

Changes to Mental State Reasoning in Adulthood

Currently, there is mixed evidence regarding age-related changes to
ToM abilities from younger to older adulthood, perhaps due to varia-
bility in the types of task and aging samples used across experiments.
Whereas some studies suggest that older adults outperform younger
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adults (Happe, Winner, & Brownell, 1998), other work has yielded
either no difference between younger and older adults (Keightley,
Winocur, Burianova, Hongwanishkul, & Grady, 2006; MacPherson,
Phillips, & Della Sala, 2002) or evidence that younger adults outper-
form older adults (Maylor et al., 2002). On balance, the literature to
date shows that older adults have more trouble reasoning according
to others’ mental states than do younger adults (Slessor et al., 2007).
Assuming that age-related declines in ToM are present, we might ask
when age-related declines in ToM first emerge. Although most
researchers studying mental state reasoning in aging populations
include an older age group starting at age 60, relatively few studies
have assessed changes to ToM in middle age (but see Charlton, Barrick,
Markus, & Morris, 2009; Pardini & Nichelli, 2009).

Charlton et al. (2009) tested changes to ToM from middle age to
older adulthood in a group of adults 50 to 90 years of age and found
that ToM ability declined with age; however, their omission of
younger adults prevents us from determining when ToM ability begins
to decline in adulthood. To answer this question, Pardini and Nichelli
(2009) tested differences in ToM from younger to older adulthood in
four age groups (20-25; 45-55; 55-65; 70-75), and found that “decline
in ToM capacities becomes statistically relevant after 55 years”
(p. 103). These findings point to advanced middle age as the time point
during which mental state reasoning ability begins to decline.

However, Pardini and Nichelli’s (2009) study was limited in several
ways. First, participants completed only one measure, the Revised
Mind in the Eyes Test (translated into Italian and then validated). This
task requires participants to judge the complex emotion that a person
is exhibiting (for example, suspicion), based solely on a cropped photo-
graph of that person’s eyes. Participants indicate their answers by
choosing one of four emotion words appearing with the photograph.
The ability to identify others’ emotional states based on limited
evidence is an important aspect of ToM. However, other integral
aspects of ToM, such as the ability to reason according to another per-
spective when that perspective conflicts with one’s own, were not
assessed. It is possible that different aspects of mental state reasoning
follow different developmental trajectories. Indeed, some of these
abilities may be spared in aging populations, whereas others may
not. Furthermore, the authors did not administer tasks known to cor-
relate with ToM, such as those that measure executive function and
language ability. Indeed, many of the age differences in ToM reported
in the literature disappear after controlling for executive function, in
particular, processing speed, inhibitory control, and working memory
(Bailey & Henry, 2008; German & Hehman, 2006; Maylor et al., 2002;
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McKinnon & Moscovitch, 2007; Sullivan & Ruffman, 2004). Thus, it
is impossible to know the extent to which age-related differences in
ToM reported in the Pardini and Nichelli (2009) study reflect declines
in domain-general cognitive abilities such as executive function versus
differences in ToM per se.

For example, McKinnon and Moscovitch (2007) showed that older
adults perform more poorly than younger adults on second-order
false belief tasks (in which one maintains in mind and compares
divergent beliefs or perspectives of different people, e.g., “Sally thinks
that John thinks that the ball is under the blanket). No age differ-
ences emerged on first-order false beliefs (in which one considers
the thoughts and feelings of one person only). The authors interpret
this data pattern as support for the idea that older adults perform
more poorly than young adults on ToM tasks with high central
processing demands, especially working memory. To test this claim,
the authors conducted several follow-up experiments in which they
manipulated working memory in a dual task involving younger
adults performing false belief tasks. These experiments showed
clearly that working memory load decreased false belief performance
in young adults. From this, the authors concluded that working
memory accounts for age differences in ToM between younger and
older adults.

Although this study offers evidence for the role of working memory
in ToM in adults, the evidence is indirect. Working memory was
manipulated in younger adults only. The authors’ argument for the
mediating role of working memory in age-related differences in
ToM rests upon the resemblance between the decline in false belief
performance in younger adults under divided attention and the decline
in performance in older adults under conditions of full attention.

More direct evidence for the mediating role of executive function
in age-related declines in ToM comes from German and Hehman
(2006). These authors administered a series of ToM tasks to younger
and older adults. The ToM tasks involved stories that varied in terms
of whether a protagonist acted on a true or a false belief (mental
state). The authors also manipulated executive selection demands
by changing whether the protagonist acted on the true or false belief
by approaching or avoiding an object. Participants also completed a
battery of executive function tasks. The authors found age-related
declines in performance on the stories involving false belief, and these
differences correlated most highly with measures of processing speed
and inhibition (and to a lesser extent, working memory). The authors
concluded that age-related declines in ToM are due in part to age-
related differences in executive function. However, unlike McKinnon
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and Moscovitch (2007; see also Bailey & Henry, 2008), the authors
did not report whether the age-related differences in ToM persist
after controlling for executive function.

These limitations motivated us to investigate a central aspect of men-
tal state reasoning, the ability to reason from another person’s inaccur-
ate or false belief, in adults at a range of different ages. We also
administered a battery of cognitive tasks to determine whether age dif-
ferences in false belief understanding reflect domain-general cognitive
processes. Although several tasks have been used to assess ToM in
aging populations (Baron-Cohen, Wheelwright, Hill, Raste, & Plumb,
2001; Happe et al., 1998), these tasks are limited in their ability to inves-
tigate mental state reasoning across the life span. First, these tasks often
show inconsistent performance when comparing younger to older
adults, perhaps due to language and task demands, as well as ceiling
effects (Slessor et al., 2007). Second, these tasks cannot be used with
young children, because of the sophisticated language and cognitive
demands of the task. Thus, existing methods limit the ability to draw
conclusions about the development of ToM across the life span.

Reconsidering Tasks Used to Assess False Belief

An influential perspective in the ToM literature argues that changes
to children’s performance on false belief tasks between 3 and 5 years
of age reflect qualitative conceptual change in children’s understand-
ing of beliefs (e.g., Wellman et al., 2001). The majority of studies that
have been used to test false belief understanding in children require a
discrete, categorical response. For example, in a classic change of
location task, children are required to indicate which of two hiding
locations a protagonist will search at after an object has been moved
from one location to another without the protagonist’s knowledge.
Before roughly 4.5 years of age, children typically indicate that the
protagonist will search where the object actually is. At 4.5 years of
age, and later, children correctly indicate that the protagonist will
search for the object where he or she believes it to be. The traditional
interpretation of children’s performance on this task is that whereas
young children conceive of beliefs as mirrors of reality, older children
understand beliefs as representations of reality and consequently
understand that beliefs can sometimes be inaccurate or incorrect.
Another possibility, however, is that changes in terms of children’s
ability to represent and reason happen in a graded, continuous fashion,
rather than in a discrete, either-or fashion. The discrete, categorical
responses required by traditional false belief tasks may fail to capture
developmental improvements or declines adequately (Bernstein, Atance,
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Meltzoff, & Loftus, 2007), if the underlying ability undergoes a subtle
quantitative shift rather than a more dramatic qualitative shift.

Heeding these limitations, researchers have developed a task to
measure mental state reasoning, and in particular false belief reason-
ing, on a continuum throughout the life span (Sommerville, Bernstein,
& Meltzoff, 2010). The task was based on the well-known change-
of-location task used with preschoolers (Baron-Cohen, Leslie, &
Frith, 1985; Wimmer & Perner, 1983). In the standard change-of-
location task, a character (Sally) places an object (ball) in one location
(box) and then leaves the room. While Sally is gone, another character
(Anne) removes the object and places it in another location (cup-
board). When Sally returns, children are asked a critical question that
taps ToM, namely, “Where will Sally look for the ball?”’ Children are
also asked control questions, such as “Where is the ball really?” or
“Where did Sally put the ball before she left?”” This task measures
children’s ToM understanding in discrete terms: One either answers
correctly that Sally will look for the ball where she placed it, namely
in the box, or one answers incorrectly that Sally will look for the ball
where it is now, namely in the cupboard. In the continuous version of
this task, the same scenario is enacted; however, this time the object is
placed in a large (5-foot-long) box filled with Styrofoam peanuts.
Rather than discrete locations like boxes and cupboards, the object
is placed in different locations in one large container. Thus, this task
provides a sensitive measure of the extent to which participants
can ignore or disregard their own beliefs in order to reason from an
ignorant perspective.

In the first study to use this continuous false belief task, preschoo-
lers and young adults made more errors, and thus showed more bias,
when the critical question involved a false belief (‘“Where will Sally
look for the ball?”’) than in various control conditions (e.g., “Where
did Sally put the ball before she left?””). Moreover, as could be expected
from the development of mental state reasoning, adults showed less
false belief bias than did 5-year-olds who, in turn, showed less
bias than 3-year-olds. Also, preschoolers’ false belief bias correlated
significantly and positively (r,, =.46) with their performance on the
standard change of location task (Sommerville et al., 2010). The mag-
nitude of this correlation is similar to that found between standard
false belief tasks in children (see Carlson & Moses, 2001). Thus, the
continuous false belief task appears to be sensitive to subtle develop-
ments in mental state reasoning, and is a good candidate for investigat-
ing mental state reasoning across a broad range of ages.

In the present work, we administered the continuous false belief
task (Sommerville et al., 2010) to younger, middle-aged, and older
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adults. In addition, we included several measures that have been
shown to correlate with ToM in children and adults, most notably
tasks that tap language ability and executive function (Bull, Phillips,
& Conway, 2008; Carlson & Moses, 2001; German & Hehman, 2006;
Milligan, Astington, & Dack, 2007). Examining whether mental state
reasoning is uniquely impaired in the elderly, or whether such impair-
ment relates more broadly to other domain-general cognitive abilities
such as language and executive function, can shed light on the nature
of mental state reasoning in aging populations.

Based on prior work using categorical tasks in which declines in
mental state reasoning emerge in the fifth decade (Pardini & Nichelli,
2009), we predicted that, in comparison to younger adults, middle-
aged and older adults would show greater false belief bias on a
continuous false belief task (hereafter called the Sandbox task). More-
over, to the extent that middle-aged and older participants do show
false belief deficits, it is unclear whether these deficits are unique to
false belief and mental state reasoning specifically, or whether they
can be accounted for by declines in more domain-general cognitive
abilities such as executive function and memory. Thus, our second
research question was whether age-related declines in mental state
reasoning would be related to their performance on other cognitive
tasks. Based on inconsistent evidence in the literature linking
deficits in mental state reasoning to domain-general cognitive abilities
in aging populations (Charlton et al., 2009; Sullivan & Ruffman,
2004), we made no firm prediction about the link between false belief
performance on the Sandbox task and traditional cognitive measures
(executive function, processing speed, memory, and language ability).
If mental state reasoning deficits are independent of domain-general
cognitive abilities, then false belief performance on the Sandbox task
should be unrelated to performance on traditional cognitive measures.
However, if mental state reasoning deficits are due to domain-general
cognitive abilities, then false belief performance on the Sandbox task
should be related to individual differences on cognitive tasks known to
decline with increasing age (Craik & Bialystok, 2006).

METHODS
Participants
Thirty-seven older adults (76% female; 89% right-handed; mean

age=67.6, SD=6.0, range = 60-85) and 20 middle-age adults (80%
female; 95% right-handed; mean age =56.3, SD=2.3, range = 51-59)
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from the greater Vancouver area were recruited through advertise-
ments posted at local recreational centers and through presentations
given at various community centers throughout the lower mainland
of British Columbia. Thirty-eight younger adult participants (76%
female; 97% right-handed; mean age=19.2, SD=1.42, range=17-
22) were recruited through an undergraduate university subject pool.
Participants were ineligible if they had a history of major illnesses with
known direct central nervous system effects (e.g., stroke, head injury,
central nervous system malignancies, Parkinson’s disease), or had pre-
viously identified cognitive impairments (e.g., diagnosis of dementia).
All participants obtained scores of 25 or greater on the Mini-Mental
State Examination (Folstein, Folstein, & McHugh, 1975), exceeding
the cutoff commonly used for screening dementia (Kukull et al.,
1994). All participants scored below the cutoff of mild depression on
the Center for Epidemiologic Studies of Depression Scale (CES-D).

Additional exclusion criteria included a current diagnosis or
history of a major psychiatric illness. Due to the visual nature of
some tasks, we screened participants’ visual acuity, with the lower
limit of correction set at 20/50. All participants were tested individu-
ally in the same University laboratory. Older participants received
monetary compensation for their time and travel expenses, and
younger participants received course credit.

Measures

All participants completed a series of tests to assess traditional neu-
ropsychological abilities. The following measures were administered
individually in a single 2-hr session, and scored by trained research
assistants according to standardized procedures. The testing order
for the entire session is available upon request.

Sandbox Task
We modified the between-subject and within-subject procedures
outlined by Sommerville et al. (2010). Specifically, participants were
tested using a rectangular sandbox constructed from pine (152 cm
long by 45cm wide by 31cm deep). The sandbox was filled with
Styrofoam peanuts to 2.54cm below the top lip. The sandbox was
painted grey with a green base and sat upon a table. Participants
stood in front center of the sandbox. The experimenter stood directly
across from participants on the other side of the sandbox.

The experimenter, unaware of the experimental hypotheses, nar-
rated a story, and placed objects within the sandbox while participants
watched. There were three within-subject conditions representing trial
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type: In the false belief condition and the memory control condition, a
protagonist put an object in one location, and while the protagonist
was absent, a second character moved that object to a new location.
After a short delay, participants were asked to indicate where the
protagonist would look for the object upon her return (false belief)
or where the protagonist originally placed the object before leaving
(memory control). In the no false belief condition, a protagonist put
an object in one location, and while the protagonist was absent, a
second character subsequently placed another object in a new location.

For example, in one story participants were told, “Sally and Ann
are outside playing in the sandbox. Sally hides a red toy dog in the
sand here (experimenter hides red toy dog at the first hiding location)
and then goes inside to get a drink of water.” The procedure then var-
ied according to condition. Participants in the false belief and memory
control conditions next were told: “While Sally is inside the house,
Ann finds the toy dog and hides it here,” and the experimenter hid
the toy dog at the second hiding location. Participants in the no false
belief condition next were told, “While Sally is inside the house, Ann
takes a lego piece and hides it here,”” and the experimenter hid the lego
piece at the second hiding location. Participants in the false belief and
no false belief condition next were asked the critical question, “When
Sally comes back outside to play, where is she going to look for her red
toy dog?”’ Participants in the memory control condition, identical to
the false belief condition up to the critical question, next were asked:
“Then Sally comes back outside to play. Where did she hide her red
toy dog before she left?” The no false belief and memory control con-
ditions control for placement of an object at a second location in the
sandbox and memory for the original placement of the object, respect-
ively. Both control conditions place task demands on the participant
similar to those in the false belief condition, except that the control
conditions can be solved without ignoring one’s own privileged
knowledge to reason about an actor’s false belief.

Each trial involved a different story. Thus, the box represented a
different continuous hiding location on each trial (garden plot, sand-
box, deep chest freezer, bath tub, forest, and street) and featured a
different set of characters and different hiding objects (hiding objects
were miniature replicas of the objects mentioned in the story; see
http://sandboxtask.weebly.com/for the stories).

There were six trials in total consisting of two trials for each of the
three different trial types (false belief, no false belief, memory control).
Three different versions of the six sandbox scenarios were created. The
six scenarios and object placements were presented in a fixed order.
The three trial types were presented in counterbalanced order within
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each age group. On all trials, 36 cm separated the first and second
hiding locations. One trial of each type involved a second hiding
location to the left of the first hiding location, whereas the other trial
involved a second hiding location to the right of the first hiding
location. Each trial contained a different set of hiding locations. In
between the story and the critical question, participants completed a
45-s visual distractor task (Where’s Waldo), which we administered
to prevent them from using perceptual strategies to guide their search
(e.g., by continuing to fixate on the first hiding location). The exper-
imenter also leveled the Styrofoam peanuts during this time to ensure
that participants could not use surface cues to guide their search esti-
mates. After 45s participants indicated where the protagonist would
look for the object when he or she returned by pointing to the exact
location on the surface of the Styrofoam peanuts. At the end of the
testing procedure, the experimenter used a ruler to score participant’s
search responses on the task, using a set of concealed stickers on the
experimenter’s side of the box that indicated the participants’
responses on each trial. A bias score was calculated for each trial by
measuring the distance away from the first location toward the second
location. This could result in negative, zero, or positive bias scores.
The two bias scores for each trial type were averaged to yield an
average bias score for the three trial types. Lower scores approaching
zero indicate less bias, and by extension, better performance. Higher
scores indicate more bias.

Verbal Memory

We measured verbal memory with the California Verbal Learning
Test-II (CVLT-II). The CVLT-II (Delis, Kramer, Kaplan, & Ober,
2000) assesses learning over repeated trials, susceptibility to memory
interference, and delayed verbal memory. Participants were presented
with 16 standardized items over five trials. Recall was assessed after each
trial, after an interference trial, and again after a 20-min delay. The
Long Delay Free Recall provides an estimate of the amount of verbal
information an individual is able to retain after a delay of approximately
20 min, and performance on this measure was used to index memory.

Executive Function

The Trail-making, Color-Word Interference, and Verbal Fluency subt-
ests of the Delis-Kaplan Executive Functioning System (Delis, Kaplan,
& Kramer, 2001) were used to examine three aspects of executive func-
tioning: mental set shifting, cognitive inhibition, and response moni-
toring, respectively (Miyake, Friedman, Rettinger, Shah, & Hegarty,
2001). For the Trail-making test, we used the commonly reported
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Trails Test B as the dependent variable. The amount of time required
to connect numbers and letters correctly in an alternating pattern is the
score for this measure. The Color-Word Interference subtest
(also known as the “Stroop” task) requires inhibition of a dominant
response (reading) in favor of a less dominant response (color-
naming). An interference score is derived by subtracting the baseline
(color-naming) condition from the higher-level (inhibition) condition.
The Verbal Fluency subtest requires the generation of as many items
beginning with certain letters (e.g., ““S”) as possible within a specified
time frame.

Processing Speed

We assessed processing speed with the Digit Symbol-coding subtest of
the Wechsler Adult Intelligence Scale—III. For this task, the partici-
pant is presented with a series of numbers paired with symbols, and is
required to sequentially draw the paired symbols within the desig-
nated squares as quickly as possible. The total number of correctly
copied symbols served as the raw score for processing speed.

Working Memory

We assessed working memory with the Letter-Number Sequencing
subtest from the Wechsler Adult Intelligence Scale—III. For this task,
the examiner read different combinations of numbers and letters and
the participant was asked to first recall the number(s) in ascending
order followed by the letter(s) in alphabetical order. In order to
advance to the next item, the participant had to complete at least
one of the three trials within the current item successfully. The total
number of correctly recalled items served as the raw score for working
memory abilities. We added this task after we had started testing, and
therefore, only a subset (n =57) of our sample completed this task.

Vocabulary

To index general knowledge of word meanings, we administered both
Vocabulary (V-2) and Extended Range Vocabulary (V-3) from the
ETS kit (Ekstrom, French, Harman, & Derman, 1976). These
multiple-choice tests require participants to select a word closest in
meaning to the target word from a list of five choices. The total score
reflects the number marked correctly, minus a fraction (.25) for each
marked incorrectly to discourage guessing.

Statistical Analysis

Group differences across the demographic and cognitive variables were
examined with one-way analyses of variance (ANOV As). Distributions
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were examined within each age group for extreme values and depar-
tures from normality on the Sandbox task to insure appropriateness
in parametric testing. Fifteen data points (out of 282 possible, or 5%
of the data) emerged as extreme outliers (>3 SD) for the following trial
types: false belief (younger = 6; middle-aged =2; older =0), no false
belief (younger=1; middle-aged=1; older=1), memory control
(younger = 2; older = 2). These values were adjusted, rather than omit-
ted, to make them more contiguous with the data while maintaining
their distal-most ranking in the distribution (Tabachnick & Fidell,
2007). Thus, extreme scores were “‘brought in” to the normal distri-
bution, and assigned scores slightly higher than the highest scores or
slightly lower than the lowest scores within the normal distribution.
Note that we removed one younger participant from further analysis,
because his anomalous performance led to concerns that he did not
understand the task demands.

Because detailing neuropsychological functioning was not a focus of
the current study, we conducted a principal component analysis with
the following seven neuropsychological test scores to reduce the
number of dependent variables: CVLT-II Long Delay Free Recall
total, CVLT Immediate Recall, Trails B completion time, Stroop inter-
ference score, Processing Speed, Verbal Fluency, and ETS Vocabulary
total score. This analysis revealed the presence of two components
with eigenvalues exceeding 1.0, explaining 44% and 18% of the vari-
ance, respectively. The first component included measures of proces-
sing speed, learning and memory, mental set shifting, and cognitive
inhibition. We henceforth refer to this as the Neuropsychological
Ability component. The second component consisted of Vocabulary
and Letter Fluency measures. We refer to this as the Word Knowledge
component. We retained subjects’ factor scores on these two compo-
nents for use in subsequent analyses.

To address our first prediction, we conducted a repeated measures
analysis of variance utilizing a 3 (belief) by 3 (age group) mixed linear
model, in which belief (false belief, no false belief, memory control)
was a within-subject factor and age group (younger, middle-aged,
older) was a between-subject factor. To address our second prediction,
we conducted correlations among our main variables of interest for all
age groups combined and for each age group separately. These can be
seen in Table 1. We then examined the overall (age group combined)
correlations between the cognitive variables and false belief bias. For
each variable that correlated significantly with false belief bias, we
added this as a predictor variable, along with age group in a multiple
regression with false belief bias as the dependent variable. Analyses
were conducted using SPSS 16 software (SPSS, Chicago, IL).
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Table 1. Zero-order correlations
False No false Memory
Neuropsych. Language LNS belief belief control
Age groups combined
Education —.25% 31 —.15 15 .02 .01
Neuropsych. .00 27 —.23% -.31" —.15
Language 22 .14 -.19 —.14
LNS —.11 —.14 .04
False belief 12 —.16
No false belief —.03
Younger adults
Education .00 —.05 -.23 27 —.08 —.07
Neuropsych. .20 -.17 11 .03 —.11
Language 11 —.33* —-.26 —.04
LNS -.19 17 .09
False belief -.17 —.13
No false belief .02
Midle-aged adults
Education .18 .14 .03 .35 .07 —.25
Neuropsych. 35 647 -.10 -.37 .07
Language .35 12 -.20 —.34
LNS 31 —.61 .48
False belief 33 —.06
No false belief -.22
Older adults

Education -.25 29+ —.05 —.09 —.00 .10
Neuropsych. 44~ .80* .03 —.53* —.11
Language .58 .14 -.27 —.18
LNS .37 —.60%* -.30
False belief .06 —.34"
No false belief —.08

Note. Neuropsych. = Neuropsychological ability component score; Language = Word knowl-
edge component score; LNS = Letter-Number Sequencing (completed by a subset of parti-

cipants, N=57).
*p<.05; “p<.10.

RESULTS

Participant Characteristics

Information regarding demographic characteristics and mean perfor-
mance on the variables of interest is presented in Table 2. Not sur-
prisingly, given the truncated educational attainment of the young
adult sample (all were still enrolled in university), the middle-aged
participants were more educated than either the younger or older
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Table 2. Demographic and task means (standard errors)

Younger Middle-aged Older Significant
Variable adults (a) adults (b) adults (c) differences
Age 19.22 (.23) 56.30 (.52) 67.60 (.99) a<b<c
Female/Male 28/9 16/4 28/9 ns
Education 13.22 (.20) 15.10 (.46) 14.35 (.46) a<b,c
CVLT long delay free recall* 13.25 (.34) 10.95 (.60) 10.38 (.58) a>b, c
CVLT—Immediate Recall* 7.53 (.32) 6.35 (.44) 5.38 (.25) a>b, c
Trails B time” 52.32 (2.07) 65.00 (3.62) 84.32 (5.94) a,b<c
Stroop time™ 43.24 (1.31) 50.90 (2.06) 56.54 (1.69) a<b<c
Digit Symbol* 93.22 (2.12) 78.05 (2.36) 67.00 (2.22) a>b>c
Vocabulary* 14.68 (.84) 30.22 (1.46) 26.86 (1.36) a<b,c
Verbal Fluency* 41.16 (1.42) 45.20 (2.79) 43.14 (1.76) ns
Letter-Number Sequencing* 11.92 (.34) 12.62 (.88) 10.11 (.75) a,b>c
False belief bias™ 3.08 (1.80) 8.84 (2.45) 11.70 (1.80) a<b, c
No false belief bias™ 1.47 (.78) 1.74 (1.06) 3.18 (.78) ns
Memory control bias™ 2.94 (1.11) 1.69 (1.51) 5.22 (1.11) ns

Note. *Higher scores reflect better performance.

#lower scores reflect better performance. Significant differences=follow-up planned
comparisons (p < .05) conducted after a significant one-way ANOVA; a <b, ¢ =younger group
significantly less than middle-aged and older group, which do not differ from each other.

adults. As expected, younger adults generally outperformed older
adults on the measures of processing speed, learning/memory, and
executive functioning, and exhibited less word knowledge than
middle-aged or older adults. The gender composition was similar in
all age groups.

False Belief

Consistent with our predictions, a main effect emerged for belief F{(2,
182)=11.84, p <.001, ;7}2) = .11, indicating that bias was greatest in
the false belief condition (M =7.87, SE=1.18) compared to the no
false belief (M =2.13, SE=.51) and memory control (M =3.29,
SE=.72) conditions. Furthermore, a main effect emerged for age
group F(2, 91)=9.33, p <.005, 1712) = .17, indicating that older adults
exhibited more biased performance overall (M =6.70, SE=.69) than
the middle-aged adults (M =4.09, SE = .94), who showed more bias
overall than younger adults (M =2.50, SE=.69).

Importantly, these effects were qualified by a significant Belief x
Age Group interaction, F(4, 182)=2.45, p=.05, 11123 = .05 (see
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Figure 1. Mean bias score in cm for false belief, no false belief, and mem-
ory control conditions in the Sandbox task. A score of 0 indicates no bias
toward the second location; a positive score indicates bias toward the second
location. Error bars are standard errors.

Figure 1).! To explore this interaction further, we conducted three
separate one-way ANOVAs on each of the three levels of belief, using
age group as the between-subject factor. This resulted in a significant
effect of age group for false belief F(2, 93)=5.85, p < .01, but not for
no false belief F(2, 93)=1.33, p=.27, or memory control F(2, 93)=
2.04, p=.14. Follow-up planned contrasts revealed that younger adults
(M =3.08, SEM =1.23) showed less false belief bias than middle-aged
adults (M =8.84, SEM =2.83), #(55)=2.16, p=.03, and older adults
(M=11.70, SEM=2.10), #55)=3.54, p=.001. Middle-aged and
older adults did not differ in terms of their false belief bias ( < 1.0).
We then addressed our second research question, which was
whether age differences in false belief bias were modified by perfor-
mance in other cognitive domains. Toward this end, we first exam-
ined the correlations between potential cognitive variables and
belief. As can be seen in the top section of Table 1, neuropsychologi-
cal ability correlated significantly with false belief bias and
no false belief bias when we considered all age groups combined.

"Mauchly’s sphericity was significant, indicating that the variances associated with our dif-
ferent age groups on the dependent variable differed. In fact, in the two older adult age groups,
the variances in the false belief condition were nearly twice those of the no false belief and
memory control conditions. Correcting for the violation of sphericity using Huynh-Feldt
changed the interaction only slightly F(3, 141) =2.45, p = .06.



496 D. M. Bernstein et al.

However, as can be seen in the three bottom sections of Table 1, these
correlations largely disappeared when we considered each age group
separately. To test more conservatively whether neuropsychological
ability accounted for the age group differences in false belief bias that
we observed, we conducted a multiple regression with false belief bias
as the dependent variable and age group and neuropsychological
ability entered in succession as predictor variables. Only age group
accounted for significant variance in false belief bias (R2 =

han
.11, p =.001). Neuropsychological ability failed to account for ggny
additional variance in false belief bias (Rghange = .00, p = .89). These

results show that neuropsychological ability did not account for the
age-related differences in false belief bias that we observed.”

DISCUSSION

We began this study with a simple question: How does false belief
understanding, an important facet of mental state reasoning and
ToM, change from younger to older adulthood? We administered a
continuous false belief task that was designed to measure mental state
reasoning across the life span (Sommerville et al., 2010); however, we
focused here on younger, middle-aged, and older adults. As expected,
middle-aged and older adults exhibited more false belief bias than did
younger adults. Importantly, this difference was not accounted for by
several cognitive variables that have been shown in previous work to
account for much of the difference between younger and older adults
on ToM tasks, namely language ability, executive function, proces-
sing speed, and memory (Bailey & Henry, 2008; Bull et al., 2008;
German & Hehman, 2006; Sullivan & Ruffman, 2004).

What is unique about the current study is that we used a continu-
ous measure of false belief (the Sandbox task) to distinguish mental
state reasoning performance among younger, middle-aged, and older
adults. Most previous work has focused on younger and older adults

?Because Location A was the correct location in all three trial types in the Sandbox task,
participants could have learned this fact over subsequent trials and thereby shown reduced bias
scores over trials. We tested for this possibility by conducting a repeated measures ANOVA
with trial number (1-6) as the within-subject factor and age group (younger, middle-aged,
older) as the between-subject factor. This resulted in a main effect for trial number F(5,
86)=3.27, p=.01, 11!2, =.16,, and age group F(2, 90)=3.86, p=.02, r]ﬁ = .08. The interaction
was not significant (p =.39). Further exploration of the trial number main effect, the effect of
interest here, revealed that bias scores fluctuated over trials for all three age groups, but did not
decline over trials in any of the age groups. This result clearly shows that, over trials, parti-
cipants failed to learn that Location A was the correct location.
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only (60 years of age and older). One previous study included
younger, middle-aged, and older adults and showed that emotion
understanding, an important facet of mental state reasoning, begins
to decline in middle age (Pardini & Nichelli, 2009). We replicated
and extended this data pattern here by generalizing the age-related
decline in ToM to a new perspective-taking false belief task.

Although theories abound as to why developmental changes to
ToM abilities occur in childhood (see Wellman et al., 2001, and com-
mentaries), we are left with few theories to explain why an apparent
decline in these abilities emerges in midlife and continues through
older age. Age-related declines are well-documented on more “fluid”
aspects of cognition such as processing speed, working memory, and
executive function (Baltes, 1987; Craik & Bialystok, 2006). These
abilities have been linked to performance on false belief and other
ToM tasks in children as well as younger and older adults. To the
extent that mental state reasoning abilities are compiled from these
basic mental abilities that tend to decline with age, related declines
in mental state reasoning should also emerge. Consistent with this
view are previous findings demonstrating that age-related declines
on certain ToM tasks are mediated in part by declines in “fluid”
aspects of domain-general cognitive functioning (Maylor et al.,
2002; Sullivan & Ruffman, 2004).

Nonetheless, some prior work also described age-related changes
to ToM that are independent of domain-general cognitive abilities
such as executive function, processing speed, and memory (Sullivan
& Ruffman, 2004). Similarly, our findings suggest that although
performance on such domain-general measures is associated with
false belief bias, the age differences observed are independent of these
cognitive abilities.

Notably, we did not manipulate cognitive load and executive func-
tion while participants completed the Sandbox task in the present
study. Other work has demonstrated the utility of directly manipulat-
ing cognitive load in younger (Bull et al., 2008) and older participants
while they complete ToM tasks (McKinnon & Moscovitch, 2007).
Future work should explore the effects of dual tasks and cognitive
load on performance using a battery of tasks believed to tap different
aspects of ToM, including the Sandbox task. This approach could be
used with adult and aging populations, as well as children.

A cautionary note about using a battery of tasks to tap different
aspects of ToM is in order. Tasks believed to measure the same under-
lying construct (e.g., inhibition) do not always correlate with each
other (see Friedman & Miyake, 2004). Similarly, tasks believed to mea-
sure ToM in adults (e.g., The Mind in the Eyes task, the Stories task)
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do not always correlate with each other (Brent, Rios, Happe, &
Charman, 2004; Roeyers, Buysee, Ponnet, & Pichal, 2001). A general
problem facing researchers wishing to develop new measures of an
established construct is that they must demonstrate that their new
measure correlates with existing measures. If the existing measures cor-
relate modestly with each other, then the new measure will likely only
correlate modestly with these other measures. Inconsistent and weak
correlations reported in the literature among ToM tasks, especially
adult ToM tasks, indicate that these tasks are not only measuring
different aspects of ToM, but that ToM is not a unitary construct.

Assuming that ToM is a collection of different cognitive and social
abilities, we maintain that inconsistencies in the literature with respect
to what underlies adult age differences in ToM could be due to the
specific component processes required to perform different ToM
tasks. For example, Bailey and Henry (2008) used a task developed
by Samson and colleagues (the reality-unknown task) to measure false
belief deficits that require different levels of self-perspective inhibition.
The reality-unknown task manipulates inhibitory demands across dif-
ferent experimental conditions (low versus high inhibition). Bailey and
Henry found that older adults outperformed younger adults on the
high-inhibition version of the reality-unknown task; however, perfor-
mance on the Stroop task, a measure of inhibition, accounted for this
age-related difference in ToM. The Sandbox task, in contrast to the
reality-unknown task, contains various levels of inhibitory demand,
but it does not manipulate these demands directly. Moreover, in the
present study, inhibition, also measured by the Stroop task, correlated
with false belief performance on the Sandbox task; however, inhi-
bition did not account for the age difference observed on the false
belief condition of the Sandbox task. One reason for these results is
that the Sandbox and reality-unknown tasks likely tap different
aspects of ToM. Future work should explore the specific component
processes underlying different adult ToM tasks.

German and Hehman (2006) argue for using what is called the
minimal pair design in which the experimenter manipulates content
between two conditions in an experimental task via the smallest
change possible. Such an experimental design permits more precise
interpretation of task-relevant performance differences. The Sandbox
task can be construed as using a minimal pair design in that the three
belief conditions reported in the current study differ either by slight
wording or slight changes to the story.

Given the structure of the Sandbox task, one may wonder what
exactly it measures. The Sandbox task taps false belief (and by exten-
sion, ToM) errors on a continuum. The task measures subjects’ bias
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scores toward the second location in three different belief conditions
(false belief, no false belief, memory control). By “bias,” we mean
the relative “pull” away from the correct location toward the incorrect
location in the box. If this pull differs across the three belief conditions
and across the adult life span, as it does, we conclude that younger
adults show less false belief bias than do middle-aged and older adults.

Our findings also suggest that models for how an understanding of
beliefs develops might be reconsidered. Most of the developmental
literature on ToM depicts children’s understanding of beliefs as
developing in a discontinuous, categorical fashion: Children either
have the concept of belief, or they do not. From this perspective, once
this understanding is acquired, adults can consistently use a person’s
belief state to predict that person’s future actions, even when that
belief state conflicts with reality. Thus, the development of under-
standing beliefs is much like a light switch that can go from being
set in the off position (e.g., no understanding that beliefs can conflict
with reality), to being set in the on position (e.g., understanding that
beliefs can conflict with reality).

Given our findings, as well as those of other laboratories (Apperly,
Samson, & Humphreys, 2009), we suggest that false belief reasoning
may follow a more continuous, graded, U-shaped development. We
argue that false belief tasks have two primary components: the ability
to represent another’s belief state, and the ability to ignore the pull of
reality and/or one’s own privileged knowledge. Developmental change
occurs as a function of the relative dominance and contribution of
these two abilities. From this perspective, false belief reasoning is more
like a dimmer switch, with one end of the switch representing reality,
and the other end of the switch representing a particular belief state.
Our Sandbox task permits fine-grain assessment of the relative amount
by which people are biased by their own privileged knowledge of
reality when estimating what a naive person knows.

The current findings add to a growing body of research indicating
that social reasoning, everyday problem solving, cognitive empathy,
and social functioning show reliable declines with increasing age
(Pratt, Diessner, Pratt, Hunsberger, & Pancer, 1996; Thornton &
Dumke, 2005). Although it may be presumed that empathy and men-
tal state reasoning are required for successful social functioning, it
will be important for future research to investigate the functional
implications of these findings. Furthermore, the cross-sectional
nature of this and other studies limits our ability to draw causal infer-
ences. Future longitudinal investigations may shed additional light on
important questions regarding the mechanisms underlying the age
differences in ToM that we observed.
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CONCLUSION

False belief errors persist throughout life, and are magnified in
preschoolers and again in later adulthood. In some studies, these dif-
ferences in false belief understanding and mental state reasoning
appear to be due in part to differences in executive function (Bull
et al., 2008; German & Hehman, 2006; McKinnon & Moscovitch,
2007). In the current study, middle-aged and older adults showed
more false belief difficulty than did younger adults; however, these
age-related differences in ToM were not due to age group differences
in language ability, executive functioning, processing speed, or mem-
ory. We therefore conclude that ToM, as measured by a continuous
false belief task, decreases from younger to older adulthood irrespec-
tive of age-related changes to other aspects of cognitive functioning.
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