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Objectives: Theory of mind (ToM) performance in aging and dementia of the Alzheimer type (DAT) has been a growing interest of
researchers and recently, theoretical trends in ToM development have led to a focus on determining the cognitive skills involved in ToM
performance. The aim of the present review is to answer three main questions: How is ToM assessed in aging and DAT? How does ToM
performance evolve in aging and DAT? Do cognitive processes influence ToM performance in aging and DAT?

Method: A systematic review was conducted to provide a targeted overview of recent studies relating ToM performance with

cognitive processes in aging and DAT.

Results: Results suggest a decrease in ToM performance, more pronounced in complex ToM tasks. Moreover, the review points up
the strong involvement of executive functions, especially inhibition, and reasoning skills in ToM task achievement.
Conclusion: Current data suggest that the structure of ToM tasks itself could lead to poor performance, especially in populations

with reduced cognitive abilities.
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1. Introduction

Theory of mind (ToM) refers to the ability to attribute
mental states such as belief, desires and knowledge to
oneself and others (Premack & Woodruff, 1978). This
competence is considered essential for social functioning
because it enables individuals to understand and predict
others’ behavior. Literature investigating ToM has a long
tradition of research, especially in children, and many
tasks have been constructed to try to understand how peo-
ple attribute mental states to others.

Developmental literature currently agrees about the
progressive acquisition of two different levels of represen-
tation when reasoning about others’ mental states: we can
distinguish between tasks assessing abilities to construct
‘simple’ representations of another person’s mental states
(as beliefs or thoughts, i.e. “What does Paul think”) and
tasks assessing more complex attributions. The latter
assess the ability to build the representation of one per-
son’s mental state about a second person’s mental state
(i.e. “What Paul thinks that Mary thinks’). Learned in late
childhood, these attributions are considered to require
more cognitive resources (for a review, see Miller, 2009).
Although there has been some recent interest in the litera-
ture in identifying more general cognitive resources
involved in attributing mental states to others, two diverg-
ing theoretical aims are currently discussed in the research
on ToM abilities. Studies on the early development of
ToM abilities focus either on determining the existence
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of a ToM component with the independent functioning of
other cognitive processes (see Baron-Cohen, 1995 for a
review) or on specifying the existence of a more shared
network of competences, interacting in attributing mental
states, such as with language skills (de Villiers & Pyers,
2002; Lohmann & Tomasello, 2003) or executive function
development (Carlson, Moses, & Claxton, 2004). More
recently, researchers have focused on a more ‘integrated’
approach, attempting to match these two conflicting theo-
retical trends. It is suggested that there may be a specific
ToM component but its interaction with more general
resources, such as executive functions, is necessary for
optimal ToM competences in children (Stone & Gerrans,
20006; for experimental studies, see also Leslie, German,
& Polizzi, 2005; Leslie & Polizzi, 1998). To illustrate this
approach, it is proposed that an innate ‘module’ of ToM is
active in early childhood, manifesting for instance through
a detecting gaze direction task (Onishi & Baillargeon,
2005; Surian, Caldi, & Sperber, 2007) but in middle child-
hood, performance on ToM tasks such as first-order false
beliefs (Wimmer & Perner, 1983) and second-order false
beliefs (Perner & Wimmer, 1985) may depend on more
non-specific cognitive abilities, such as executive compe-
tence, to successfully attribute the character’s belief
(Gerrans, 2003; Stone & Gerrans, 2006). Although these
data point to a direct interdependence between ToM task
performance and cognitive/executive resources, it is still
not clear if cognitive/executive functions are needed for



the development of ToM abilities (Carlson & Moses,
2001) or only for the expression of innate ToM abilities
(Leslie, Friedman, & German, 2004).

Over the past two decades, ToM performance in
healthy aging has been a growing interest of researchers.
Traditionally investigated in children with the aim of out-
lining a developmental pattern of acquisition, more
recently ToM has been studied in the opposite develop-
mental continuum with the principal purpose to under-
stand how ToM abilities evolve in healthy aging. For
example, to our knowledge the princeps study of Happé,
Winner, and Brownell (1998) was one of the first to assess
ToM performance in healthy aged participants, compared
to young adults. With an assessment based on short sto-
ries, they found that their elderly group of participants
was better at attributing mental states than young adults.
The authors suggested that this result may be due to the
particular cognitive profile of their elderly group, who
presented better verbal abilities than the young adults.
However, this result is quite isolated and contrary to later
studies assessing ToM in healthy aging, which report a
mostly significant inferior performance of healthy aged
participants compared to young adults (Castelli et al.,
2010; McKinnon & Moscovitch, 2007; Pardini &
Nichelli, 2009), with variable cognitive measures per-
formed in order to control for cognitive efficiency in
doing ToM tasks. Since the initial studies on ToM in
aging, research has evolved in line with recent studies on
the probable interaction of ToM performance with cogni-
tive processes (for a review, see Apperly, Samson, &
Humphreys, 2005). The expansion of research on the
decrease of particular cognitive processes in healthy
aging, such as executive abilities (Belleville, Rouleau, &
Van der Linden, 2006; Fisk & Sharp, 2004), has also
helped to increase interest in the cognitive basis of ToM
difficulties in aging. As suggested by Happé’s princeps
study and given the diversity of the ensuing literature on
ToM in aging, it would be interesting to look at studies
that explicitly account for the cognitive profile of their
elderly participants in order to better understand the con-
tributions of cognitive processes in ToM performance.

In parallel with the research on healthy aging, studies
on ToM abilities in pathological aging have increased due
to the improvement in knowledge emphasizing cognitive/
emotional profiles in different neurodegenerative patholo-
gies. The growing interest in the impacts that these partic-
ular profiles may have on social interactions has led to
numerous studies, especially on social cognition in the
behavioral variant of fronto-temporal dementia (for a
review, see Kipps & Hodges, 2006). Concerning dementia
of the Alzheimer type (DAT), patterns of ToM perfor-
mance that have been found are less clear. Although a
decrease in empathy and emotional difficulties are identi-
fied in the literature (Henry, Rendell, Scicluna, Jackson,
& Phillips, 2009; Phillips, Scott, Henry, Mowat, & Bell,
2010), studies on social cognitive skills, such as attribut-
ing mental states to others, have shown less agreement.
Participants with probable Alzheimer’s dementia seem to
be impaired in complex ToM tasks with a high demand on
reasoning skills and executive functions, but those studies

do not account for such substantial difficulties in tasks
with less demand on cognitive resources (Fernandez-
Duque, Baird, & Black, 2009; Zaitchik, Koff, Brownell,
Winner, & Albert, 2006).

To summarize, current research indicates that ToM
abilities may be understood within an integrated concep-
tion as relying on both a specific ToM component and
general cognitive resources. As studies on aging and DAT
show a decrease in ToM performance, it would be rele-
vant to investigate specifically how cognitive competen-
ces may interact with ToM performance, compared to
young and middle adulthood. Recently, some literature
reviews attempted to identify general trends in ToM abili-
ties, both in healthy aging (Moran, 2013) and neurodegen-
erative diseases (Kemp, Després, Sellal, & Dufour, 2012;
Poletti, Enrici, & Adenzato, 2012). Although these
reviews also address the contribution of general cognitive
processes in ToM abilities, they do not focus selectively
on their relationships to ToM performance. Moreover, the
variability of cognitive difficulties in aging and DAT (for
a recent account concerning DAT, see Weintraub,
Wicklund, & Salmon, 2012) could be especially informa-
tive in pointing to the most predictive cognitive dimen-
sions involved in attributing mental states.

This review provides an overview of the literature on
ToM performance in aging and DAT and its relationship
with more general cognitive resources. The aim, for theo-
retical purposes and considering the experimental data
outlined above, is to answer three main questions:

1.1. How is ToM assessed in aging and DAT?

The interest in ToM performance in aging is quite recent
compared to developmental studies in children. As the
majority of ToM tasks were initially created to explore
acquisition patterns of ToM competences, we wanted to
get an overview of ToM tasks in adult assessment. The
review also aims to determine if ToM assessment in adult-
hood includes tasks with progressive degrees of difficulty.

1.2.  How does ToM performance evolve in aging
and DAT?

Studies on ToM in aging and DAT have found interesting
evidence of a probable decline in ToM performance. Nev-
ertheless, given the various existing ToM tasks, we wanted
to determine if performances are equally affected in the
differing degrees of task complexity. A systematic review
of recent work on both ‘normal’ and pathological aging
could provide a more continuous overview of the develop-
ment of ToM performance, from young adulthood to aging
and from healthy aging to pathological conditions.

1.3. Do cognitive processes influence ToM perfor-
mance in aging and DAT?

The major aim of the review was to outline the specific
involvement of cognitive processes in ToM performance.
Particularly, this review aimed to determine which cogni-
tive processes are more related to ToM performance and



to what extent these processes account for the variability
in ToM performance.

2. Methodology
2.1. Article selection
2.1.1.  Data sources and keywords

In July 2013, we searched the Web of Science (Web of
Knowledge), Psyc’INFO, Medline (EBSCOhost) and
PubMed databases. We limited our selection to publica-
tions in English language scientific journals with a peer
review process. The core subject ‘theory of mind’ was
systematically paired with each of the following key-
words: ‘aging’ and ‘elderly’ for normal aging, and
‘Alzheimer’ and ‘dementia’ for the pathological dimen-
sion of aging.

2.1.2. Exclusion/inclusion criteria

Following current guidelines on systematic reviews (Petti-
crew & Roberts, 2006), criteria for exclusion/inclusion of
publications were selected to address the research ques-
tions (see Section 1). As the review focuses on ToM per-
formance in healthy aging and DAT, publications that
assessed target groups with genetic disease, mental retar-
dation, psychopathology, traumatic brain injury, semantic
dementia and frontotemporal dementia only were
excluded. Studies that assessed ToM performance in par-
ticipants with frontotemporal dementia and DAT com-
pared to a control group were included but only the
performance of participants with DAT was taken into
account (Gregory et al., 2002; Le Bouc et al., 2012).
Forty-seven publications were preliminary retained. Then,
according to our research objectives, other specific exclu-
sion/inclusion criteria were applied. More specifically, we
excluded the following:

e Publications before 1995 and those belonging to a
category other than an experimental study in order
to get an overview of recent research on ToM per-
formance and related cognitive processes. Accord-
ing to this criterion, four reviews were excluded.

e Given the increasing interest in the literature in
comparing cognitive components of ToM perfor-
mance with affective components, five publications
exclusively studying empathy abilities and/or the
emotional component of ToM (e.g. emotion recog-
nition) were excluded. When studies assessed both
the cognitive and emotional components of ToM
performance, they were included in the review
(Laisney et al., 2013; Wang & Su, 2013). However,
results on affective ToM performance were not dis-
cussed as the review focused only on cognitive
components of ToM.

Concerning inclusion criteria:

e In order to have reliable data on ToM performance
in aging and DAT, only publications with a target
group (probable Alzheimer disease or healthy aged
adults) and a control group (healthy aged adults or

healthy young/middle-aged adults) containing 10 or
more subjects were included. Four publications did
not reach this criterion and were excluded. One
study retained (Charlton, Barrick, Markus, &
Morris, 2009) did not a priori define a target group
as the authors aimed to assess ToM performance
over a wide age span in healthy aging. However,
since they split the population into four age groups
and given the objectives of the review, the two old-
est groups of participants in the Charlton et al.
(2009) study were selected as the two target groups
in the review.

e Finally, to identify which cognitive processes are
related to ToM performance, only publications
relating statistically cognitive performance and
ToM abilities in the target groups were included.
Twelve other publications did not reach this last cri-
terion and therefore were excluded.

Finally, a total of 22 studies reviewed met the exclusion/
inclusion criteria. Fourteen assessed healthy aged adults
as the target group, five assessed probable Alzheimer par-
ticipants as the target group, two assessed both frontotem-
poral dementia and probable Alzheimer participants as
target groups (Gregory et al., 2002; Le Bouc et al., 2012),
and one assessed probable mild cognitive impairment
(MCI) as the target group (Baglio et al., 2012). This study
was retained because of the relevance of data on ToM per-
formance in a population with probable MCI to under-
stand potential differences between healthy and
pathological aging.

3. Results
3.1. ‘Theory of mind’ assessment

Given the diversity of experimental tasks used in the pub-
lications reviewed, for clarification purposes ToM tasks
were classified according to two dimensions: their assess-
ment modality (verbal or visual) and their demand on rea-
soning skills. Concerning the level of reasoning
complexity and on the basis of the literature on progres-
sive achievement of ToM tasks, tasks with no reasoning
about mental states were classified as low level, such as
the Eye Direction Detection task (Baron-Cohen, Camp-
bell, Karmiloff-Smith, Grant, & Walker, 1995) or the
Revised Eyes test (Baron-Cohen, Wheelwright, Hill,
Raste, & Plumb, 2001). Tasks assessing a ‘simple’ mental
state attribution (i.e. “What does Paul think’) were classi-
fied as requiring medium-level reasoning skills and tasks
assessing complex mental states attribution (i.e. “What
Paul thinks that Mary thinks’) as the highest level. Some
ToM tasks were already classified by level of cognitive
complexity in the studies reviewed (e.g. the Tom’s taste
task as requiring high-level reasoning skills in the Duval,
Piolino, Bejanin, Eustache, & Desgranges (2011) study).
The complete distribution of the different ToM tasks
used in the 22 studies reviewed is presented in Table 1.
Depending on the population assessed (healthy aged,
probable Alzheimer and MCI participants), tasks do not
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generally differ. Both target groups are assessed with sim-
ilar tasks, such as ToM stories and false belief paradigms.
Tasks reviewed with mid- and high-level reasoning skills
have a control condition which is structured in the same
way as experimental tasks, but in which participants have
to reason about a physical causality. These control tasks
are used to ensure that participants are able to reason
about a simple causality effect. In the case of specific defi-
cits in experimental tasks but preserved performance in
control tasks, the origin of the difficulties can be inferred
in terms of ToM impairment.

For tasks with low-level reasoning skills, studies used
mostly the Revised Eyes Test from Baron-Cohen et al.
(2001) (for instance, Bailey & Henry, 2008). In most of
the studies, tasks that were chosen require mid-level rea-
soning skills, such as the first-order false belief paradigms
(for instance, Duval et al., 2011), the ToM stories (for
instance, German & Hehman, 2006) and the Strange sto-
ries from Happé (1994) (for instance, Baglio et al., 2012).
Finally, for tasks with high-level reasoning skills, only
five of the studies reviewed used a second-order false
belief paradigm (Baglio et al., 2012; Castelli et al., 2011;
Duval et al., 2011; Gregory et al., 2002; Laisney et al.,
2013). A last observation emerging from this review is
that most of the studies assessed ToM abilities with more
than one task (for instance, Gregory et al., 2002), and
some of them with the assumption that healthy aged
(Duval et al., 2011), probable Alzheimer (Castelli et al.,
2011; Laisney et al., 2013) and MCI participants (Baglio
et al., 2012) can achieve the rather simple ToM tasks but
will have less success in the complex ones, which require
greater integrity of ToM abilities and cognitive resources.

3.2. ‘Theory of mind’ performance

In order to outline ToM abilities in aging, Alzheimer type
dementia and MCI, we considered performance to be
impaired if the target group scores (healthy aged, probable
Alzheimer and MCI participants) were significantly lower
(p < .05) than their control group scores.

The majority of the studies suggest that the target
groups (healthy aged, probable Alzheimer and probable
MCI participants) perform generally worse (p < .05) than
their control groups (Table 1). Specific deficits according
to the level of reasoning complexity in the tasks are diffi-
cult to identify because both healthy aged and probable
Alzheimer participants present variable patterns of diffi-
culties for tasks with low- and mid-level reasoning skills
between studies. For instance, healthy aged participants
seem to be impaired in resolving ToM stories compared
to healthy young control participants, as in the German &
Hehman (2006) study, but one study did not find such sig-
nificant differences (Sullivan & Ruffman, 2004). Like-
wise, in the Laisney et al. (2013), Le Bouc et al. (2012)
and Youmans and Bourgeois (2010) studies, probable
Alzheimer participants failed a first-order false belief task
paradigm compared to healthy aged participants but simi-
lar results were not reported in one study using the same
paradigm (Gregory et al., 2002). However, for studies
using Happé’s Strange stories (1994), the results for both

target groups were very similar. Indeed, only the Baglio
et al. (2012) study did not report any significant differen-
ces in ToM performance for probable MCI participants
compared to healthy aged participants. In the Charlton
et al. (2009) study, the oldest group of participants (over
80 years old) had a poorer performance on Happé’s
(1994) Strange stories than the other three groups, while
the youngest group (between 50 and 59 years old) sur-
passed the three older groups. Thus, the heterogeneity of
results for mid-level reasoning tasks may be caused by the
diversity of the tasks reviewed, which assessed ToM with
various stimuli (verbal, visual static and visual dynamic in
the Sullivan and Ruffman (2004) study), but could also be
caused by the variability of participant characteristics,
such as age (Charlton et al., 2009) and cognitive profiles
(Baglio et al., 2012).

For tasks with high-level reasoning skills, the review
indicates substantial consensus. Both healthy aged and
probable Alzheimer participants present significantly
lower scores than their control groups. Surprisingly, the
Laisney et al. (2013) study is the only one that did not
report a significantly lower performance by probable Alz-
heimer participants than healthy aged participants on a
second-order false belief task. However, this study noted
that the performance of the control group on the second-
order false belief task was significantly lower than on the
first-order false belief task, while any differences between
the two tasks were observed for probable Alzheimer par-
ticipants. These difficulties for control participants in
completing complex tasks could explain the lack of signif-
icant differences between the two groups. Moreover,
questions may be asked regarding the pertinence of using
a single control group matched on age when probable Alz-
heimer participants are assessed. Indeed, if healthy adults
present some difficulties in resolving complex tasks and
performance within this group is not taken into account, it
could mask probable Alzheimer participant deficits.
Therefore, some discrepancies between studies could also
be explained by the control group performance.

Another interesting result was observed in control
tasks: some studies showed that participants demonstrated
difficulties in resolving control tasks, in both healthy aged
and probable Alzheimer participants (Duval et al., 2011;
German & Hehman, 2006; Keightley, Winocur, Burioa-
nova, & Hongwanishkul, 2006; Le Bouc et al., 2012; Sles-
sor, Phillips, & Bull, 2007; Verdon et al., 2007; Zaitchik,
Koff, Brownell, Winner, & Albert, 2004), a result which
is hardly compatible with a specific ToM deficit. More-
over, even when ToM and control tasks were strictly
matched for executive demand, difficulties on control
tasks were observed in young healthy subjects (German &
Hehman, 2006), tending to suggest that cognitive demand
may determine performance, regardless of whether the
task includes mental states or not.

To sum up, according to the degree of task complex-
ity, the review shows a general trend in ToM perfor-
mance, with the simplest reasoning tasks completed better
than the most complex tasks for the three target groups,
suggesting an involvement of cognitive processes in ToM
performance. To explore this hypothesis, the next section



examines more specifically the cognitive processes
involved in ToM performance.

3.3. Cognitive processes and ‘theory of mind’ perfor-
mance in aging and Alzheimer type dementia

The different cognitive processes assessed in the studies
reviewed cover five major cognitive dimensions: execu-
tive functions (n = 18), vocabulary level (n = 11), proc-
essing speed (n = 8), logical reasoning (n = 6) and
episodic memory (n = 6). In order to identify particular
cognitive processes involved in ToM abilities, the rela-
tionships between cognitive processes and ToM abilities
for the target groups are listed according to their degree of
statistical significance (p < .05, p < .01 and p < .001).
With respect to the significant correlations reviewed
(Table 2), it can be seen that executive functions have
many significant relationships with ToM performance. In
all studies performing a correlation analysis, only one did
not find any significant results with the target group (Bern-
stein, Thornton, & Sommerville, 2011). Correlations per-
formed are often quite strong, with significant results at
p < .01 (for instance, Bailey & Henri, 2008) and p < .001
(for instance, Le Bouc et al., 2012) for all target groups
assessed (healthy aged, probable Alzheimer and MCI par-
ticipants) and all levels of reasoning complexity of the
tasks. For other cognitive dimensions assessed, studies
also found some significant and strong relationships with
the different ToM tasks and for all target groups: episodic
memory (for instance, Castelli et al., 2011), vocabulary
(for instance, Cavallini, Lecce, Bottiroli, Palladino, &
Pagnin, 2013), logical reasoning (for instance, Baglio
et al., 2012) and processing speed (for instance, Li et al.,
2013). The significant correlations observed between
vocabulary level and ToM performance might be partly
explained by the verbal modality of tasks in Cavallini
et al. (2013), Charlton et al. (2009), Maylor, Moulson,
Muncer, and Taylor (2002) and Sullivan and Ruffman
(2004) studies (ToM stories and Strange stories from
Happé (1994)). However, not all statistical analyses pres-
ent significant correlations between ToM performance
and cognitive processes. For executive functions, some
measures of flexibility did not demonstrate any relation-
ships to ToM performance (for instance, Bailey & Henry,
2008); the same was true for inhibition (for instance, Lais-
ney et al., 2013) and updating measures (for instance, Le
Bouc et al., 2012). For other cognitive competences, epi-
sodic memory (for instance, German & Hehman, 2006),
processing speed (for instance, Rakoczy, Harden-Kasten,
& Sturm, 2012) and vocabulary level (for instance,
Keightley et al., 2006) also failed to demonstrate any sig-
nificant relationships to ToM performance. Finally, con-
cerning correlation analyses, performances on control
tasks also present some significant relationships with
executive functions (inhibition: Bailey & Henry, 2008;
Bernstein et al., 2011; German & Hehman, 2006; flexibil-
ity: Bailey & Henry, 2008; Bernstein et al., 2011; Castelli
et al., 2011; Maylor et al., 2002; and updating: Cavallini
et al., 2013), vocabulary (German & Hehman, 2006; May-
lor et al., 2002; Rakoczy et al., 2012), processing speed

(German & Hehman, 2006) and logical reasoning
(Castelli et al., 2011; Sullivan & Ruffman, 2004).

To go further than the relationships presented above,
significant regression and mediation analyses (p < .05,
p < .01 and p < .001) are also presented in Table 2. Stud-
ies reviewed found some significant and important
involvements of cognitive processes in ToM abilities in
healthy aged participants and probable Alzheimer partici-
pants. More precisely, performance on executive func-
tions presents an important contribution to ToM task
achievement, as suggested by regression analyses: inhibi-
tion as in the Bailey & Henry (2008) study, updating as in
the Phillips et al. (2011) study and the composite scores
as in the Duval et al. (2011) study. Moreover, mediation
analyses show that inhibition performance (Bailey &
Henry, 2008; Li et al., 2013), updating performance (Li
et al, 2013) and executive functions composite score
(Charlton et al., 2009; Rakoczy et al., 2012) can totally
explain ToM task performance: once the variability in the
executive measures is accounted for, the variable age is
no longer a significant predictor of ToM performance.
Conversely, the Wang and Su (2013) study reports that
once age is taken into account, their inhibition measure is
no longer a significant predictor of ToM performance.
One explanation of this result could be that they split their
ToM task according to the cognitive or affective compo-
nents of stories, reducing the number of items in each cat-
egory and weakening their cognitive ToM measure. The
strong involvement of cognitive dimensions in ToM per-
formance is also shown with processing speed (Charlton
et al., 2009; Li et al., 2013; Rakoczy et al., 2012) and with
a measure of logical reasoning (Charlton et al., 2009).
The review also points to more moderate results with
some cognitive processes that account for only part of the
variance in ToM performance (executive functions as
updating and composite scores (Duval et al., 2011; Phil-
lips et al., 2011), vocabulary (Charlton et al., 2009;
Maylor et al., 2002) and processing speed (German &
Hehman, 2006; Maylor et al., 2002; Rakoczy et al.,
2012)). In the Duval et al. (2011) study, the moderate
involvement of their composite score of executive func-
tions is related to second-order false belief performance,
contrary to performance on the first-order false belief
tasks, which is totally mediated by executive functions.
This result tends to demonstrate that for high-level reason-
ing tasks, more complex interaction between cognitive
processes is involved. The involvement of vocabulary
level can be explained by the verbal modality of tasks
(Strange stories from Happé (1994) in the Charlton et al.
(2009) and Maylor et al. (2002) studies). Finally, as for
correlation analyses, the Bernstein et al. (2011) study
does not report any significant results. One possible expla-
nation for this lack of significant results is that the authors
used a score derived from principal component analysis to
assess relationships between ToM performance and cogni-
tive processes. It is possible that one target cognitive
dimension instead of a global score derived from a com-
ponent analysis would account better for ToM perfor-
mance in this particular ToM task (the Sandbox task
adapted from Sommerville, Bernstein, & Meltzoff, 2013).
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Table 2. (Continued)

Relationships with cognitive processes

Cognitive

Processing

Logical
reasoning

Episodic

profile

speed

memory Vocabulary

Updating Flexibility

Inhibition

EF

Analyses performed by study

S-Stories™/

S-Stories™/

Sullivan and Ruffman (2004 ): correlation

ToM stories

ToM stories

Cartoons task™

Verdon et al. (2007): regression

ok

S-Stories

EES

S-Stories

Wang and Su (2013): correlation

S-Stories

S-Stories

regression

Youmans and Bourgeois (2010): correlation

Zaitchik et al. (2004): correlation

1*t and 2™ FB*

1%t and 2™ FB

1%t and 2™ FB**

lst FB**

» < .001; EF: composite score or principal component analyses based on executive measures;

Hkk

Note: “German and Hehman (2006) did not provided the p-value but the result was significant. Significant correlation or regression at “p <. 05, at *p < .01 and

cognitive profile: assessed with the MMSE (Folstein et al., 1975) in the Verdon et al. (2007) and Youmans and Bourgeois (2010) studies and assessed with the MDRS (Mattis, 1976) in the Laisney et al. (2013) study; EDD: Eye Direction Detection task (from
Baron-Cohen et al., 1995); ET: Eyes test (from Baron-Cohen et al., 1997); R-ET: Revised Eyes test (from Baron-Cohen et al., 2001); DB: Deceptive Box task (from Perner et al., 1987); AR: Appearance—Reality task (from Flavell et al., 1983); S-Stories:

Strange stories from Happé (1994); SB: Sandbox task (from Sommerville et al., 2013); Cartoons task: from Sarfati et al. (1997); FP: faux pas task (from Stone et al., 1998); 1% FB: first-order false belief task (from Wimmer & Perner, 1983); 2" FB: second-

order false belief task (from Perner & Wimmer, 1985); 1% and 2" FB: combined in the Youmans and Bourgeois (2010) study; Tom’s taste task: from Duval et al. (2011).

Likewise, although the Cavallini et al. (2013) study
reports some strong correlations with inhibition and
updating performance, the regression analyses failed to
demonstrate any significant contribution of executive
competences to ToM performance.

To explain these conflicting findings, it could be
argued that the task used in the Cavallini et al. (2013)
study ( Happé’s (1998) Strange stories) does not require
particular inhibition and updating competences, contrary
to first- and second-order false beliefs, which demon-
strated strong involvement of executive competences
(Bailey & Henry, 2008; Duval et al., 2011; Li et al,,
2013). Indeed, in false belief tasks, one must first inhibit
one’s own point of view and then switch between one’s
own knowledge and the protagonist’s knowledge in order
to attribute the protagonist’s false belief, which is not the
case in Happé’s (1994) Strange stories (for more details,
see Leslie et al., 2005; Leslie & Polizzi, 1998). Strength-
ening this hypothesis, Le Bouc et al. (2012) used a first-
order false belief paradigm specifically constructed to
tease out inhibitory processes involved in attributing men-
tal states, which distinguishes between two different pat-
terns of errors: belief inference deficits and inhibition of
self-perspective deficits. Only the latter error pattern
strongly correlated with inhibitory processes. Conversely,
for false belief paradigms, the Phillips et al. (2011) study
found a strong involvement of updating competences but
no effect of inhibitory processes in ToM performance.
Albeit surprising, one possible explanation could be that
within inhibition competences, different processes might
be involved depending on the social nature, or not, of the
stimuli used. For instance, Bailey and Henry (2008) found
that their two inhibition measures, the Stroop task (Stroop,
1935) and the Hayling task (Burgess & Shallice, 1997),
presented different involvement in ToM performance
according to the ToM task stimuli. The score in the Stroop
task was a better predictor in ToM performance with
social stimuli, such as the eyes, and the score in the Hay-
ling task was a better predictor in ToM performance with
figurative stimuli, such as pictures in a false belief task
(for a more detailed discussion concerning the involve-
ment of different inhibitory processes, see also Phillips
et al., 2011). Therefore, there is a need to better under-
stand which particular cognitive processes are related to
ToM performance depending on tasks used.

Another interesting statistical analysis worth mention-
ing is the analysis of covariance (ANCOVA: Cavallini
et al., 2013; Maylor et al., 2002; Rakoczy et al., 2012;
Slessor et al., 2007; Sullivan & Ruffman, 2004) per-
formed in five of the studies reviewed. Except for the Cav-
allini et al. (2013) study, they point to a significant
involvement of executive competences and processing
speed (Rakoczy et al., 2012), vocabulary level (Maylor
et al., 2002; Slessor et al., 2007) and reasoning abilities
(Sullivan & Ruffman, 2004) in performance on different
ToM stories by cancelling the age effect. In the Maylor
et al. (2002) and Slessor et al. (2007) studies, the cancel-
ling age effect of vocabulary level might also explain
some discrepancies between studies mentioned above.
Indeed, these results tend to demonstrate that vocabulary



level might have a ‘protective’ effect on ToM perfor-
mance in aging when verbal ToM tasks are used. Using
visual (static or dynamic) ToM tasks may thus lead to
additional difficulties in ToM performance.

4. Discussion

The aim of this review was to examine recent literature
focusing on the contribution of cognitive processes to
ToM performance in aging and DAT. To answer our
research questions, we conducted a systematic review.

4.1. How is ToM assessed in aging and DAT?

Concerning ToM assessment in adulthood, this systematic
review revealed that ToM is mainly assessed with similar
tasks presenting varying degrees of reasoning complexity
in both target groups. Experimental paradigms used are
generally inspired by those constructed to assess children,
such as first- and second-order false beliefs. With the
increasing interest in the literature in identifying contribu-
tions of particular cognitive processes in ToM perfor-
mance, some of the studies reviewed used tasks especially
constructed to tease out contributions of particular cogni-
tive processes (Bailey & Henry, 2008; Bernstein et al.,
2011; German & Hehman, 2006; Le Bouc et al., 2012;
Maylor et al., 2002). For instance, in the German and Heh-
man (2006) study, to assess the effect of executive resour-
ces on reasoning about others’ mental states, the authors
modified the end of the initial story, with mental state
inferences in two different conditions (false or true belief)
and with a control (physical) inference. This minimal pair
design allows more reliable comparisons between control
and experimental stories by reducing other factors that
could influence performance in the two conditions. In
most studies, control and experimental tasks are not so
similar in either content or structure complexity, which
could lead to difficulties in drawing conclusions concern-
ing specific ToM deficits rather than broader cognitive
deficits when lower performance is observed in ToM
tasks.

4.2. How does ToM performance evolve in aging
and DAT?

All of the studies reviewed pointed to a significant
impairment in ToM performance in our three target
groups, compared to their respective control groups. How-
ever, specific deficits depending on task complexity are
difficult to highlight. Although complex tasks like sec-
ond-order false beliefs seem to be systematically failed by
target groups, lower level and mid-level task complexities
did not present such an agreement. Most of the studies
showed some significant difficulties in medium complex
ToM tasks, such as ToM stories and first-order false
beliefs, but other studies did not report such findings
(Baglio et al., 2012; Gregory et al., 2002; Sullivan &
Ruffman, 2004). Different factors could explain these
conflicting results, such as the heterogeneity of the experi-
mental paradigms used, the severity of cognitive deficits

in probable Alzheimer participants and the cognitive pro-
file of healthy aged. As Happé’s princeps study mentioned
(Happé et al., 1998), the latter must be carefully taken into
account. Indeed, one study reviewed (Li et al., 2013) dem-
onstrated that education level has a strong effect on ToM
performance, with highly educated old adults performing
as well as young subjects in a mid-level reasoning task.
Finally, concerning the heterogeneity of the experimental
paradigms used, the review found that for the same task
(Happé’s Strange stories), similar results for both target
groups were observed. The studies reviewed often adapted
their tasks in different modality assessments and with dif-
ferent scorings for responses, which could explain the dif-
ferences observed in the participants’ performance
between studies.

4.3. Do cognitive processes influence ToM
performance in aging and DAT?

First, our review offers some interesting data about the
cognitive dimensions selected as being related to ToM
performance, with a predominance of executive compe-
tences. Moreover, some studies hypothesized specific con-
tributions of executive functions to ToM performance. For
instance, according to current integrated models of ToM
(Leslie et al., 2005; Leslie & Polizzi, 1998), Bailey and
Henry (2008) suggested that to attribute others’ mental
states, and especially false beliefs, one must first inhibit
one’s own point of view. The significant correlations
observed between inhibition and ToM performance (for
instance, Bailey & Henry, 2008) and the total mediation
of inhibition competences in ToM performance (Bailey &
Henry, 2008; Li et al., 2013) may support these theoretical
propositions. The review also found strong involvement
with flexibility (for instance, Li et al., 2013) and updating
(for instance, Phillips et al., 2011) in ToM ability, sug-
gesting that the tasks used rely on different executive
competences. However, not all studies reviewed reported
such strong results (Bernstein et al., 2011; Cavallini et al.,
2013). In the Cavallini et al. (2013) study, the authors sug-
gested that these dissimilarities could be due the diversity
of tasks used. Indeed, the review showed that depending
on the task used (ToM stories or false-belief paradigms),
different executive competences are preferentially
involved, as inhibition for the false-belief paradigms (for
instance, in the Bailey and Henry, 2008 and Le Bouc
et al., 2012 studies). Concerning other cognitive dimen-
sions, vocabulary and logical reasoning were also well
represented in the studies reviewed. As ToM tasks are
often in the verbal modality and as questions used to
determine ToM ability require good abstraction skills in
order to take the concrete elements of the story further, it
would appear important to have good verbal and reason-
ing skills to complete the task correctly. As for inhibition,
the significant correlation analyses (for instance, Charlton
et al. 2009), the total mediation of reasoning skills in ToM
performance (Charlton et al., 2009) and the strong effect
of vocabulary and reasoning skills as a covariate (Maylor
et al., 2002; Slessor et al., 2007; Sullivan & Ruffman,
2004) support these assumptions. Moreover, as our review



showed that vocabulary level might improve ToM perfor-
mance in verbal tasks (Maylor et al., 2002; Slessor et al.,
2007), the involvement of cognitive processes should be
rigorously evaluated to also ensure that preserved compe-
tences are not due to the assessment modality of the task.

Processing speed is a competence which has an impact
on numerous cognitive tasks (Salthouse, 1993, 1996) and
seems to decrease in aging (Salthouse, 1996). Again, the
strong correlation analyses and partial mediation in ToM
performance identified by the review are some interesting
findings in line with the assumption of a probable contri-
bution of many different cognitive competences to ToM
performance. Finally, for episodic memory competence,
the review did not find any strong relationships with ToM
performance. Memory performance was assessed in six of
the studies reviewed but only two found significant corre-
lations with ToM performance (Castelli et al.,, 2011;
Duval et al., 2011). A possible explanation is that ToM
tasks rely more on short-term memory and working mem-
ory. Indeed, studies that manipulated paradigms with a
memory or no-memory load condition found that for
healthy aged participants, the task was failed more often
when participants did not have any stimuli to refer to dur-
ing the task (Maylor et al., 2002; Youmans & Bourgeois,
2010). Moreover, studies that assessed the updating com-
ponent, which is the active part of working memory,
found some strong relationships to and significant
involvement in ToM performance (for instance, Cavallini
et al., 2013). Another possible explanation for the lack of
significant involvement of episodic memory could be that
ToM performance relies on more autobiographical mem-
ory, as past experiences could guide inferential processes
about others’ mental states (for a recent review, see Mor-
eau, Viallet, & Champagne-Lavau, 2013).

A last observation in the studies reviewed concerns
performance in control tasks, with difficulties observed
for both target groups (Duval et al., 2011; German &
Hehman, 2006; Keightley et al., 2006; Le Bouc et al.,
2012; Slessor et al., 2007; Verdon et al., 2007; Zaitchik
et al.,, 2004). A recent meta-analysis by Henry, Phillips,
Ruffman, and Bailey (2013) on ToM performance in
aging nevertheless showed that the effect of aging in ToM
tasks is greater than in control tasks. However, this study
did not take into account relationships between cognitive
processes and ToM performance and did not provide evi-
dence that ToM impairments in aging were not due to pri-
mary cognitive deficits. Furthermore, as the present
review also found that performance in control tasks corre-
lated with various cognitive processes, determining a spe-
cific ToM deficit when comparing performance on ToM
and control tasks becomes difficult, as any deficits could
be due to the particular demand of cognitive processes
rather than a specific deficit in attributing mental states.

To conclude, we used a systematic review method in
order to maximize the representativeness of publications
on ToM performance in aging and DAT. However, our
review has some limitations of. A first limitation concerns
the methodology used. Our review was clearly not
exhaustive as we predefined some databases, search key-
words and exclusion/inclusion criteria for publication
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selection (Bambra, 2011). A second limitation concerns
the categorization of tasks by degree of complexity in
Section 3. In the studies reviewed, the cognitive complex-
ity of ToM tasks is not always clearly presented. Although
the categorization was done according to theoretical
frameworks or depending on study classification, there is
still potential subjectivity bias in categorization decisions.
Another limitation in Section 3 concerns the diversity of
the methods used in the studies reviewed (such as task
properties, variety of scoring system, sample size and
characteristics of the population assessed), which could
bias our interpretation of the findings. More particularly
and as mentioned above, not all studies provided detailed
information about their matched control tasks, which is
crucial to ensure that the difficulties observed are caused
by ToM deficits rather than more cognitive deficits. Taken
together, these limitations lead to provisional conclusions
concerning the difficulties observed in ToM performance
in aging and Alzheimer type dementia.

Nevertheless, on the basis of the publications retained,
the present review concludes that healthy aged and proba-
ble Alzheimer participants’ decline in ToM abilities
seems to be preferentially explained by primary cogni-
tive/executive deficits rather than a specific ToM
impairment. More precisely, according to current inte-
grated models of ToM (Leslie et al., 2005; Leslie &
Polizzi, 1998; Stone & Gerrans, 2006) proposing interac-
tions between a specialized representational module of
social actions and more general executive selection pro-
cesses (such as inhibitory processes), we found no strong
evidence for a specific deficit in reasoning about social
agents (ToM tasks) more than about physical causality
(control tasks), especially on the basis of studies that
explicitly assessed contributions of executive selection
processes compared to specialized representational
resources (Bailey & Henry, 2008; German & Hehman,
2006). There is however a need to further investigate the
role of executive selection processes in Alzheimer type
dementia. Indeed, the present review contained few stud-
ies (only five specifically assessing DAT vs. fourteen for
healthy aging) and only one study (Verdon et al., 2007)
performed regression analyses to determine the contribu-
tion of the global cognitive profile, assessed with the
MMSE (Folstein, Folstein, & McHugh, 1975), in ToM
performance. Although the latter study found a significant
involvement, the Castelli et al. (2011) study did not find
any relationship between MMSE scores and ToM perfor-
mance. The present review clearly does not provide
enough data to draw conclusions regarding a specific
ToM impairment in Alzheimer type dementia compared
to healthy aging. However, it is important to note that in
the Le Bouc et al. (2012) study, probable Alzheimer par-
ticipants showed a different pattern of deficits than partici-
pants with frontotemporal dementia in a first-order false
belief task, with more reasoning-type than inhibition-type
errors in attributing false beliefs. Thus, distinguishing the
different processes involved in inferential reasoning about
others’ mental states could be an interesting approach that
would improve our comprehension of the specificity on
ToM impairment in Alzheimer type dementia and could



also account for the limited results found with our classifi-
cation by levels of the task reasoning complexity. To
address current theoretical debates and take into account
recent data, future research on ToM performance in aging
and Alzheimer type dementia should provide tasks that
distinguish better between the contributions of both spe-
cific and shared competences involved in ToM task
achievement with carefully matched control tasks. Fur-
thermore, as our review highlighted the strong involve-
ment of cognitive processes in current ToM tasks, it could
be especially interesting to develop more ecological tasks
to assess ToM performance in aging and Alzheimer type
dementia. Indeed, tasks reviewed assess participants’
ToM reception abilities, which are highly dependent on
their abstract and reasoning competences, but social inter-
actions take place in a particular context, with many sour-
ces of information that could contribute to social
inferences about others’ intentions or beliefs (for instance,
stored information about the other or immediate percep-
tual information of the interaction context) (Achim,
Guitton, Jackson, Boutin, & Monetta, 2013). Taken
together, this could also lead to new assessment tools in
clinical practice, in designing more ecological tasks,
reproducing real constraints in social interaction and thus
having more predictive value for everyday living skills.
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