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a b s t r a c t
Functional magnetic resonance imaging (fMRI) studies have demonstrated a critical role for a cortical
region in the right temporo-parietal junction (RTPJ) in “theory of mind” (ToM), or mental state reasoning. In other research, the RTPJ has been implicated in the deployment of attention to an unexpected
stimulus. One hypothesis (“attention hypothesis”) is that patterns of RTPJ activation in ToM tasks can
be fully explained by appeal to attention: stimuli that apparently manipulate aspects of ToM are in fact
manipulating aspects of attention. On an alternative hypothesis (“ToM hypothesis”), functional regions
identiﬁed by ToM tasks are selective for ToM, and not just for any unexpected stimulus. Here, we used
fMRI to test these competing hypotheses: are brain regions implicated in ToM, including the RTPJ, LTPJ,
and precuneus, recruited speciﬁcally for mental states, or for any unexpected stimulus? We ﬁrst identiﬁed
brain regions implicated in ToM, using a standard paradigm: participants read stories about false beliefs
and false physical representations (e.g., outdated photographs). Participants also read a new set of stories
describing mental or physical states, which were unexpected or expected. Regions of interest analyses
revealed a higher response in the RTPJ, LTPJ, and precuneus, for mental versus physical stories, but no difference for unexpected and expected stories. Whole-brain random effects analyses also revealed higher
activation in these regions for mental versus physical stories. This pattern provides evidence for the ToM
hypothesis: the response in these functional regions is selective for mental state content, whether that
content is unexpected or expected.
© 2010 Elsevier Ltd. All rights reserved.

1. Introduction
Functional magnetic resonance imaging (fMRI) studies have
demonstrated a role for a cortical region in the temporo-parietal
junction (TPJ) in “theory of mind” (ToM), the ability to represent and reason about mental states, such as thoughts and beliefs
(Fletcher et al., 1995; Gallagher et al., 2000; Samson, Apperly,
Chiavarino, & Humphreys, 2004; Saxe & Powell, 2006). For example, the blood oxygen level dependent (BOLD) response in the right
TPJ (RTPJ), left TPJ (LTPJ), and precuneus (PC) is signiﬁcantly higher
when participants read stories explicitly describing or requiring
inferences about mental states such as false beliefs as compared
to when participants read stories about physical states such as
false or outdated signs, maps, or photographs (Gobbini, Koralek,
Bryan, Montgomery, & Haxby, 2007; Perner, Aichhorn, Kronbichler,
Wolfgang, & Laddurner, 2006; Saxe & Kanwisher, 2003).
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A separate body of work has suggested a role for a region
in the TPJ, especially in the right hemisphere, in exogenously
cued attention, or the reorienting of attention to an unexpected
stimulus. fMRI studies show that the response in this region is
signiﬁcantly higher during the detection of low-frequency targets
(Bledowski, Prvulovic, Goebel, Zanella, & Linden, 2004; Downar,
Crawley, Mikulis, & Davis, 2000) or targets that appear in unexpected locations as in “invalidly cued” trials (Corbetta, Kincade,
Ollinger, McAvoy, & Shulman, 2000; Vossel, Weidner, Thiel, & Fink,
2009) of a Posner cueing paradigm (Posner, Walker, Friedrich, &
Rafal, 1984). These results suggest that this cortical region in the
right TPJ functions at least in part to deploy attention to unexpected
or surprising stimuli. Furthermore, damage to this region leads to
a deﬁcit in reorienting of attention (Friedrich, Egly, Rafal, & Beck,
1998) and to left hemiﬁeld spatial neglect (Vallar, Bottini, Rusconi,
& Sterzi, 1993; Vallar & Perani, 1986).
How should these two lines of research be integrated? Two
sets of competing hypotheses have emerged. The ﬁrst hypothesis
(“attention hypothesis”) is that patterns of TPJ activation, especially RTPJ activation, found in ToM tasks can be explained away
by appeal to attention: stimuli that apparently manipulate aspects
of ToM are in fact manipulating aspects of attention. In other words,
stimuli designed to require more ToM may have elicited enhanced
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RTPJ activation only because these stimuli are also unexpected, and
require integrating inconsistent information in “elaborate inference processes” (Ferstl, Neumann, Bogler, & von Cramon, 2008;
Virtue, Parrish, & Jung-Beeman, 2008). Standard false belief tasks,
for example, require participants to switch attention multiple times
between at least two locations. The Sally–Anne task depicts the following situation: (1) Sally places her ball in a basket (location 1),
and then leaves the room, (2) Anne enters the room, and moves her
ball to the box (location 2), (3) Sally returns to retrieve her ball. Participants are asked to predict where Sally will look for her ball. Thus,
the false belief task may require participants to attend to the unexpected switch in the object’s location, to reorient attention between
the two locations, and to integrate the inconsistent locations of
the ball over time. In the standard control task, participants make
judgments about physical representations that have become false
or outdated such as “false photographs”. The control events also
involve an unexpected transfer of an object between two locations,
and require reorienting attention between two locations. However,
it is not easy to ascertain whether the “unexpectedness” of the two
kinds of events is truly matched; it remains possible that the false
belief stories engage, and therefore reorient, attention differently
or more effectively than the control stories do.
As evidence for the attention hypothesis, Buccino et al. (2007)
point out that a region near the TPJ (in the posterior superior
temporal suclus, pSTS) shows higher metabolic activity when
people observe unexpected or inconsistent human actions, relative to expected or consistent human actions (Grezes, Frith, &
Passingham, 2004; Pelphrey, Morris, & McCarthy, 2004). They write
that “although both the explanations for the activation of the
temporo-parietal regions, the one based on theory of mind and
that one based on attention, may be valid, we are inclined to prefer the attentional explanation because the major feature of the
non-intended actions used in [those experiments] was their unexpectedness” (Buccino et al., 2007).
An alternative hypothesis (“ToM hypothesis”) is that patterns of
TPJ activation, especially RTPJ activation, found in ToM tasks cannot be explained by appeal to attention: instead, functional regions
identiﬁed by ToM tasks (e.g., false belief versus false photograph)
are selective for ToM, and not simply any unexpected stimulus
requiring more attention. The ToM hypothesis is supported by
recent fMRI work showing anatomically close but distinct cortical
regions of the RTPJ that support distinct cognitive functions; that is,
the region of the RTPJ that is recruited in ToM tasks is selective for
ToM, while a nearby but distinctive region is involved in the reorienting of attention to unexpected stimuli (Scholz, Triantafyllou,
Whitﬁeld-Gabrieli, Brown, & Saxe, 2009).
One approach to resolving these two hypotheses (“attention
hypothesis” and “ToM hypothesis”) is to ask whether the brain
regions recruited by low-level attentional reorientation and highlevel ToM actually occupy the same region of cortex, near the
right temporo-parietal junction. The ﬁrst study to test this question reported anatomical overlap between the regions of the RTPJ
that support ToM (i.e. in a false belief task) and low-level exogenous attention (i.e. in a Posner cueing task) in the same individuals
(Mitchell, 2008). However, a subsequent study, using higher resolution imaging a bootstrap analysis, found a small but reliable
separation between the peaks of these two functional regions in
higher resolution images (Scholz et al., 2009), consistent with evidence from a recent meta-analysis (Decety & Lamm, 2007).
An alternative approach to the two hypotheses (“attention
hypothesis” and “ToM hypothesis”) is to test directly whether the
activation patterns observed during ToM tasks can be explained
away by differences in high-level attention. The current study takes
this second approach, using high-level verbal stimuli in a single
paradigm. Notably, prior research described above has focused on
the relationship between ToM and exogenous (i.e. stimulus-driven)
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visual attention, relying on low-level sensory stimuli that are unexpected in virtue of their frequency or spatial location (Corbetta et
al., 2000). If false belief stimuli recruit the RTPJ in virtue of their
“unexpectedness”, though, the expectations that are elicited, and
violated, must be of a higher level and more abstract kind of expectation about the events described in the verbal vignettes (Ferstl
et al., 2008). In the current study we therefore investigate the
relationship between ToM and higher level attention. We manipulate the expectedness (validated with subjective measures) of
high-level verbal stimuli describing both mental states and physical states. Both mental and physical states were unexpected (or
expected) with respect to common knowledge. For example, unexpected mental stories featured protagonists with unlikely desires
(e.g., the desire to make pesto sauce with chocolate and marijuana)
or patently false beliefs (e.g., that watering the house plants will
make them burst into ﬂames). Correspondingly, physical states
were designed to be unexpected with respect to the average participant’s knowledge of the real world (e.g., the water from a tap
tastes like milk chocolate).
We ﬁrst identiﬁed brain regions implicated in ToM, including the RTPJ, LTPJ, precuneus (PC), and medial prefrontal cortex
(MPFC), using a standard paradigm: participants read stories about
false beliefs and outdated physical representations (e.g., false photographs). Participants then read a new set of stories describing
mental or physical states, which were unexpected or expected. On
the attention hypothesis, regions recruited for a false belief task
should differentiate between unexpected and expected events, in
general. On the ToM hypothesis, these regions should differentiate only between mental and physical stories, and not between
unexpected and expected stories.
2. Methods
2.1. Participants
Seventeen naïve right-handed adults (aged 18–31, 7 females) participated in
the study for payment. All participants were native English speakers, had normal or
corrected-to-normal vision, and gave written informed consent in accordance with
the requirements of the internal review board at MIT.
2.2. Stimuli
Stimuli consisted of two sets of 96 stories (Supplementary material): (1) stories describing mental states that were either expected or unexpected and (2)
stories describing physical events, objects, or states that were either expected or
unexpected (Fig. 1). Word count was matched across conditions (mean ± SD for
the mental condition: 13 ± 2; physical condition: 13 ± 3; unexpected condition:
13 ± 2; expected condition: 13 ± 3) such there was no signiﬁcant difference in
word count between mental and physical stories (F(1,188) = 2.83, p = 0.09, partial
h2 = 0.02) or between unexpected and expected stories (F(1,188) = 0.30, p = 0.86, partial h2 < 0.001). A question accompanied each version (expected and unexpected) of
the mental and physical stories. Word count for the mental and physical questions
also did not differ signiﬁcantly (mean ± SD for the mental questions: 10 ± 2; physical questions: 10 ± 2; F(1,94) = 0.009, p = 0.92, partial h2 < 0.001). The expectedness
or unexpectedness of the stories was validated with a post-scan questionnaire in
which participants viewed the stories presented during the scan and rated them on
a 7-point scale (1 = not at all surprising; 7 = very surprising).
In the scanner, stories were presented for 6 s, followed by a question for 6 s
and ﬁnally 10 s of ﬁxation on a black screen. During the question portion of the
trial, participants judged how likely it would be for the story protagonist to hold
another speciﬁc belief or desire for the mental stories, and how likely it would be
for the physical state or object in the story to have another speciﬁc property for the
physical stories, using four buttons: 1 = very unlikely, 4 = very likely (Fig. 1). Due to
technical error, behavioral data were not collected for one participant.
Participants saw either the expected or the unexpected version of the mental
and physical stories for a total of 48 stories. Stories were presented in a pseudorandomized order with the order of conditions counterbalanced across runs and
participants. Twelve stories (three stories per condition) were presented during each
of four runs for a total time of 18 min and 8 s. The text of each story was presented
in a white 36-point font on a black background via Matlab 7.6 running on an Apple
MacBook Pro. The scan session also included four runs of a ToM functional localizer,
contrasting stories about mental states (e.g., false beliefs) and stories about physical
states (e.g., false photographs; see Saxe & Kanwisher, 2003, Experiment 2).
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Fig. 2. Expectedness ratings. In a post-scan questionnaire, participants viewed the
stories presented during the scan: mental stories (dark bars) and physical stories
(light bars). Stories were rated on a 7-point scale (1 = not at all surprising; 7 = very
surprising). Error bars represent standard error.

Fig. 1. Stimuli design. Stimuli consisted of two sets of 48 stories: (1) “mental stories”
describing mental states that were either expected or unexpected and (2) “physical
stories” describing physical events, objects, or states that were either expected or
unexpected. Participants judged how likely it would be for the protagonist to hold
another speciﬁc mental state for the mental stories, and how likely it would be for
the physical state or object in the story to have another speciﬁc property for the
physical stories (1 = very unlikely, 4 = very likely).

2.3. Imaging procedure
Participants were scanned at 3 T (at the MIT scanning facility in Cambridge,
MA) using thirty 4-mm-thick near axial slices covering the whole-brain. Standard
echoplanar imaging procedures were used (TR = 2 s, TE = 40 ms, ﬂip angle = 90◦ ).
FMRI data were analyzed using SPM2 (http://www.ﬁl.ion.ucl.ac.uk/spm)
and custom software. Each participant’s data were motion corrected and
normalized onto a common brain space (Montreal Neurological Institute,
MNI, template). Data were smoothed using a Gaussian ﬁlter (full width
half maximum = 5 mm) and were high-pass ﬁltered during analysis. The
experiment used a block design and was modeled using a boxcar regressor.
Both whole-brain and tailored ROI analyses were conducted. Six ROIs were
deﬁned for each participant individually based on a whole-brain analysis of a localizer contrast and deﬁned as contiguous voxels that were signiﬁcantly more active
(p < 0.001, uncorrected, k > 10) while the participant read the false belief stories,
as compared with the false photograph stories: RTPJ, LTPJ, precuneus (PC), dorsal medial prefrontal cortex (DMPFC), middle MPFC (MMPFC), and ventral MPFC
(VMPFC). All peak voxels are reported in MNI coordinates.
The responses of these ROIs were then measured while participants read the
new stories from the current study. Within the ROI, the average percent signal
change (PSC) relative to baseline (PSC = 100 × raw BOLD magnitude for (condition − ﬁxation)/raw BOLD magnitude for ﬁxation) was calculated for each condition
at each time point (averaging across all voxels in the ROI and all blocks of the same
condition). We then averaged across the time points during which the story and
question was presented (4–14 s after story onset, to account for hemodynamic lag)
to get a single PSC value for each region in each participant (Poldrack, 2006). This
value was used in all analyses reported below.

3.2. Behavioral results: scanner task
Likelihood ratings were analyzed using the same procedure
as in the post-scan questionnaire. A difference in likelihood
ratings was observed between the unexpected and expected stories (F(1,15) = 10.34, p = 0.01, partial h2 = 0.41), but not between
the mental and physical stories (F(1,15) = 2.10, p = 0.11, partial
h2 = 0.16), and there was no interaction. Paired samples t-tests
revealed that questions for the expected stories were rated as
more likely for both mental (t(15) = 2.12, p = 0.04) and physical
stories (t(15) = 3.34, p = 0.004). No reaction time differences were
observed (unexpected versus expected: F(1,15) = 2.28, p = 0.15, partial h2 = 0.13; mental versus physical: F(1,15) = 3.16, p = 0.10, partial
h2 = 0.17).

3.3. fMRI results: functional localizer
A whole-brain random effects analysis of the ToM functional
localizer data replicated results of studies using the same task (Saxe
& Kanwisher, 2003), revealing a higher BOLD response during stories about false beliefs versus stories about false photographs, in
the RTPJ, LTPJ, DMPFC, MMPFC, VMPFC, and PC (p < 0.001, uncorrected, k > 10). These ROIs were identiﬁed in individual participants
at the same threshold: RTPJ (identiﬁed in 17 of 17 participants),
LTPJ (16/17), PC (17/17), DMPFC (13/17), MMPFC (9/17), and VMPFC
(11/17) (Table 1 and Fig. 3).

Table 1
Functional localizer experiment results.
Region

3. Results
3.1. Behavioral results: post-scan questionnaire
Story expectedness ratings were analyzed using a 2 (mental versus physical) × 2 (unexpected versus expected) repeated measures
ANOVA of participants’ average ratings for each of the four conditions (Fig. 2). As expected, a signiﬁcant difference in expectedness
ratings was observed between the unexpected and expected stories
(F(1,16) = 689, p < 0.001, partial h2 = 0.98), but not between the mental and physical stories (F(1,16) = 1.19, p = 0.29, partial h2 = 0.07),
and there was no interaction. Paired samples t-tests revealed that
unexpected stories were rated as more unexpected for both mental
stories (t(16) = 25.43, p < 0.001) and physical stories (t(16) = 20.71,
p < 0.001).

Individual ROIs
RTPJ
LTPJ
PC
DMPFC
MMPFC
VMPFC
Whole-brain contrast
RTPJ
LTPJ
PC
DMPFC
MMPFC
VMPFC

x

y

z

54
−52
2
0
3
1

−53
−58
−56
57
57
53

23
22
37
29
14
−12

58
−56
−2
0
4
2

−52
−52
−54
56
64
44

28
26
38
32
16
−20

Average peak voxels for ROIs in Montreal Neurological Institute coordinates. The
“Individual ROIs” rows show the average peak voxels for individual participants’
ROIs. The “Whole-brain contrast” rows show the peak voxel in the same regions in
the whole-brain random effects group analysis.
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LTPJ: F(1,15) = 30.00, p < 0.001, partial h2 = 0.67; PC: F(1,16) = 10.71,
p = 0.005, partial h2 = 0.40). The PSC in these regions did not discriminate between unexpected versus expected stories (RTPJ:
F(1,16) = 1.22, p = 0.29, partial h2 = 0.07; LTPJ: F(1,15) = 2.61, p = 0.13,
partial h2 = 0.15; PC: F(1,16) = 0.06, p = 0.81, partial h2 = 0.003).
There was no interaction. Paired samples t-tests revealed that
the response in these regions discriminated between the mental and physical stories both when they were unexpected (RTPJ:
t(16) = 2.00, p = 0.06; LTPJ: t(15) = 5.57, p < 0.001; PC: t(16) = 2.63,
p = 0.018) and when they were unexpected (RTPJ: t(16) = 3.00,
p = 0.009; LTPJ: t(15) = 4.07, p = 0.001; PC: t(16) = 2.78, p = 0.013).
Critically, none of the ROIs discriminated between the unexpected
and expected stories in the mental domain (RTPJ: t(16) = 0.88,
p = 0.39; LTPJ: t(15) = 1.63, p = 0.12; PC: t(16) = −0.67, p = 0.52) or in
the physical domain (RTPJ: t(16) = 1.06, p = 0.31; LTPJ: t(15) = 1.17,
p = 0.26; PC: t(16) = 0.35, p = 0.73).

Fig. 3. Functional localizer results. Brain regions where the BOLD signal was higher
for stories about mental representations (e.g., false beliefs) than stories about
physical representations (e.g., false photographs; N = 17, random effects analysis,
p < 0.001, uncorrected). These data were used to deﬁne regions of interest.

3.4. fMRI results: story task
The percent signal change (PSC) from rest in each of the ROIs was
calculated for the time when the story and question were on the
screen. The PSC in each ROI was then analyzed in a 2 (mental versus physical) × 2 (unexpected versus expected) repeated measures
ANOVA.
3.4.1. TPJ and PC
A similar pattern of results was observed in the RTPJ, LTPJ and
PC (Fig. 4). In these ROIs, the PSC was higher for mental versus
physical content (RTPJ: F(1,16) = 11.28, p = 0.004, partial h2 = 0.41;

3.4.2. MPFC
In the DMPFC, the response was higher for mental versus
physical content (F(1,12) = 8.35, p = 0.014, partial h2 = 0.41) and
unexpected versus expected stories (F(1,12) = 7.92, p = 0.016, partial
h2 = 0.40). There was no interaction. Paired samples t-tests revealed
that the DMPFC response was higher for mental versus physical
stories when they were expected (t(12) = 2.90, p = 0.013), but not
when they were unexpected (t(12) = 1.68, p = 0.12). The DMPFC
response did not discriminate between unexpected and expected in
the mental domain (t(12) = 1.29, p = 0.22) or in the physical domain
(t(12) = 0.98, p = 0.35). We observed no signiﬁcant effects in the
MMPFC and VMPFC in either analysis.
In sum, the response in the RTPJ, LTPJ, and PC showed a main
effect of mental versus physical and no main effect of unexpected versus expected. Furthermore, these regions discriminated
between mental and physical stories when they were expected
and unexpected. By contrast, the response in the DMPFC showed
both main effects of mental versus physical and unexpected versus expected, and also did not discriminate between mental versus
physical stories when they were unexpected.
To explore the differences in the functional proﬁles of these ROIs,
which produced signiﬁcant effects, we conducted a 4 (region: RTPJ,

Fig. 4. Regions of interest analyses. Percent signal change (PSC) in the RTPJ, LTPJ, PC, and DMPFC when participants read unexpected and expected mental stories (dark bars)
and physical stories (light bars). Error bars represent standard error.
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Table 2
Story task whole-brain analysis results.
Region
Mental > physical
RTPJ
LTPJ
PC
Unexpected > expected
PC
ACC
VMPFC

x

y

z

62
−54
2

−56
−58
−70

22
26
34

−10
−8
0

−70
36
44

32
−6
−6

Average peak voxels for ROIs in Montreal Neurological Institute coordinates.

LTPJ, PC and DMPFC) × 2 (mental versus physical) × 2 (unexpected
versus expected) ANOVA. This analysis revealed a main effect of
mental versus physical (F(1,12) = 12.36, p = 0.004), a main effect of
region (F(3,36) = 7.31, p = 0.001), and an interaction between region
and unexpected versus expected (F(3,36) = 3.55, p = 0.024), suggesting differences in the functional proﬁles of the ROIs. We conducted
additional region by function analyses for pairs of regions, in particular, to explore the differences observed above between the
response in the DMPFC and the response in the RTPJ, LTPJ, and
PC. A comparison of the RTPJ and DMPFC revealed a main effect
of mental versus physical (F(1,12) = 9.74, p = 0.009) and an interaction between region and mental versus physical (F(1,12) = 4.91,
p = 0.047). A comparison of the LTPJ and DMPFC revealed a main
effect of mental versus physical (F(1,12) = 12.83, p = 0.004), and a
main effect of unexpected versus expected (F(1,12) = 6.08, p = 0.03),
but no interactions. A comparison of the PC and DMPFC revealed a
main effect of region (F(1,12) = 6.28, p = 0.03), a main effect of mental versus physical (F(1,12) = 8.3, p = 0.014), an interaction between
region and mental versus physical (F(1,12) = 4.61, p = 0.05), and
an interaction between region and unexpected versus expected
(F(1,12) = 6.73, p = 0.02).
Given our a priori hypotheses about the RTPJ, we also performed
whole-brain random effects analyses for (1) the mental > physical
contrast, and (2) the unexpected > expected contrasts (p < 0.001,
uncorrected, k > 10; Table 2), and looked for clusters of activation
within 20 mm of the peak coordinates of the RTPJ in the ToM functional localizer (peak [58 −52 28]). As predicted, we found a cluster
in the RTPJ for the mental > physical contrast (peak [62 −56 22]), but
no clusters for the unexpected > expected contrast. At a very lenient
threshold (p < 0.01, uncorrected, k > 5), we found a small cluster of
activity in the unexpected > expected contrast near the peak coordinates of the RTPJ in the ToM functional localizer [48 −46 22].
This weaker effect for the unexpected > expected contrast, compared to the mental > physical contrast, is consistent with prior
work directly comparing in the same individuals theory of mind
and attention to unexpected stimuli, as elicited in a Posner cueing
task (Mitchell, 2008).
To further investigate these effects, we performed wholebrain conjunction analyses between the ToM localizer contrasts
and (1) the mental > physical contrast, and then (2) the unexpected > expected contrast (Fig. 5). Each voxel counted as ‘overlap’
only if the contrast exceeded the T-threshold independently for
both tasks (T > 3.69, p < 0.001). Consistent with the ROI analyses,
the conjunction between the localizer and the mental > physical
contrast revealed activation in the RTPJ, LTPJ and PC. The conjunction between the localizer and the unexpected > expected contrast
revealed activation in the PC. At a very lenient threshold (T > 2.58,
p < 0.01, uncorrected), the conjunction between the localizer and
the unexpected > expected contrast revealed activation in the PC
and a small cluster of activation in the RTPJ, consistent with the
whole-brain random effects analysis, that did not overlap with
the region of the RTPJ recruited by the mental > physical contrast
(Fig. 5).

Fig. 5. Whole-brain conjunction analyses. Conjunction between the ToM localizer contrast (false belief > false photograph) and (1) the mental > physical contrast
(shown in red) and (2) the unexpected > expected contrast (shown in green). Each
voxel counted as ‘overlap’ only if the contrast exceeded the T-threshold independently for both tasks (T > 2.58, p < 0.01, uncorrected). The conjunction between
the localizer and the mental > physical contrast revealed activation in the RTPJ,
LTPJ, DMPFC and MMPFC. The conjunction between the localizer and the unexpected > expected contrast revealed activation in the PC and a small cluster of
activation in the RTPJ, which did not overlap with the region of the RTPJ recruited by
the mental > physical contrast. Overlap of these two independent conjunction analyses is shown in yellow. (For interpretation of the references to color in this ﬁgure
legend, the reader is referred to the web version of the article.)

4. Discussion
Here we show, based on both regions of interest analyses and
convergent whole-brain analyses, that brain regions for ToM are
selectively recruited for mental versus non-mental content, and
not simply for processing any unexpected stimulus. Brain regions
recruited for a ToM task comparing false beliefs to false photographs (i.e. RTPJ, LTPJ, PC and DMPFC), were selectively recruited
for a new set of stories about a range of mental states – both
expected and unexpected. In support of the ToM hypothesis, but
not the attention hypothesis, the RTPJ, LTPJ, and PC were sensitive
only to the distinction between mental and physical states, and
not to the distinction between unexpected and expected events, in
either the mental or the physical domain. The DMPFC response was
higher for both mental versus physical states and for unexpected
versus expected events.
While prior research has focused on the relationship between
ToM and attention to low-level sensory stimuli that were unexpected due to frequency or spatial location (Mitchell, 2008; Scholz
et al., 2009), the current study manipulated attention to highlevel verbal stimuli that were unexpected with respect to common
knowledge (as veriﬁed by post-scan ratings). Manipulating “highlevel attention” in the current study allowed us to probe ToM and
an aspect of attention within a single paradigm, using the same
high-level verbal stimuli. More speciﬁcally, we were able to test the
hypothesis that if neural activation observed for false belief stories
in ToM tasks can be explained away by enhanced attention to highlevel verbal stimuli that are unexpected or surprising (Mitchell,
2008), then the same neural activation should be observed for the
identical high-level verbal stimuli that are stripped of beliefs but
that are equally unexpected or surprising. The current results do
not support this attention hypothesis. Instead, these results show
that these regions play a speciﬁc role in ToM. Future work, using
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behavioral and neuroimaging methods, ought to explore the relationship between attention to unexpected sensory stimuli (as in
Posner-type cueing paradigms) and attention to unexpected verbal
stimuli (as in the current study).
Contrary to the current results, some previous research has
suggested that activity in a region of the TPJ is modulated by manipulations of high-level attention. For example, an ERP study reports
an N400 component localized to the posterior temporal neocortex near the temporo-parietal junction in response to semantically
incongruous sentences (Simos, Basile, & Papanicolaou, 1997). A
recent fMRI study has also suggested a role for the TPJ in the
resolution of semantic incongruity and integrating inconsistent
information: incoherent passages produced greater activation in
the TPJ/STS (Ferstl et al., 2008). Interestingly, however, another
fMRI study concluded the opposite: the right TPJ/STS is recruited
“when comprehenders generate bridging inferences under highly
predictable text conditions” (Virtue et al., 2008). Another line of
fMRI research on action perception indicates activity in the right
pSTS/TPJ for incorrect goal-directed actions versus correct goaldirected actions (Pelphrey et al., 2004), and incorrect versus correct
predictions about the weight of an object (Grezes et al., 2004).
Notably, however, across all the studies described above, activations patterns have been observed mostly in the STS. More recently,
Buccino and colleagues reported increased RTPJ activity when participants viewed unintentional versus intentional actions (Buccino
et al., 2007) and suggested that unintentional actions are unexpected, and therefore recruit the RTPJ. Another possibility, though,
is that unintentional actions (or otherwise unexpected or incongruent actions, as in the studies above) provoke greater focus on
the actor’s mental states, including the actor’s intentions. In sum,
we suggest that the apparent inconsistency between these ﬁndings
and the results of the currents study can be understood as follows:
(1) the previously observed activations patterns have been mostly
centered on the STS, and (2) the perception of unexpected or incongruent human actions may engage not only greater attention but
also greater theory of mind, that is, reasoning about the beliefs and
intentions of the actor.
An interesting aspect of the current results is that ToM brain
regions were selective for mental state content but not for a particular feature of the mental state – whether it is unexpected
or expected. Previous neuroimaging studies have suggested that
the TPJ is recruited selectively for mental states over physical
states (Perner et al., 2006; Saxe & Kanwisher, 2003), other socially
relevant information such as physical traits or internal bodily sensations (Saxe & Powell, 2006), and the positive or negative effects
of a protagonist’s actions on another person, relevant for social
or moral judgment (Young, Camprodan, Hauser, Pascual-Leone, &
Saxe, 2010; Young & Saxe, 2008, 2009b). Nevertheless, the RTPJ
response appears to be unaffected by manipulations of speciﬁc features of the mental states, including whether beliefs are true versus
false (Jenkins & Mitchell, 2009; Young, Cushman, Hauser, & Saxe,
2007), justiﬁed or unjustiﬁed (Young, Nichols, & Saxe, in press),
positive versus negative (Kliemann, Young, Scholz, & Saxe, 2008;
Young et al., 2007; Young & Saxe, 2008, 2009a), and whether inferences about those states are “constrained” versus “open-ended”
(Jenkins & Mitchell, 2009).
One previous study, though, did report an effect of mental state
expectedness on RTPJ activation. Saxe and Wexler (2005) manipulated whether mental states were expected or unexpected, relative
to the speciﬁc background of the protagonist (Saxe & Wexler, 2005).
For example, the protagonist of a hypothetical scenario might want
his or her partner to have an affair – because of an unusual cultural
background (e.g., a polyamorous cult) or speciﬁc situation (e.g.,
he or she wanted an excuse to end the relationship). An unusual
mental state might then be unexpected in some circumstances but
expected in other circumstances. In apparent contrast to the cur-
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rent study, this previous study found that the RTPJ response was
enhanced for contextually unexpected beliefs and desires (Saxe &
Wexler, 2005). This study suggests that participants constructed
a theory (at an explicit or implicit level) about the relationship
between the mental state and the protagonist, based on background information provided in the stimulus about the protagonist.
Contextually unexpected mental states may require more effortful
theory-construction, which may in turn be reﬂected in more robust
recruitment of the RTPJ. By contrast, the stimuli in the current study
did not provide any background information about the protagonist; thus, mental states could not be expected or unexpected with
respect to a theory about the protagonist. Instead, mental states
were merely expected or unexpected with respect to participants’
general knowledge about the world. This minimal contrast did not
elicit differential recruitment of brain regions for ToM.
The absence of any information at all about the protagonist may
also help explain another difference between the current results
and previous results: the overall response in all of the ToM brain
regions was unusually small for the current stimuli. Whereas in
the current experiment, the conditions differed from each other
and from rest by approximately 0.1–0.2% of the signal, in previous experiments we have typically found effects of 0.5–0.8% (Saxe
& Kanwisher, 2003). We hypothesize that this difference between
experiments is a consequence of the stimuli. The current stimuli
provided no information about the protagonist’s situational context, behavior, or other beliefs and desires – information that could
have provoked participants to spontaneously reason about either
the origins or the outcomes of the stated belief or desire (Apperly,
Riggs, Simpson, Samson, & Chiavarino, 2006; Knobe, 2005; Malle,
1999; Young & Saxe, 2009a): How did the protagonist come to
have this mental state? What reasonable behavior follows from this
mental state? Instead, the stimuli presented only the target belief
or desire – and no other information that would render the belief
or desire expected or unexpected, given other mental states or
behavior. Future experiments will test the hypothesis that people
reason differently (quantitatively or qualitatively) about a protagonist’s mental state when rich as opposed to sparse information
is provided in the stimulus, concerning the relation between the
protagonist and the target mental state.
The current results also inform a recent debate about the role
of simulation in thinking about other people’s thoughts. That is, to
what extent do we understand others’ minds by mentally placing
ourselves “in their shoes” and simulating their internal experience?
On one account, simulation might be easier and therefore more
likely when the mind of the target is more similar to one’s own mind
(Mitchell, Macrae, & Banaji, 2006). For example, it might be easier
to simulate the internal experience of a skydiver if you have been
skydiving yourself; the earthbound rest of us would have to fall
back on drier, cooler “theoretical” inferences about the experience.
On an alternative account, simulation might require more effort
and therefore more robustly recruit the ToM network when the
mind of the target is dissimilar. The current study did not uncover
any regions in the ToM network that preferred expected (or similar) to unexpected (or dissimilar) mental states. (The DMPFC did
discriminate along this dimension, showing a higher response for
unexpected stories, but the higher response for unexpected stories
occurred for both mental and physical content.) Thus, the current
results do not provide evidence for versions of simulation theory
that predict differences for similar versus dissimilar mental states
– at least not for the kinds of mental states targeted in the current study, beliefs and desires. Future investigations should focus
on how such simulation theories may apply to other mental state
content such as stable preferences or attitudes (Jenkins & Mitchell,
2009; Mitchell et al., 2006).
The present ﬁndings reveal a role for the RTPJ, LTPJ, PC, and
DMPFC in the selective processing of mental states, which cannot
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be explained by appeal to high-level attention as manipulated in
the current study. These regions were recruited similarly for both
unexpected and expected mental states. In addition to supporting a
selective role for these regions for mental state reasoning, this pattern suggests that even “irrational” or “unimaginable” mental states
count as mental states. Notably, mental states are never “impossible”, as physical states may be (Michelon, Snyder, Buckner, McAvoy,
& Zacks, 2003; Parris, Kuhn, Mizon, Benattayallah, & Hodgson,
2009). For example, a belief that X can be a false belief (e.g., if X is
the proposition: “swimming is a good way for people to grow ﬁns”),
but the statement that a person believes that X is not necessarily
false (i.e. belief attributions are truth-functionally “opaque”). This
structural difference between mental and physical representations
is worth exploring in future research.
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