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Dissociating the Detection of Intentionality from Animacy in
the Right Posterior Superior Temporal Sulcus
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Certain motion patterns can cause even simple geometric shapes to be perceived as animate. Viewing such displays evokes strong
activation in temporoparietal cortex, including areas in and near the (predominantly right) posterior superior temporal sulcus (pSTS).
These brain regions are sensitive to socially relevant information, but the nature of the social information represented in pSTS is unclear.
For example, previous studies have been unable to explore the perception of shifting intentions beyond animacy. This is due in part to the
ubiquitous use of complex displays that combine several types of social information, with little ability to control lower-level visual cues.
Here we address this challenge by manipulating intentionality with parametric precision while holding cues to animacy constant. Human
subjects were exposed to a “wavering wolf” display, in which one item (the wolf) chased continuously, but its goal (i.e., the sheep)
frequently switched among other shapes. By contrasting this with three other control displays, we find that the wolf’s changing intentions
gave rise to strong selective activation in the right pSTS, compared with (1) a wolf that chases with a single unchanging intention, (2) very
similar patterns of motion (and motion change) that are not perceived as goal-directed, and (3) abrupt onsets and offsets of moving
objects. These results demonstrate in an especially well controlled manner that right pSTS is involved in social perception beyond
physical properties such as motion energy and salience. More importantly, these results demonstrate for the first time that this region
represents perceived intentions beyond animacy.

Introduction
Vision recovers not only the physical structure of the external
world, but also its causal and social structure. For example, even
simple geometric shapes can give rise to robust percepts of ani-
macy and intentionality when they move in certain ways (Heider
and Simmel, 1944; for review, see Scholl and Tremoulet, 2000).
That our visual system is adapted to extract socially relevant in-
formation from even such impoverished stimuli demonstrates
the fundamental role that perception plays in social cognition,
and vice versa. Viewing such displays evokes strong activation in
temporoparietal cortex, including areas in and near the posterior
superior temporal sulcus (pSTS) and angular gyrus, particularly
in the right hemisphere (Castelli et al., 2000; Blakemore et al.,
2003; Martin and Weisberg, 2003; Schultz et al., 2004, 2005; He-
berlein, 2008). The pSTS is also strongly activated by biological
motion of human avatars (Pelphrey et al., 2003) and point-light
displays (Bonda et al., 1996; Grossman et al., 2000). These con-
verging results suggest that pSTS plays an important role in rep-
resenting information related to social agency.

But what is the nature of this information? Despite the
cartoon-like motion and the use of simple geometric shapes,
displays such as those of Heider and Simmel (1944) and their
modern counterparts are visually and cognitively complex. In
particular, they confound animacy detection with the detec-
tion of related social properties (e.g., intentions, goals, and
emotions), and often also with asocial properties (such as sa-
lience and attentional capture). Our present goal is to isolate a
role for the perception of shifting intentions, while holding
cues to perceived animacy constant. Animacy and intentions
are separate but interdependent constructs. For example, one
can readily perceive animacy without perceiving intentional-
ity, as when a cue such as self-propulsion leads one to perceive
a moving shape as alive, even when one cannot divine any
particular goal. (This seems to occur, for example, when
watching swarms of insects fly around in seemingly chaotic
patterns— clearly alive, but without any obvious intention.)

Here we created displays in which simple discs appeared to
move in a self-propelled manner, a robust cue for perceived ani-
macy (Tremoulet and Feldman, 2000). We then exploited a pow-
erful cue for perceived intentionality: chasing behavior (Gao et
al., 2009; Gao and Scholl, 2011), wherein one moving disc (the
sheep) is pursued by another disc (the wolf). In the simplest case,
the wolf pursued a single sheep for the duration of the display. In
the “wavering wolf” display, the wolf chased two sheep in alter-
nation. Here, cues to animacy (such as self-propulsion and chas-
ing) are held constant, even though the perceived intentions of
the wolf may shift dramatically (now pursuing one target, now
another). With the inclusion of additional control displays, we
were thus able to dissociate the role of temporoparietal cortex,
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and in particular the pSTS, in both ani-
macy detection (using more rigorous dis-
plays than in past studies) and the
perception of shifting intentions (isolated
here for the first time).

Materials and Methods
Subjects. Fifteen subjects (6 female, 9 male;
mean age ! 23.7 years) with normal or
corrected-to-normal vision and no history of
neurological or psychiatric illness participated
in the study. The Yale University Human In-
vestigations Committee approved the study
and all subjects provided written informed
consent. The experiment consisted of four
runs, each consisting of 24 randomly ordered
trials, with six trials for each of four display
types. There was a 2 s fixation period between
trials.

Stimulus displays. There were four display
types (Fig. 1): (1) Changing Intentions (or wa-
vering wolf), (2) Single Intention, (3) Phantom
Chasing, and (4) Flashing displays. The Chang-
ing Intentions display (Fig. 1a) contained three
colored discs (0.63°) that moved about on an
11.32° by 11.32° back-projected display that
the subject viewed with a mirror mounted on
the head coil of the MRI system. The discs were
randomly assigned the colors red, green, and
blue on each trial. At the beginning of each
trial, each disc immediately began moving at a
constant speed of 9.49°/s. The two discs designated as sheep randomly
changed motion direction within in a 90° window (centered on the cur-
rent heading) approximately every 167 ms. (On each 16.7 ms frame of
motion, each disc had a 10% chance of changing its direction; in practice,
this led to direction changes every 167 ms on average.) The disc desig-
nated as the wolf also adjusted its direction of motion every 167 ms, so
that it was displaced approximately in the direction of the currently
chased sheep. This pursuit was not perfectly direct or “heat-seeking,” but
occurred with a random deviation "15° (clockwise or counterclock-
wise). The motion trajectories of each trial were algorithmically gener-
ated with the constraint that the distance between any two items always
exceeded 2° on each frame. Every 1.2 s, the wolf switched the target of its
pursuit: instead of being displaced each frame in the rough direction of
the current sheep (which then became the old sheep), the displacements
began occurring in the direction of the other sheep (which then became
the current sheep).

The Single Intention display was identical to the Changing Intentions
display with the important exception that the wolf chased a single sheep
for the entire 10 s display (Fig. 1b). The third (unchased) sheep moved
along a random trajectory of the same type as the chased sheep, but its
motion was not correlated (i.e., it did not interact) with either the wolf or
the chased sheep. Although not forewarned about the identity (color) of
the wolf, its intentional, goal-directed, chasing behavior was easily ascer-
tained in both the Changing Intentions and Single Intention Wolf dis-
plays, yielding a robust cue to perceived animacy (Gao et al., 2009; Gao
and Scholl, 2011). However, the perceived intentions of the wolf are held
constant in the Single Intention display but are seen to shift regularly and
dramatically in the Changing Intentions display, and thus the difference
in activation between these two conditions constitutes the comparison of
primary interest.

Because changing intentions were signaled by abrupt changes in mo-
tion direction in the Changing Intentions display, we included a Phan-

Figure 1. a, An illustrative static frame from the dynamic Changing Intentions display in which the red wolf alternated chasing the blue and green sheep every 1.2 s. b, In the Single Intention trial,
the wolf chased one sheep continuously. c, In the Phantom Chasing display, the wolf alternated chasing the mirrored location of each sheep every 1.2 s. This display preserved the abrupt motion
changes of the wolf and the correlation of its motion with the sheep. However, the target of its chase was invisible. d, The Flashing display was identical to Phantom Chasing except that the three
discs irregularly flashed on and off during their motion.

Figure 2. a– d, Key contrasts from our GLM analysis displayed upon an inflated representation of the right MNI152 hemisphere:
Changing Intentions # Single Intention (a), Changing Intentions # Phantom Chasing (control) (b), Changing Intentions #
Flashing (c), Flashing # Phantom Chasing (d). All contrasts have been corrected for multiple comparisons ( p " 0.05).
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tom Chasing control condition in which identical abrupt changes in
motion occurred, while also maintaining all correlations between the
motions of the wolf and sheep (Fig. 1c). The Phantom Chasing display
was identical to the Changing Intentions display, except that the wolf
chased the mirror image of the sheep (i.e., the reflection of the sheep’s
position across the center of the display) rather than the sheep itself.
However, since this target of the wolf’s pursuit was invisible, the wolf’s
motion was no longer perceived as goal-directed (Gao et al., 2009, their
Experiment 2), even though it was moving in the same intrinsic manner.
Thus, if the pSTS represents perceived intentions rather than correlated
motion and/or abrupt changes of motion direction, then activation
should be lower during the Phantom Chasing display than in Changing
Intentions display.

Finally, and like so many other studies in this domain, tests for social
properties such as animacy and intentionality could also be confounded
if visual attention was differentially attracted to changing visual events.
We controlled for this possibility by including a Flashing control display
(Fig. 1d). The Flashing display was identical to the Phantom Chasing
display, except that at any moment each disc had a 10% chance of disap-
pearing for 83.3 ms and then reappearing. Subsequent disappearances of
the same disc were separated by at least 833 ms. Thus, each disc appeared
to flash on and off unpredictably several times during the 10 s display.
Sudden onsets and offsets are among the most powerful cues for atten-
tional capture (Yantis and Jonides, 1984).

To verify that observers perceived the Changing Intentions trials (but
not Phantom Chasing trials) in terms of shifting intentions, we collected
both free descriptions of the displays and ratings of both animacy and
intentionality. When asked informally to describe Changing Intentions
displays, naive observers frequently invoked notions of chasing and shift-
ing intentions— e.g., “. . . the red ball goes back and forth chasing the
green ball and then switches and chases the blue ball” and “. . . the red ball
tries to tag the green and when the blue ball was close, it would chase the
blue and keeps going back and forth.” In contrast, no independent ob-
server ever described the Phantom Chasing display in such terms— but
instead described the underlying physical kinematics as in “There were
three dots hitting walls and bouncing off of them” and “A series of ping
pong balls, a group of balls, bouncing off walls.” We also ran a short study
wherein 14 naive observers (per condition) simply viewed a single
Changing Intentions or Phantom Chasing trial (between subjects), and
then immediately used a seven-point scale to answer two questions: (1)
“To what degree did the discs move as if they were ‘alive’? (1 ! not at all
alive, 7 ! seemed very alive)” and (2) “To what degree did it look as if the
red disc’s motion was goal-directed and intentional? (1 ! not at all, 7 !
definitely).” The ratings did not differ for the first question (5.14 vs 4.36;
t(26) ! 1.34, p ! 0.193), but ratings for the second question were reliably
higher for Changing Intentions trials compared with Phantom Chasing
trials (5.86 vs 3.21; t(26) ! 4.36, p " 0.001).

Image acquisition. Brain images were acquired at the Magnetic Reso-
nance Research Center at Yale University using a 3.0 tesla TIM Trio
Siemens scanner with a 12-channel head coil. Functional images were
acquired using an echo planar pulse sequence (TR ! 2 s, TE ! 25 ms, flip
angle ! ! 90°, matrix ! 64 2, in-plane resolution ! 3.75 mm 2, slice
thickness ! 3.5 mm, 37 slices). High-resolution T1-weighted structural
images were acquired using a 3D MPRAGE sequence (matrix ! 256 2,
in-plane resolution ! 1 mm 2, slice thickness ! 1 mm, 176 slices) and a
second series of structural images were acquired that was coplanar with
the functional images (matrix ! 256 2, in-plane resolution ! 1 mm 2,
slice thickness ! 3.5 mm, 37 slices).

fMRI data analysis. Data analysis for both experiments used the FMRIB
Software Library (FSL) (Smith et al., 2004). All images were skull-stripped
using FSL’s brain extraction tool, supplemented when necessary by manual
masking. The first three volumes (6 s) of each functional dataset were re-
moved to diminish MR equilibration effects. Data were temporally realigned
to correct for interleaved slice acquisition, and spatially realigned to cor-
rect for head motion using FSL’s MCFLIRT linear realignment tool.
Images were spatially smoothed with a 5 mm FWHM isotropic Gaussian
kernel. Each time series was high-pass filtered (0.01 Hz cutoff) to remove
low-frequency drift. Functional images were registered to structural co-
planar images, which were in turn registered to high-resolution anatom-

ical images, which were then normalized to the Montreal Neurological
Institute’s MNI152 template.

Whole brain voxelwise regression analyses were performed using FSL’s
fMRI expert analysis tool (FEAT). Each condition within each prepro-
cessed run was modeled with a boxcar function convolved with a single-
gamma hemodynamic response function. Regressors were constructed
for the four display conditions (Changing Intentions, Single Intention,
Phantom Chasing, and Flashing). In each task, the first-level analyses for
each run for each subject were combined into a second-level analysis for
each subject using a fixed-effects model. The individual subject analyses
were then combined into a third-level group analysis. For group-level
analyses, parameter estimates were assessed with a mixed-effects model,
with the random-effects component of variance estimated using FSL’s
FLAME stage 1 $ 2 procedure. For the third-level analyses, the activation
maps were thresholded using FSL’s two-stage cluster-correction proce-
dure. Voxels with z " 2.3 were retained in the first stage and the resulting
clusters were then evaluated at a corrected p " 0.05 using Gaussian
random-field theory. All group-level analyses are presented here on a

Figure 3. The voxels depicted in yellow represent the intersection of voxels identified as
activated in the contrasts depicted in Figure 2a– c.

Table 1. Summary of clusters identified by our GLM analysis and the intersection of
contrasts depicted in Figure 3

Contrast Volume (cm 3) Peak z x, y, z

a) Changing Intentions # Single Intention
Right pSTS 12.0 3.5 56, %38, 12

b) Changing Intentions # Phantom Chasing
Right pSTS 9.7 3.6 58, %38, 24
Right occipital pole 23.8 5.0 22, %98, %2
Left occipital pole 10.2 4.8 %20, %98, %4
Left superior parietal lobule 3.6 3.3 %42, %50, 54

c) Changing Intentions # Flashing
Right pSTS 9.7 3.7 58, %36, 30
Bilateral occipital pole 43.6 5.2 %26, %92, %8
Left supramarginal gyrus 18.1 3.9 %46, %48, 50
Left precental gyrus 6.8 3.5 %26, %8, 48

d) Flashing # Phantom Chasing
None

Intersection of contrasts a, b, c
Right pSTS 2712 3.4 66, %42, 26
Right STG 120 2.9 50, %38, 10

An anatomical label for each cluster is provided that corresponds to its approximate center of mass. The volume of
each cluster, the peak z statistic within the cluster, and the MNI coordinates of that peak z statistic are also provided.
For the intersection analysis, the peak z statistic represents the mean of the z-statistics for the contrasts represented
in Figure 1, a– c.
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flattened, inflated representation of the cortical surface, derived by Free-
Surfer (Fischl et al., 2002) from the MNI152 brain.

Results
As per our hypotheses, we focused our analysis upon the right pSTS
and adjacent lateral occipitotemporal cortex (LOTC). The contrasts
(p " 0.05, corrected for multiple comparisons, as above) are shown
in Figure 2. Table 1 presents a summary of all significant clusters
identified in our analyses. In the test of our main hypothesis, the
Changing Intentions display gave rise to stronger activation in the
right pSTS and adjacent right LOTC than did the Single Intention
display (Fig. 2a). In our control contrasts, the Changing Intentions
display also gave rise to stronger activation in the right pSTS than
did either the Phantom Chasing display (Fig. 2b) or the Flashing
display (Fig. 2c). A comparison of the Flashing and Phantom
Chasing control displays revealed no significant differences (i.e.,
no selectively activated voxels) in any brain region (Fig. 2d). For
the main contrasts depicted in Figure 2, a– c, the pSTS activation
occurred exclusively in the right hemisphere; i.e., no clusters were
identified in the left pSTS region that survived correction for
multiple comparisons. However, activations of smaller spatial
extent were observed in the left pSTS when we examined
z-statistics uncorrected for multiple comparisons. Figure 3 pres-
ents the intersection of the activations for the three main con-
trasts of interest depicted in Figure 2, a– c. The common
activation occurred in the right pSTS, including part of the angu-
lar gyrus and extending into the posterior supramarginal gyrus.

Discussion
Chasing is a powerful cue to the perception of animacy (Gao et al.,
2009), and was exploited here to hold animacy constant in the
Changing Intentions and Single Intention displays: in both cases, the
wolf was always chasing a target according to the same rules. The
particular target being chased, however, varied frequently in the
Changing Intentions displays but not in the Single Intention dis-
plays. The resulting fMRI analysis showed robust selective right
pSTS engagement by the Changing Intentions displays.

Moreover, the additional control conditions confirmed that
this activation was due to the perception of shifting intentions per
se, and not to other lower-level factors. In particular, this activa-
tion could not have been due to any differences related to motion
energy (e.g., when the wolf more frequently shifted directions
suddenly in the Changing Intentions displays). Similar selective
activity was observed when contrasting the Changing Intentions
displays with the Phantom Chasing displays, in which all such
properties were preserved but the perception of animacy and
intentionality was eliminated (Gao et al., 2009). This contrast
could not reflect any differences in prediction error (Hampton et
al., 2008), since the timing of the trajectory changes in both con-
ditions was always constant (occurring every 1.2 s) and since the
motion of the wolf was carefully constructed to be equally (un)
predictable—always being an equally deterministic function of a
randomly moving sheep item. Similarly, this activation could not
have been due to differences in attentional capture, since similar
selective activity was observed when contrasting the Changing
Intentions displays with the Flashing displays, in which sudden
onsets and offsets were used to capture attention in a maximally
powerful fashion (Yantis and Jonides, 1984).

On the basis of these results, we draw two primary conclu-
sions. First, but less importantly, we conclude that the right pSTS
is engaged in social perception, as distinct from other nonsocial
factors. This same conclusion has been drawn from many other
studies, but it has been challenging to support such claims given

that the relevant social versus nonsocial conditions have always
differed in so many other correlated ways. Here, we submit that
this contrast in the present study is especially compelling, as our
use of the chasing displays allowed us to rule out these competing
factors, varying social information while holding nearly every
lower-level property constant.

Our second and more important conclusion is that the right
pSTS is selectively engaged by the perceptual analysis of shifting
intentions, beyond animacy. This novel conclusion was in no way
mandated by previous studies. Cues for detecting animacy in-
clude the apparent violation of Newtonian laws, self-propulsion,
and abrupt changes in motion direction and speed (Tremoulet
and Feldman, 2000). These cues share a common property, in
that physical forces in the environment cannot fully explain an
object’s motion. Its motion must therefore be attributed to forces
that are internal to the object, yielding the perception of animacy.
If the engagement of the pSTS in social perception was limited to
the detection of animacy in this way, though, it might still fail to
implement any routines that are social in nature. Instead, the
pSTS would only need to represent a physical model of objects’
movements, such that any motion that violated this physical
model would be categorized as animate.

In contrast to the detection of animacy, perceived intention-
ality is governed by a rationality principle, which is a social prin-
ciple above and beyond low-level motion properties. According
to this principle, agents will tend to choose actions that achieve
their desires most efficiently, given their beliefs about the world.
This property was initially discussed in the context of philosoph-
ical considerations (Dennett, 1987) and cognitive development
(Gergely et al., 1995; Csibra, 2008), but it has since been incorpo-
rated into studies of perceived intentionality (Baker et al., 2009;
Gao and Scholl, 2011). This principle also applies to the wavering
wolf display that was used in our Changing Intentions trials. In
previous studies of chasing, the rationality principle was violated
by having the wolf move randomly during certain intervals—a
manipulation that simply disrupts the ability to detect chasing in
the first place (Gao and Scholl, 2011). Here, in contrast, the visual
system faces a dilemma. On one hand, cues to chasing are always
equally present and robust; but on the other hand, these cannot
be unified, since the rationality principle is constantly being vio-
lated for any particular target. We suggest that the visual system
reconciles this dilemma by generating percepts of shifting inten-
tions, and that the right pSTS is selectively engaged by this pro-
cess. In this way, the right pSTS may play a critical role in the
neural realization of the rationality principle in online visual
perception.
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