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ABSTRACT—The posterior superior temporal sulcus (STS)

region plays an important role in the perception of social

acts, although its full role has not been completely clari-

fied. This functional magnetic resonance imaging experi-

ment examined activity in the STS region as participants

viewed actions that were congruent or incongruent with

intentions established by a previous emotional context.

Participants viewed an actress express either a positive or

a negative emotion toward one of two objects and then

subsequently pick up one of them. If the object that was

picked up had received positive regard, or if the object that

was not picked up had received negative regard, the action

was congruent; otherwise, the action was incongruent.

Activity in the right posterior STS region was sensitive to

the congruency between the action and the actress’s emo-

tional expression (i.e., STS activity was greater on in-

congruent than on congruent trials). These findings

suggest that the posterior STS represents not only biolog-

ical motion, but also how another person’s motion is

related to his or her intentions.

Being social animals in a physical environment, humans must

understand the people around them, just as they must under-

stand the physical environment. To achieve this understanding,

whether of the environment or other people, the neural system

must carry out processes of perception, recognition, integration,

and prediction. In the social domain, this means that the neural

system must have mechanisms dedicated to perceiving and

recognizing other people, integrating these perceptions across

diverse informational sources, and predicting what people are

likely to do next.

A large body of research shows that the superior temporal

sulcus (STS), which forms the inferior boundary of the superior

temporal gyrus in the temporal lobe, plays an important role in

these social-cognitive processes. In particular, the posterior end

of the STS appears to process perceptual information about

bodily action. It responds to the observation of other moving

bodies (Allison, Puce, & McCarthy, 2000; Bonda, Petrides,

Ostry, & Evans, 1996) and moving faces (Puce, Allison, Bentin,

Gore, & McCarthy, 1998). Individuals with deficits in connec-

tivity between other regions and the STS show impairments

in perceiving biological motion (Pavlova, Staudt, Sokolov,

Birbaumer, & Krageloh-Mann, 2003).

However, the STS region also has a broader function in social

cognition. For example, in the macaque, some STS cells change

their response rates as a function of the history of observed bi-

ological motions (Jellema & Perrett, 2003), and the pattern of

these changes suggest that these cells play a role in action

prediction. And in addition to responding to aspects of biolog-

ical motion, the STS is active during evaluation of the intentions

behind other people’s actions. For instance, Pelphrey, Singer-

man, Allison, and McCarthy (2003) showed that this region

exhibited a stronger hemodynamic response when participants

observed an actor direct his or her gaze to a visual stimulus in an

incongruent manner (i.e., the actor looked in the direction

opposite to an interesting visual event) than when they observed

an actor direct his or her gaze in a congruent manner (i.e., the

actor looked at the stimulus). Furthermore, individuals with

deficits in connectivity between the STS and other regions show

impairments in understanding the intentions behind actions

(Pavlova, Sokolov, Birbaumer, & Krageloh-Mann, 2008). The

posterior STS region even exhibits activity in response to the

motion of geometric shapes that are suggestive of underlying
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intentional activity but do not actually contain biological motion

(Castelli, Happé, Frith, & Frith, 2000; Heider & Simmel, 1944).

Finally, the STS region, and particularly the posterior STS region

in the right hemisphere, exhibits differentially elevated

activation when the details of biological motion do not match

expectations set up by previous cues (Brass, Schmitt, Spengler,

& Gergely, 2007; Pelphrey, Morris, & McCarthy, 2004).

These findings suggest that the STS does not merely represent

the surface features of biological motion, but also participates in

integrating biological motion, or actions, with the social context.

If so, the STS must be sensitive to environmental or cognitive

sources of information that inform this context. Such sources

might include language, the personality of the perceiver, the

ascribed qualities of the perceived (e.g., ‘‘How much are they

like me?’’), and cultural norms. However, an especially salient

component of the social context is perceived emotion, particu-

larly when emotion indicates a preference for or against an

object or event. Even very young children recognize that another

person’s emotional response indicates his or her preference

for or against objects in the environment (Phillips, Wellman,

& Spelke, 2002; Repacholi & Gopnik, 1997). The goal of the

experiment we report in this article was to examine whether the

STS exhibits differences in activity that are dependent on a

previous emotional context that has provided cues regarding an

observed person’s preferences and underlying intentions.

For this experiment, we used a paradigm adapted from

Phillips et al. (2002). Participants observed a videotape of an

actress who expressed positive or negative regard toward one of

two objects. She then reached and picked up that same object or

the other one. Viewing the actress’s emotional expression al-

lowed participants to attribute an intention to her: Positive

expressions toward an object would warrant the attribution of

the intent to pick up the object; negative expressions would

warrant the attribution of the intent not to pick up the object.

The actress’s subsequent reaching gesture could then be in-

terpreted as being either congruent or incongruent with the

intention.

Much of the previous work outlining the brain mechanisms for

the analysis of intentions has remained open to the alternative

explanation that observed activation differences were due to

uncontrolled attentional factors. Indeed, Hopfinger, Buonocore,

and Mangun (2000) found that the STS region was involved in

the allocation of spatial attention in response to visual cues.

Therefore, previously observed differences in STS activity that

were associated with differences in intention might have been

due to participants having to switch their attention. For this

reason, it is important that by using both positive and negative

emotions directed toward an object, this study balanced the

attentional demands between the congruent and incongruent

conditions. When participants viewed an actress who had pos-

itive regard toward an object, they had to shift attention twice to

understand the incongruent display, in which she reached

toward the other object, but they had to shift attention only once

to understand the congruent display, in which she reached for

the object she held with positive regard. In the negative case, the

incongruent display involved only one shift of attention (as the

actress reached for the object toward which she expressed

negative regard), whereas the congruent display required two

shifts of attention. If results showed that the STS region

responded differentially as a function of congruency, this would

be consistent with the view that the role of the STS in action

understanding is greater than simply representing the visual

properties of biological motion, and the differential activation

could not be attributed to attentional differences.

METHOD

Participants

Participants were 16 healthy adults (10 male, 6 female; 15 right-

handed) ranging in age from 19 to 31 years (mean age 5 25

years). All participants had normal or corrected-to-normal

vision and were screened for psychiatric and neurological dis-

orders. The project was approved by the Institutional Review

Board of Carnegie Mellon University. All participants gave

written informed consent to participate and received financial

compensation for their time.

Experimental Design

The experimental design for this event-related functional mag-

netic resonance imaging study consisted of four conditions: posi-

tive-congruent, negative-congruent, positive-incongruent, and

negative-incongruent. The conditions are illustrated schema-

tically in Figure 1.

Each trial began with the actress facing forward. She had a

neutral expression, and her gaze was directed at the participant.

A red and a green cup stood on the surface in front of her. Then,

the actress moved her head and eyes to look at one of the cups

(whether it was the red or green cup was randomly determined

for each trial). While looking at the cup, she smiled with raised

eyebrows while saying ‘‘Ahhh!’’ (in the two positive conditions)

or frowned with furrowed eyebrows while saying ‘‘Yuck!’’ (in the

two negative conditions). This expression of emotion lasted 2 s.

The actress then resumed her neutral expression and looked

straight ahead, resting for 2 s. Over the following 4 s, she kept

her eyes forward and her expression neutral while reaching to-

ward, lifting, and replacing either the cup toward which she had

previously directed her attention or the other cup. Thus, she

acted in line with (congruent) or in contrast to (incongruent) the

expectation created by her positive or negative expression. In

this way, four conditions were created: (a) a positive-congruent

condition, in which the actress expressed a positive emotion

toward an object and then reached for that object; (a) a positive-

incongruent condition, in which the actress expressed a positive

emotion toward an object and then reached for the other, ignored

object; (c) a negative-congruent condition, in which the actress
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expressed a negative emotion toward an object and then reached

for the other, ignored object; and (d) a negative-incongruent

condition, in which the actress expressed a negative emotion

toward an object, but then reached to that object.

A single trial lasted 8 s. During the 12-s intertrial intervals,

the actress maintained eye contact with the camera and posed a

neutral expression. Trials appeared in a pseudorandom order

subject to the constraint that no one trial type could occur more

than twice in a row. Participants completed four runs, each

consisting of 12 s of the actress sitting motionless with a

neutral expression, 24 trials (6 in each condition), 16 s of

the actress sitting motionless with a neutral expression, and

finally 12 s of blank screen (total of 508 s). Stimuli were

presented using E-Prime 2.0 software (Psychological Soft-

ware Tools, Inc., Pittsburgh, PA). Both the cups’ positions and

the hand used to lift the cup were randomized within each run.

Participants were instructed only to watch the video attentively.

The analyses presented here included data from 62 runs. Two

runs, one from each of 2 participants, were excluded because of

motion artifacts resulting from movement of the participants

while in the scanner.

Imaging Protocol

Scanning was performed in a Siemens 3-T Allegra head-only

scanner (Siemens, Erlangen, Germany), using an eight-channel

head coil, at the Brain Imaging Research Center, Carnegie Mellon

University. High-resolution, T1-weighted anatomical images were

acquired using an MP-RAGE (magnetization-prepared rapid

gradient echo) sequence (repetition time 5 1,630 ms, echo time 5

2.48 ms, field of view 5 20.4 cm, flip angle 5 81, image

matrix 5 256 � 256, voxel size 5 0.8 � 0.8 � 0.8 mm; 224

slices). Whole-brain functional images were acquired using a

single-shot, gradient-recalled echoplanar pulse sequence (repe-

tition time 5 2,000 ms, echo time 5 30 ms, field of view 5 20.4 cm,

flip angle 5 731, image matrix 5 64 � 64, voxel size 5 3.2 �
3.2 � 3.2 mm; 35 slices) sensitive to blood-oxygenation-level-

dependent (BOLD) contrast. Each run consisted of the acqui-

sition of 254 successive brain volumes, after discarding 2 image

volumes to allow for steady-state equilibrium.

Data Analysis

Data were preprocessed and analyzed using the BrainVoyager

QX 1.9 software package (Brain Innovation, Maastricht, The

Netherlands). Preprocessing of the functional data included

slice time correction (using cubic spline interpolation), align-

ment of slices (using cubic spline interpolation to the first

nondiscarded scan time within a scan run), 3-dimensional mo-

tion correction (using trilinear interpolation), spatial smoothing

with a 4-mm Gaussian kernel, linear-trend removal, and tem-

poral high-pass filtering (fast-Fourier transform based with a

cutoff of 3 cycles/time course). The functional data sets were

coregistered to the Talairach-transformed (Talairach & Tour-

noux, 1988), within-session, T1-weighted anatomical image

series to create a 4-dimensional data representation. Estimated

motion plots and cine loops were examined for each participant

in order to identify movements and eliminate runs in which the

participant displayed a deviation in the estimated center of mass

(in any dimension) that was greater than 3 mm.

Positive Congruent

Negative IncongruentPositive Incongruent

Negative Congruent

Fig. 1. Schematic illustration of the four conditions in the experiment. In the positive conditions, the actress expressed positive regard toward one of
the cups, and in the negative conditions, she expressed negative regard toward one of the cups. In the congruent conditions, the actress’s reach was
expected, given her previous expression. In the incongruent conditions, her reach was unexpected, given her previous expression.
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A multiparticipant statistical analysis was performed by

multiple linear regression of the time course of the BOLD

response in each voxel. The general linear model of the ex-

periment was computed for 62 z-normalized volume time

courses (4 runs from 14 participants and 3 runs from 2 partici-

pants). Model predictors were defined by convolving an

ideal boxcar response with a gamma-function model of the

hemodynamic response (Friston et al., 1995). Boxcar values

were equal to 1.0 during the actress’s 2-s emotional expression

and 4-s reach and were 0.0 otherwise. To compare activations

among experimental conditions, we performed linear contrasts

using t statistics.1 Given our a priori hypotheses, we were pri-

marily interested in those regions exhibiting stronger activation

in the two incongruent conditions (positive-incongruent, nega-

tive-incongruent) than in the two congruent conditions (positive-

congruent, negative-congruent). We were also interested in

whether the effect of congruency varied as a function of the af-

fect. Regions of interest (ROIs) were identified by calculating

the t contrast for positive-incongruent and negative-incongruent

activation being greater than positive-congruent and negative-

congruent activation. For multiparticipant statistical maps,

we adopted a false-discovery-rate (Genovese, Lazar, & Nichols,

2002) threshold of q < .05, a procedure that deals with the

problem of multiple comparisons by automatically identifying a

threshold for statistical significance that ensures that, on aver-

age, the proportion of false positives among the activated voxels

will be less than q. Activation maps were visualized on a

Talairach-transformed template brain, with only clusters of more

than 8 contiguous voxels displayed.

RESULTS

The contrast test for greater activation on incongruent than on

congruent trials revealed only one brain region, localized to the

right posterior STS (in Brodmann’s Area 22), that exhibited

significant differential activity at the threshold (q < .05). This

region (see the illustrations on the left in Fig. 2) was made up of

301 active voxels, the center of which was located at the fol-

lowing Talairach coordinates: x 5 57, y 5 �47, z 5 4.

The graphs in Figure 2 illustrate the grand-average waveforms

from the voxels comprising this right posterior STS region. As

expected, the average response in the incongruent conditions

was greater than the average response in the congruent condi-

tions. We computed a series of t contrasts on the four conditions

to more fully explore the pattern of effects within this posterior

STS ROI. Further inspection of the interaction term (Emotion�
Congruency) revealed a significantly greater incongruency effect

in the positive-emotion condition than in the negative-emotion

condition, t(15679) 5 2.27, p< .05. However, the incongruency

effect was significant both in the positive condition, t(15679) 5

5.45, p < .001, and in the negative condition, t(15679) 5 2.23,

p < .05. There was also an effect of emotion; responses were

greater in the positive condition than in the negative condition,

collapsed across congruency, t(15679) 5 2.87, p< .01. No brain

regions exhibited greater activation on congruent than on in-

congruent trials.

DISCUSSION

The results of this study indicate that the response of the right

posterior STS region to a given biological motion is sensitive to

prior emotional context. Specifically, the STS showed a greater

response when participants viewed a reach incongruent with

a prior emotional expression than when they viewed a reach

congruent with the prior expression, regardless of whether ex-

pectations were induced by a positive or a negative emotional

expression. This finding is in accord with prior research indicating

that the posterior STS does more than simply represent the current

state of biological motion (e.g., Pelphrey et al., 2003).

The data provide evidence against recent arguments that the

earlier findings of increased activity in the posterior STS region

during viewing of unexpected actions were related to additional

shifts in attention required when observed movements differed

from expectations (e.g., Corbetta, Patel, & Shulman, 2008). We

addressed this alternative hypothesis by varying expectations

using emotional cues of different valence that balanced the

number of attention shifts in the congruent and incongruent

conditions. In the positive-congruent condition, the actress

directed participants’ attention toward the desired object, so

there was no need for viewers to shift attention when she then,

seemingly rationally, picked that object up. There was, however,

an additional shift in attention in the negative-congruent

condition, because the actress would be expected to pick up the

object that she did not previously view with disgust. The posi-

tive-incongruent condition also required an additional shift in

attention, but the negative-incongruent condition did not. Thus,

the congruent and incongruent conditions contained the same

total number of required shifts in attention.

By our estimation, the attention-reorienting account would

predict greater STS activity in the positive-incongruent than in the

negative-incongruent condition, because the former required par-

ticipants to reorient attention twice, and the latter required only one

shift in attention. Likewise, this account would predict greater STS

activation in the negative-congruent than in the positive-congruent

condition, because the latter involved only one shift in attention,

whereas the former demanded two shifts in attention (i.e., shifting

1For a t contrast between two predictors, we performed a paired, two-tailed t
test on the hypothesis that the betas for the two predictors were significantly
different. Each functional run (62 in all) was concatenated to create a single
time course. For a test on a region of interest, the activation of included voxels
was averaged at each time point. For whole-brain analyses, each voxel was
tested individually. The time course was modeled with the four experimental
variables (positive-congruent, positive-incongruent, negative-congruent, and
negative-incongruent), as well as a variable for each functional run less 1, to
account for variability in BOLD signal that was not experimentally meaningful.
The remaining time points in the concatenated time course (15,679) served as
degrees of freedom, used for assessing the standard error of the beta for each
predictor.
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attention to the cup at which the actress directed negative regard

and then shifting attention to the cup she picked up). Moreover, this

attention account would predict equivalent activation in the posi-

tive-incongruent and negative-congruent conditions, as well as

equivalent activation in the positive-congruent and negative-in-

congruent conditions. However, we observed that activity in the

STS was greater in the incongruent condition than in the congruent

condition regardless of affect—a pattern of effects that cannot be

accounted for by the attention-reorienting account.

Although our findings cannot directly address the issue, they

may have implications for a related debate concerning the

functional role of the temporoparietal junction, a region that lies

anatomically close to the STS and that is thought to be involved

in attributing mental states to other people (i.e., constructing a

theory of mind; Saxe & Wexler, 2005). An argument (similar to

the one for the STS) has been made that activations in the

temporoparietal junction are due to attention-related factors

(Corbetta et al., 2008; Mitchell, 2007). Our findings suggest the

possibility that incongruency effects in that region might be

present even when attention is tightly controlled.

We also found a significant effect of affect, such that the STS

responded more strongly in the positive-affect condition than in

the negative-affect condition, and also showed a greater re-

sponse to incongruency in the positive condition. The latter

effect needs to be interpreted with care, because the role of

attention was not balanced within each emotion condition. In

fact, in the positive condition, the incongruent case required

more attentional shifting than the congruent case, whereas the

opposite was true in the negative condition. Nevertheless, this

finding is consistent with arguments that a central role of the STS

is to process actions that indicate positive outcomes (Paulus,

Feinstein, Leland, & Simmons, 2005). However, another pos-

sibility is that people simply have more experience with positive

than with negative affect, and that activation in the STS reflects
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Fig. 2. Experimental results. The brain maps on the left show the location of the right posterior superior temporal sulcus (STS) region in
which activation was significantly greater on incongruent than on congruent trials (q < .05). ‘‘R’’ indicates the right hemisphere. The
graphs show the time course of the percentage change in the blood-oxygenation-level-dependent (BOLD) response from the voxels in that
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that experience. A third possibility is that contrasting positive

and negative affect established a context of approach and

avoidance, and the STS is more responsive to the former (Pel-

phrey, Viola, & McCarthy, 2004). A fourth, more extreme pos-

sibility is that the functional role of the STS in encoding action is

to consider other people’s positive affect. Our data are agnostic

as to these and other possibilities. Critically, the STS exhibited

sensitivity to congruency between the actor’s emotional prefer-

ence and action regardless of the valence of the affect.

The present findings suggest that the STS region does more

than simply identify biological motion. Instead, the STS is likely

involved in representing biological motion embedded in a social

context—in the present case, one established by a prior emotional

expression. Most theories of social cognition agree that humans are

able to understand and anticipate others’ actions by attributing

mental states, such as beliefs, desires, or intentions, to others

(Gallese & Goldman, 1998; Gopnik & Meltzoff, 1997; Gordon,

1986; Leslie, 1987). Depending on the theory, these internal

representations of others’ minds are used in processes of rational

inference or simulation. Along these lines, the results of our

experiment can be interpreted as showing that the STS region

participates in the encoding of such attributed intentions. Many

theories require such internal representations of other people’s

minds on the supposition that human beings seem to be intrinsi-

cally unpredictable from the surface cues in the environment.

However, recent work suggests that human cognition is highly

sensitive to subtle probabilistic environmental cues. For

example, young infants have been shown to be sensitive to

transitional probabilities among syllables (e.g., Saffran, Aslin, &

Newport, 1996) and sequences of actions (Baldwin, Andersson,

Saffran, & Meyer, 2007; Kirkham, Slemmer, & Johnson, 2002).

It is possible that human beings make use of the social and

environmental context to constrain the representations of likely

next actions. In the current study, the emotional expressions may

have directly constrained the expected future actions repre-

sented in the STS, without explicit attribution of mental states. If

so, activity differences in the STS would have been due not to

differences in representations of the actress’s mind, but rather to

the presence versus absence of a match between the predicted

and observed action (Jellema & Perrett, 2003). Previous work

demonstrated increased STS activation when participants

viewed an actor lifting a box if the actor was attempting to

deceive them about the weight of the box (Grezes, Frith, &

Passingham, 2004a) or if the actor had a false belief about the

weight of the box (Grezes, Frith, & Passingham, 2004b). In both

cases, the researchers interpreted this activity as resulting from

the mismatch between predicted and observed action. Repre-

sentations of the actor’s mind, to the extent they were needed

for this task, would have been elsewhere in the brain. From this

perspective, understanding other people’s actions would require

a network of brain regions that instantiate various physical and

social aspects of the current situation. The STS would play

an important role in this network, integrating probabilistic

information from diverse brain regions and representing the

ongoing status of perceived biological motion and expected

future actions.

A critical direction for future work is to map the structural and

functional connectivity among the STS and regions representing

other aspects of social cognition. A number of probabilistic

constraint-satisfaction models have been fruitfully applied to

diverse cognitive domains, such as language (McClelland &

Rumelhart, 1986), causal and conceptual knowledge (Gopnik

et al., 2004), theory of mind (Baker, Tenenbaum, & Saxe, 2006),

and motor action (Jordan & Rumelhart, 1992). Although these

models differ on many algorithmic details, they share the ability

to learn from and make use of subtle probabilistic features of the

environment in a humanlike way. We expect that applying these

computational approaches, in combination with identifying

patterns of structural and functional connectivity, would lead to

a greater understanding of human action understanding.
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