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Abstract: Actions observed in everyday life normally consist of one person performing sequences of
goal-directed actions. The present fMRI study tested the hypotheses that observers are influenced by
the actor’s identity, even when this information is task-irrelevant, and that this information shapes
their expectation on subsequent actions of the same actor. Participants watched short video clips of
action steps that either pertained to a common action with an overarching goal or not, and were per-
formed by either one or by varying actors (2 3 2 design). Independent of goal coherence, actor coher-
ence elicited activation in dorsolateral and ventromedial frontal cortex, together pointing to a
spontaneous attempt to integrate all actions performed by one actor. Interestingly, watching an actor
performing unrelated actions elicited additional activation in left inferior frontal gyrus, suggesting a
search in semantic memory in an attempt to construct an overarching goal that can reconcile the dis-
parate action steps with a coherent intention. Post-experimental surveys indicate that these processes
occur mostly unconsciously. Findings strongly suggest a spontaneous expectation bias toward actor-
related episodes in action observers, and hence to the immense impact of actor information on action
observation. Hum Brain Mapp 00:000–000, 2013. VC 2013 Wiley Periodicals, Inc.
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INTRODUCTION

When we witness an action, we usually see one person
acting step by step in a goal-directed fashion. We soon rec-
ognize her overarching goal from a stream of subgoals

[Keele et al., 1990; Long and Golding, 1993; Hamilton and

Grafton, 2006; Botvinick, 2008]. For instance, preparing

breakfast might be recognized as the overarching goal of

taking a bun, cutting it, buttering it, putting cheese on it

and so on. As observers, we are able to deal with a re-

markable amount of variance or noise that comes along

with long signals like this. For example, the stream of

action may be delayed or even interrupted by other

actions, for example, answering the phone, and parts of it
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may be performed by another person, for example, when

someone helps preparing the meal. Still, we are quite able

to recognize the inherent goal-driven relationship that

bears to the single acts. In the present fMRI study, we

investigated whether actor information can act as a cue for

coherence between separate action steps.
Coherence of actions probably builds on more than one

single mechanism, but particularly relates to sequential
event knowledge [Grafman, 2002; Knutson et al., 2004] or
script knowledge [Schank and Abelson, 1977], a subtype of
the semantic (long term) memory system [Kintsch, 1980;
Funnell, 2001]. According to Schank and Abelson [1977], a
script represents a sequence of events in everyday situa-
tions that is specifically structured. Importantly, a script
can be recognized from parts of the sequence and missing
events can be filled in, that is, scripts provide connectivity
to otherwise single actions. There is experimental evidence
that script knowledge is a powerful and spontaneous
mechanism in action observation. Thus, the persistent
tendency to accept action slips as valid actions (cf., action
slip rating errors [Schubotz and von Cramon, 2004]) points
to a strong bias toward goal-based explanations for actions
before abandoning the action as nonsense, even if this ex-
planation comes at the cost of postulating fairly unlikely
goals. For instance, when participants observed someone
trying to put a coin in a piggy bank, but obviously in a
wrong orientation and hence failing, they still often judged
the action to be purposeful, supposing that the actor tried
to widen the piggy bank’s slot. Moreover, participants
tend to infer overarching goals from actually unrelated
action steps and even so when they are performed by dif-
ferent actors [Wurm et al., 2011].

However, script knowledge may not be the only drive
to construe relations between actions we encounter. A

comparably strong motive may arise from the actor or ac-
tress of an action. Thus, when we encounter the same
actor again after a short (sub-minute) delay, we may tend
(whether consciously or not) to refer his current action to
others we saw him performing before. There is some ex-
perimental evidence for this assumption. For instance,
observers seem to automatically track an actor’s intentions
[Frith and Frith, 2012]. Observers can infer traits from one
single behavior [Todorov and Uleman, 2002] and use expe-
rience of past behavior to predict next actions [Frith and
Frith, 2012]. Brothers [1990] suggested that a face leads to
an automatic representation of the corresponding person
and their intentions even before becoming conscious.
Todorov et al. [2007] reported data from an fMRI study
showing that knowledge about a person was accessed
automatically when this person was seen a second time,
even if not remembered explicitly.

Building on these observations, the present fMRI study
tested the hypothesis that observers spontaneously take
action steps to pertain to the same action script, when per-
formed by the same actor. Thus, we assumed that when
participants repeatedly encounter the same actor perform-
ing single action steps, they spontaneously tend to inte-
grate this behavior with previously seen action steps
performed by the same actor. Importantly, we sought to
exclude any relation between these action steps that would
be implicated by an overarching goal or by direct temporal
succession. Accordingly, we used a 2 3 2 design, with
sequences of actions that pertained to the same actor (con-
dition actor-coherent goal-incoherent, AC), to the same
overarching goal (condition actor-incoherent goal-coherent,
GC), to both (condition actor-coherent goal-coherent 5

both coherent, BC) or none of them (condition actor-inco-
herent goal-incoherent 5 none coherent, NC) (Table I).
Actor or goal-coherent actions steps were not presented in
direct temporal succession but interleaved with trials of
other conditions (see Fig. 1 and Methods, for details).
Moreover, to make sure that we address spontaneous
behavior, we used an implicit task that did not address co-
herence. Note that we did not request the willful detection

Abbreviations

FFA Fusiform face area
vmPFC ventromedial prefrontal cortex

TABLE I. Experimental design

Goal coherence

1 2

Actor coherence 1 BC
1 Goal (Five to seven actions)

followed by one actor
10 actors ! 60 trials

AC
Five to seven independent actions

performed by one actor
10 actors ! 60 trials

2 GC
One goal (Five to seven actions) followed

by Five to seven actors
10 actors ! 60 trials

NC
Five to seven independent actions

performed by Five to seven actors
10 actors ! 60 trials
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of coherence, but simply tested whether brain activity
reflects the power of actor information to provoke the
spontaneous, even unconscious attempt to integrate sepa-
rate action steps.

We expected that brain areas involved in semantic inte-
gration would be particularly and increasingly challenged
by actor-coherent goal-incoherent episodes (AC), as com-
pared to all other factor level combinations. Thereby, we
would show that coherence of an actor triggers the sponta-
neous attempt to integrate action steps into a common
goal, even when they actually are not parts of a common
goal. More specifically, we predicted activation to increase
parametrically, i.e., with every additional action step of an
episode, in the left inferior frontal gyrus (IFG) for goal-
incoherent but not for goal-coherent episodes pertaining to
the same actor. We chose a parametric approach, as coher-
ence between action steps is dynamic: it either increases or
actually becomes less probable from one action step to the
other. The left IFG is suggested to contribute to semantic
retrieval (BA 47) and selection (BA 45) processes in mem-
ory [Badre and Wagner, 2007]. Both should be increasingly
involved when trying to find an overarching goal for a
goal-incoherent episode performed by one actor, since
more and more possible goals of the actions steps could
be retrieved with every movie and selected to fit to the
whole episode or script. In a recent study [Wurm and
Schubotz, 2012], left IFG was found to be activated when
participants observed actions in incompatible spatial con-
texts compared to compatible and neutral contexts. Thus,
activity in left IFG increased for instance when observing
a typical kitchen action at the office, or an office action at

the kitchen. Hence, IFG seems to reflect the increased
demands in semantic integration. Moreover, we expected
the same effect in dorsolateral prefrontal cortex (dlPFC)
due to increasing working memory load, i.e., increasing
demands on maintaining the accumulating number of sub-
goals to generate a higher-level goal [Owen, 1997; Rypma
et al., 2002].

In addition, we explored the main effect of actor coher-
ence. On the one hand, when actors are seen repeatedly
over a short time, they should become more familiar to
participants, even when they are not remembered explic-
itly (cf. [Todorov et al., 2007]) This familiarization could be
dynamically reflected by a parametric signal change, par-
ticularly in face-sensitive regions, e.g. the fusiform face
area (FFA; [Kanwisher et al., 1997]) and the hippocampal
formation [Trinkler et al., 2009]. On the other hand, coher-
ence building has been associated with several areas of the
medial wall including BA 9/10/11, posterior cingulate cor-
tex and precuneus, both in texts (for a meta-analysis, see
[Ferstl et al., 2008]) and in nonlinguistic paradigms [Wer-
heid et al., 2003; van der Graaf et al., 2006; Wurm et al.,
2011; K€uhn and Schubotz, 2012]. This endorsed our hy-
pothesis that these structures could be activated for AC
compared to actor-incoherent trials.

METHODS

Participants

Twenty-two right-handed, healthy and na€ıve volunteers
participated in the study. Four participants were excluded

Figure 1.

Stimuli and trial structure. Video clips showed action steps that

either pertained to an overarching goal or not. Actions were

performed either by one or by varying actors resulting in four

conditions BC (here depicted in green), GC (red), AC (yellow),

NC (blue). Video trials were occasionally followed by question

trials (here depicted in orange) that required participants to

confirm or reject a verbal action description (e.g., salting a

tomato) with respect to the preceding trial. Trial succession was

arranged such that five to seven films of one condition added up

to one episode. Episodes were partially overlapping with epi-

sodes of other conditions, that is, video clips of one episode

were mostly not shown in direct succession. A representative

video sequence is provided in Supporting Information.
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from the analysis due to technical problems or falling
asleep during the experiment, resulting in 18 participants
(11 females, mean 5 25.89 years, range 22–30 years). Par-
ticipants were informed about potential risks of magnetic
resonance imaging and screened by a physician. All partic-
ipants gave informed written consent to participate in this
study. The study was performed according to the Declara-
tion of Helsinki. Data was handled anonymously.

Stimuli

Participants were presented with video clips showing
actions (action trials) and with written action descriptions
referring to these actions (question trials). Each trial (6 s)
started with a video clip or a question (3 s) followed by a
fixation phase (3 s).

The video clips showed single action steps that were
performed either by one or by varying actors (factor
ACTOR COHERENCE). Action steps either pertained to
an action sequence with an overarching goal or without
(factor GOAL COHERENCE). This 2 3 2 design resulted
in four experimental conditions (BC, AC, GC, NC) (Table
I), each consisting of 60 action trials that were presented in
a pseudo-random trial design. The trials were arranged in
sequences of six action steps on average (two sequences of
five action steps, six sequences of six action steps, and two
sequences of seven action steps). The number of action
steps belonging to one sequence varied to prevent partici-
pants building up expectations about the structure of epi-
sodes. These episodes comprised overarching goals in the
conditions BC and GC but exposed independent subgoals
in conditions AC and NC.

To provide an example, an episode in condition BC
looked as follows (compare Fig. 1, green squares): an actor
takes a bun, cuts it, butters it, cuts cheese and puts it on
the bun. In condition GC (cf. Fig. 1, red squares), the first
actor takes a coffee filter, next an actress puts it in a plastic
filter, a second actress puts this on a cup, a third actress
fills coffee powder in the filter, an actor pours hot water
over it, and a fourth actress sugars the coffee. In the first
movie of condition AC (cf. Fig. 1, yellow squares), an ac-
tress is salting a tomato. Next, she strings pearls. The third
movie shows her making tea. Afterward, she staples some
papers. In the last movie, she laces a shoe. In condition
NC (cf. Fig. 1, blue squares) an actor turns a screw in a
board, an actress applies tooth paste on a brush, a second
actor uses a calculator, a third actor riffles, a second ac-
tress scrunches newspaper up and a third actress sharpens
a pencil. A representative video sequence is provided in
Supporting Information.

Task

Participants were instructed to watch the presented
video clips attentively. They were told that after some of
the video clips an action description would appear that ei-
ther corresponded to the content of the preceding video

clip or not and that they were to denote whether they
accepted or rejected the description. The response was
given on a two-button response box, using the index finger
to accept and the middle finger to reject the action descrip-
tion (e.g., salting a tomato). Half of them matched the object
manipulation shown in the preceding trial, the other half
did not. Reaction times (RTs) and error rates were ana-
lyzed to assess the behavioral performance.

Analyzed parameters and arrangement of video

sequences

To analyze the effect of episode building the position of
a video in a sequence was used as parameter POSITION
IN SEQUENCE. That is, in each actor-coherent episode
(BC and AC), the second occurrence of the actor was
assigned the value “2,” the third occurrence value “3” and
so on until the end of this episode (max. 7). Correspond-
ingly, in a goal-coherent episode (BC and GC), the second
action step was assigned the value “2,” the third action
step value “3” and so on. In order to control for unspecific
changes developing across several videos, these values
were also assigned to videos belonging to episodes of
incoherent goals and incoherent actors (NC).

The sequences of each condition were partially overlap-
ping, while the overlap was balanced across conditions to
avoid confounds due to different working memory loads.
On average, the video clips overlapped with video clips
from 1.18 6 0.04 (mean 6 standard error) episodes of
other conditions. In addition, the gaps between video clips
of a sequence had a maximum length of four video clips
from other conditions. The gap length was balanced across
conditions. Between two movies of one episode were on
average 1.82 6 0.09 trials, i.e., movies of other episodes or
questions. The mean number of video clips shown for the
completion of an episode was 12.9 6 0.36, including the
overlapping video clips of other episodes.

All in all, 40 actors performed different sets of actions in
the experiment. Every actor was assigned to one condition
and did not appear in any other. Overall, each actor
occurred six times on average during the experiment. In
conditions GC and NC, in which the actions in a sequence
were performed by different actors, the actors occurred
evenly distributed over the course of the experiment with
a gap length of 23 trials on average, while in conditions
BC and AC the gap was four trials at most (on average
1.82 6 1.2).

In this study, only the effects of “POSITION IN SEQUENCE” for
the actor-coherent conditions (BC and AC) and the main
effect of actor coherence will be reported, while further
effects are reported in Wurm and colleagues (in prep.).

Post fMRI session survey

In a post fMRI session survey, participants were pre-
sented with a questionnaire to establish their ability to rec-
ognize the actors’ faces. Participants were asked to guess
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how many different actors had occurred in the movies. In
addition, they were presented with 80 pictures of faces, 40
of which were faces of the actors and 40 were new. Recog-
nition performance was measured by the corrected Dis-
crimination index P(r), which is the difference between hit
rate and false alarm rate [Snodgrass and Corwin, 1988].
For the face recognition task, the hit rate was defined as
the sum of correctly recognized faces relative to the sum
of the maximal score of all faces shown in the videos, and
the false alarm rate as the sum of falsely indicated unre-
lated faces relative to the sum of the maximal score of all
unrelated faces. Finally, participants were asked to rate the
attractiveness of the actors on a four point Likert scale
running from 1 “not attractive” to 4 “very attractive.” On
a further four point Likert scale, participants rated how
peculiar looking the actors were from 1 “not peculiar” to 4
“very peculiar.” These ratings were conducted as both
attractiveness as well as peculiarity of actors may have the
potential to attract participants’ attention away from the
actions. In case they were not evenly spread across condi-
tions, we planned to include attractiveness and peculiarity
as regressors of nuisance in our design matrix.

Analyses of variance (repeated measures ANOVA) were
conducted to examine differences between the conditions.
In all analyses, the Greenhouse-Geisser epsilon was used
to correct the degrees of freedom where the assumption of
sphericity was violated.

MRI Data Acquisition

Imaging was performed on a 3-T Scanner (Siemens Mag-
netom TRIO, Erlangen, Germany) equipped with a stand-
ard birdcage head coil. Participants lay supine on the
scanner bed with their right index and middle fingers posi-
tioned on the response buttons of a response box. To pre-
vent head, arm, and hand movements, form-fitting
cushions were used. Participants wore earplugs to attenuate
scanner noise. Twenty-eight axial slices (4-mm thickness; 1-
mm spacing; 200-mm field-of-view; 64 3 64 pixel matrix;
in-plane resolution of 3 3 3 mm2) covering the whole brain
were acquired using a single shot gradient EPI sequence (2
s repetition time; 30 ms echo time; 90� flip angle; 116 kHz
acquisition bandwidth) sensitive to blood oxygen level de-
pendent (BOLD) contrast. There was one functional run
including 941 volumes, resulting in 31.37 min recording
time. After functional imaging, 28 anatomical T1-weighted
MDEFT images [Ugurbil et al., 1993; Norris, 2000] were
acquired. In different session, high-resolution whole brain
images were acquired from each participant to improve the
localization of activation foci using a T1-weighted 3D-seg-
mented MDEFT sequence with 128 slices.

MRI Data Analysis

After motion correction using rigid-body registration to
the central volume, the fMRI data were processed using the

software package LIPSIA [Lohmann et al., 2001]. A cubic-
spline interpolation was used to correct for the temporal
offset between the slices acquired in one image. To remove
low-frequency signal changes and baseline drifts a temporal
high-pass filter with a cutoff frequency of 1/115 Hz was
used. Spatial smoothing with a Gaussian filter of 5.65 mm
FWHM was applied. A rigid linear registration with six
degrees-of-freedom (three rotational, three translational)
was performed to align the functional data slices with a 3D
stereotactic coordinate reference system. The rotational and
translational parameters were obtained on the basis of the
MDEFT and the EPI-T1 slices to achieve an optimal match
between these slices and the individual 3D reference data-
set. The MDEFT volume dataset with 128 slices and 1-mm
slice thickness was standardized to the Talairach stereotac-
tic space [Talairach and Tournoux, 1988]. The rotational
and translational parameters were subsequently normal-
ized by linear scaling to a standard size. The resulting pa-
rameters were then used to transform the functional slices
using trilinear interpolation, so the resulting functional sli-
ces were aligned with the stereotactic coordinate system,
thus generating isotropic voxels with a spatial resolution of
3 3 3 3 3 mm2. The statistical evaluation was based on a
least-squares estimation using the general linear model for
serially autocorrelated observations [Friston et al., 1994;
Worsley and Friston, 1995]. The design matrix was gener-
ated with a gamma function, convolved with the hemody-
namic response function. Brain activations were analyzed
time-locked to onset of the movies, and the analyzed epoch
comprised the full duration of the presented movies (3 s),
the duration of the null events (6 s), and the RT in question
trials (max. 3 s). In addition, the parameter POSITION IN
SEQUENCE and the parameter PECULIARITY, as regressor
of nuisance, were included. For the main effect of actor co-
herence, the first trial of each episode was analyzed as
belonging to condition NC, as coherence emerged not
before the second trial of an episode. In the parametric anal-
yses, all trials were included as we were interested in the
change of activity during the unfolding of the whole epi-
sode. We here report the results of the parametric analysis

for the condition AC and a conjunction analysis of the para-

metric effects of condition AC and BC, as our hypotheses

addressed the effects of actor coherence, especially when

the goal was incoherent. To investigate the effect of actor

coherence in general, we conducted a conjunction analysis

of the main effects [(BC>GC) \ (AC>NC)].
A Gaussian kernel of dispersion of 4 s FWHM was

applied to the model equation, including the observation
data, the design matrix, and the error term, to account for
the temporal autocorrelation [Worsley and Friston, 1995].
Contrast images, that is, beta value estimates of the raw-
score differences between specified conditions, were gener-
ated for each participant. As the individual functional data-
sets were aligned to the same stereotactic reference space,
the single-subject contrast images were entered into a sec-
ond-level random effects analysis for each of the contrasts.
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For the group analyses, one-sample t-tests were used
across the contrast images of all participants that indicated
whether observed differences between conditions were sig-
nificantly distinct from zero. The t values were then trans-
formed into Z scores.

To correct for false-positive results, in a first step, an ini-
tial voxel-wise z threshold was set to z 5 2.576 (P 5

0.005). In a second step, the results were corrected for mul-
tiple comparisons using cluster-size and cluster-value
thresholds obtained by Monte Carlo simulations at a sig-
nificance level of P < 0.05, that is, the reported activations
are significantly activated at P < 0.05, corrected for multi-
ple comparisons at the cluster level.

Conjunctions were calculated by extracting the mini-
mum Z value of the two input contrasts for each voxel
[Nichols et al., 2005].

To test the hypothesis that IFG and dlPFC are specific for
the condition AC, we used the following analysis: we first
calculated four independent parametric contrasts for each of
the four factor level combinations. In a second step, we con-
trasted the parametric effect of AC episodes with each of the
remaining parametric contrasts. Finally, we built a conjunc-
tion of these three contrasts. The 3D T1-weighted whole-
brain scans were used to segment the left IFG and bilateral
dlPFC separately. The areas (for dlPFC superior and middle
frontal gyrus) were delimited according to anatomical land-
marks using the Talairach atlas [Talairach and Tournoux,
1988]. Small volume correction was performed, correcting
the results for a restricted search volume using the segmen-
tation. The volume was used to calculate the alpha level
within the IFG and the dlPFC. To correct for false-positive
activation a voxel-wise z-threshold was set to z 5 2.33 (P 5

0.01), with a minimum activation area of 195 mm3 for IFG
and 408 mm3 for dlPFC.

To test the two expectations on actor coherence effects,
we performed two analyses: First, to tap dynamic changes
due to the encounter of actor coherence, we calculated a
conjunction of the two actor-coherent parametric contrasts.
Second, to test the main effect of actor coherence, we con-
trasted actor-coherent with actor-incoherent trials, collaps-
ing across factor levels of goal coherence [(BC>GC) \
(AC>NC)].

RESULTS

Behavioral Results

Performance during the fMRI session was assessed by
RTs of correctly answered trials and the rate of incorrectly
answered trials (Table II). Repeated measures ANOVAs
were conducted for error rates and RT with the within
subject factors ACTOR COHERENCE and GOAL COHERENCE.

For the RTs a main effect of ACTOR COHERENCE was
found, F(1, 17) 5 4.55, P 5 0.048. Bonferroni adjusted post
hoc tests showed that the latencies for actor-coherent trials
(1,094 6 91 ms) were significantly shorter than for actor-

incoherent trials (1,119 6 89 ms). The interaction was also
significant, F(1, 17) 5 14.14, P 5 0.002. Bonferroni adjusted
post hoc tests showed that the latencies for condition BC
(1,052 6 92 ms) were significantly shorter compared with
conditions AC (1,136 6 93 ms) and GC (1,157 6 90 ms)
and latencies for condition NC (1,082 6 91 ms) were sig-
nificantly shorter than for conditions AC and GC. There
were no significant main effects or interaction for error
rates. The average error rate was low (6.2 6 1.1).

Face recognition was measured in a post-session recog-
nition test comprising two steps. First, participants were
asked to guess how many actors had been shown during
the experiment. On average, participants estimated 13.8 6

1.7 actors to have appeared in the experiment, albeit there
were 40 actors.

Subsequently, they performed an old/new recognition
task by differentiating between faces belonging to the actors
and to unfamiliar persons. Because of technical problems,
only the face recognition data of 11 participants was
recorded. The average probability of recognition was 0.39 6

0.06 (hit rate 0.47 6 0.06, false alarm rate 0.09 6 0.08), with
no significant differences between conditions. A one sample
t-test revealed that the probability of recognition differed
significantly from chance level (0), t(10) 5 6.64, P < 0.001.
Participants needed 1,145 6 25 ms for their response with
no significant differences between conditions.

The attractiveness rating (1 “not attractive” to 4 “very
attractive”) revealed no significant differences in attractive-
ness of the actors between conditions (1.8 6 0.08). A
repeated measures ANOVA with the within subject factors
ACTOR COHERENCE and GOAL COHERENCE for the
peculiarity rating (4 “not peculiar” to 4 “very peculiar”)
revealed a significant main effect for ACTOR COHER-
ENCE, F(1, 17) 5 6.44, P 5 0.021, a significant main effect
for GOAL COHERENCE F(1, 17) 5 6.19, P 5 0.024 and a
significant disordinal interaction, F(1, 17) 5 31.48, P <
0.001. Bonferroni adjusted t-tests showed that actors in
condition NC (2.48) were significantly more peculiar than
in conditions GC (2.05; P < 0.001) and AC (2.06; P <
0.001). Therefore, peculiarity was included in the fMRI
analysis as regressor of nuisance.

FMRI Results

In a first step, we tested the hypothesis that actor-coherent
episodes with no overarching goal would parametrically

TABLE II. Means and standard error of reaction times,

and error rates for conditions BC, GC, AC, and NC

Condition RT (ms) SE (ms) Error rate (%) SE (%)

BC 1,052 92 5.1 1.5
GC 1,157 90 9.7 3
AC 1,136 93 4.6 1.2
NC 1,082 91 5.6 2.1

RT: mean reaction times, SE: standard error.
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increase activity in IFG and dlPFC. We conducted a para-
metric contrast POSITION IN SEQUENCE for the condition
AC. As a result, POSITION IN SEQUENCE covaried posi-
tively with activity in left IFG (BA 47/45), left dlPFC (supe-
rior frontal sulcus), as well as ventromedial prefrontal
cortex (vmPFC; BA 10/11) and adjacent posterior mesial or-
bital sulcus (orbitofrontal cortex, mOFC, hereafter) (for a list
of all activations, see Table III; Fig. 2). To ensure that activa-
tions in IFG and dlPFC were specific for condition AC we
calculated paired t-tests of condition AC with conditions
BC, GC, and NC and subsequently computed a conjunction
of these three contrasts, so that only activations that were
common for all three contrasts would be addressed. Left
IFG was activated significantly higher for condition AC than
for any other condition, but dlPFC was not.

To investigate our second hypothesis regarding the effects
of actor coherence independently of goal coherence during
episodic unfolding, we computed a conjunction of the para-
metric contrasts POSITION IN SEQUENCE of conditions
AC and BC. This analysis yielded common activation in

vmPFC (BA 11) and the left anterior superior frontal sulcus
(aSFS) (Fig. 3; Table III). Thus, activation increased in these
areas with the number of times that the same actor reap-
peared, no matter whether the actions that he or she per-
formed built a coherent overarching goal or not.

To ensure that activation in vmPFC and aSFS was specific
for actor coherence, we conducted ROI analyses. To prevent
double dipping [Kriegeskorte et al., 2009], ROIs were deter-
mined by a trial split procedure, in which odd and even epi-
sodes were divided into two subsets. A first parametric
contrast was calculated for odd episodes and a second para-
metric contrast for even episodes. Peak activation voxels
were identified in one contrast and used as ROI in the other
contrast and vice versa. Talairach coordinates derived from
these analyses were for the aSFS x 5 229, y 5 23, z 5 45 for
odd episodes and y 5 223, y 5 29, z 5 45 for even episodes
and for vmPFC x 5 22, y 5 38, z 5 212 for odd episodes
and y 5 25, y 5 26, z 5 212 for even episodes. Two
repeated measures ANOVA with the factors ACTOR CO-
HERENCE (actor coherence vs. incoherence), GOAL

Figure 2.

Parametric effect of unfolding of episodes with incoherent goals but coherent actors (AC), that

is, increase in activation from the first to the last clip of an episode (z > 2.576; corrected cluster

threshold P < 0.05); IFG inferior frontal gyrus, vmPFC ventromedial prefrontal cortex, SFS/MFG

superior frontal sulcus/middle frontal gyrus.
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COHERENCE (goal coherence vs. incoherence), and TRIAL
GROUP (odd vs. even episodes) were conducted (Fig. 4). For
aSFS there was a significant main effect for ACTOR COHER-
ENCE, F(1, 17) 5 10.16, P 5 0.005, such that actor coherence
(mean beta 5 0.006) showed significantly more activation in
aSFS than actor incoherence (mean beta 5 20.001). No other
main effect or interaction became significant, all P > 0.3.

For vmPFC, there was a marginally significant main
effect for ACTOR COHERENCE, F(1, 17) 5 4.13, P 5 0.058,
such that actor coherence (mean beta 5 0.008) showed
more activation in vmPFC than actor incoherence (mean
beta 5 0.002). No other main effect or interaction were sig-
nificant, all P > 0.1.

Finally, to examine if areas of the medial wall would be
activated for the main effect of actor coherence, independ-
ently of the presence of an overarching goal, a conjunction
analysis for [(BC>GC) \ (AC>NC)] was conducted (for
the results of the two main effects see Supporting Informa-
tion). We found decreases of activation for actor coherence
in the vmPFC (BA 11) and the bilateral fusiform gyrus in
the FFA (Fig. 5; Table III). No regions showed significant
increases of activation.

DISCUSSION

The present fMRI study was built on the assumption
that the continuity of the actor provides a cue for

coherence of actions that we perceive, and hence shape
our expectations toward upcoming action steps that
pertain to the same actor (cf. [Frith and Frith, 2012]).
Based on own and others’ findings on semantic inte-
gration in left prefrontal sites [Badre and Wagner,
2007; Wurm and Schubotz, 2012], we used fMRI to
study this hypothesized bias. We used a 2 3 2 design
with the factors ACTOR COHERENCE (coherent, inco-
herent) and GOAL COHERENCE (coherent, incoherent),
with both factors being task-irrelevant in order to tap a
spontaneous bias.

As hypothesized, activity in the left IFG parametrically
increased with unfolding of goal-incoherent episodes only
when they were actor-coherent (AC). The same interac-
tion-specific increase was recorded in the mOFC.

When exploring effects of actor-coherent episode unfold-
ing independent of goal coherence, activity increased with
re-encounters of the same actor in vmPFC and left dlPFC
(in particular aSFS), the latter finding is at variance with
our hypothesis, because this effect was expected to be spe-
cific for actor-coherent episode unfolding only for goal-
incoherent episodes.

Finally, there was a main effect for actor incoherence
in vmPFC and the FFA, that is, both areas showed over-
all more activation in actor-incoherent than in actor-
coherent episodes. Findings will be consecutively dis-
cussed in the following.

TABLE III. Areas activated in the parametric analysis for goal-incoherent/actor-coherent episodes (AC) during epi-

sode unfolding, that is, increase in activation from the first to the last clip of an episode; in conjunction of paramet-

ric analyses for goal-incoherent/actor-coherent episodes (AC) and goal-/actor-coherent episodes (BC); and in

conjunction analysis actor-coherence independent of goal-coherence (BC>GC) \ (AC>NC).

Localization x y z Z mm3

Parametric contrast for condition AC
vmPFC 28 44 23 3.74 1,107
vmPFC 7 35 212 3.30 216
mOFC 211 23 212 3.59 243
mOFC 7 20 212 3.19 l.m.
MFG/SFS 232 23 51 3.62 216
IFG (BA 45/47) 247 26 3 3.31 270
IFG (BA 45) 247 23 15 2.6 l.m.
Postcentral gyrus 229 231 69 3.45 405
Precentral gyrus 238 219 63 3.95 567
Posterior insula 37 219 18 4.03 999
Posterior IFG/precentral gyrus 52 24 24 3.91 756
Occipital areas 28 294 15 3.85 1,026

Conjunction of parametric contrasts for conditions AC and BC
vmPFC 22 44 212 3.17 837
aSFS 229 20 48 2.95 378

Conjunction analysis actor-coherence independent of goal-coherence (BC>GC) \ (AC>NC)
vmPFC 1 29 212 23.15 1,431
FFA 235 243 215 23.56 1,404
FFA 34 243 215 23.59 1,431

Macroanatomical specification, Brodmann area (BA), Talairach coordinates (x, y, z), and maximal Z scores (Z); corrected for multiple
comparisons at P < 0.05. vmPFC ventromedial prefrontal cortex, OFC orbitofrontal cortex, MFG middle frontal gyrus, (a) SFS (anterior)
superior frontal sulcus, IFG inferior frontal gyrus, FFA fusiform face area, l.m. local maxima.
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Figure 3.

Conjunction of the parametric effects of unfolding of actor-coherent episodes, independent of

goalcoherence [BC \ AC] (z > 2.576; corrected cluster threshold P < 0.05); aSFS anterior

superior frontal sulcus, vmPFC ventromedial prefrontal cortex.

Figure 4.

Main effect of actor coherence in ROI analyses for left anterior

superior frontal sulcus (aSFS) and ventromedial prefrontal sulcus

(vmPFC). Coordinates of ROI were derived from a trial split

procedure to prevent double dipping [Kriegeskorte et al., 2009].

The effect of actor coherence is demonstrated by mean beta

values extracted from conditions actor-coherent goal-coherent

(BC), actor-incoherent goalcoherent (GC), actor-coherent goal-

incoherent (AC), and actor-incoherent goal-incoherent (NC)

(error bars indicate standard errors).
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Goal Incoherence Disturbs Observation of Actor-

Coherent but Not Actor-Incoherent Actions

The left IFG is related to semantic memory recall, espe-
cially with semantic retrieval (BA 47) and selection (BA
45) [Badre and Wagner, 2007] and was found to be
enhanced when the spatial context of an action rendered it
difficult to come up with a meaningful interpretation of its
goal (e.g., when a typical kitchen action was performed in
an office) [Wurm and Schubotz, 2012]. Left IFG was sug-
gested to reflect the increased demand in semantic integra-
tion in such a situation. In goal-incoherent episodes
performed by the same actor (AC), the situation is similar
with regard to the induced semantic conflict. Here, more
and more action steps were seen that could not be inte-
grated easily into one overarching goal. The common
actor, however, obviously implied these action steps to
belong together. Importantly, this IFG enhancement was
neither observed for action sequences connected by a sin-
gle actor and a common goal (BC), nor for action sequen-
ces connected by a common goal only (GC).

Although semantic integration based on script knowl-
edge is classified as a subtype of semantic knowledge/
memory [Kintsch, 1980; Funnell, 2001], it strongly alludes
to the temporal structure of an action sequence. That is,
the meaning of an action in the sense of the action’s goal
depends not only on the sum of applied manipulations
but also on their correct (efficient) sequential order. This
temporal structure of action, or action sequencing, is often
also referred to as “action syntax.” Therefore, “action syn-
tax” and “action semantics” are often difficult to disentan-
gle, and action semantics may even sometimes derive
from action syntax and vice versa. To avoid confusion

here, it is important to note that in the present study, inco-
herent episodes were not simply randomized coherent epi-
sodes, but also differed with regard to the identity of
manipulated objects.

We suggest that a possible strategy to reconcile the con-
flict induced by an actor performing unrelated action steps
is to retrieve possible goals from long-term memory that
may help to generate a plausible, coherent episode. Inter-
estingly, in language processing, left IFG (BA 45/47) is
sensitive to violations against world knowledge, even if
the discourse context indicates a situation in which the
violation is acceptable [Menenti et al., 2009]. In the current
study, goal-incoherent actions performed by one actor
may have the same effects as a violation of world knowl-
edge, although in the context of the experiment, each sin-
gle action step was absolutely acceptable. Thus, unrelated
action steps performed by one single actor are only weakly
associated by world knowledge and hence are not obvi-
ously connected by an overarching goal. For instance, one
may engage in stringing pearls after salting a tomato, but
this sequence of action steps may be much rarer in every-
day life than eating the tomato or slicing bread.

Likewise, weak associative strength in word pairs
(note—scale vs. bouquet—flower) during decisions about
analogical and semantic relations increases both task diffi-
culty and activation in IFG [Bunge et al., 2005]. Against
this background, our findings strongly support the notion
that observers implicitly expect coherence in an observed
actor’s behavior—even against all odds. That is, informa-
tion about the actor is processed, no matter if this process-
ing is conscious, required or even advantageous for the
task at hand. Behavioral observations from related studies
support this interpretation. For instance, participants

Figure 5.

Conjunction of the main effects of actor coherence versus incoherence, independent of goal

coherence [([BC>GC) \ (AC>NC)] (z > 2.576; corrected cluster threshold P < 0.05); FFA

Fusiform face area, vmPFC ventromedial prefrontal cortex.
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perceive variable behavior of a person as coherent if they
can identify an overarching goal [Plaks et al., 2003]. Fur-
ther, infants at the age of one expect actors to continue to
pursue similar goals, even if there are minor changes to
the context [Kuhlmeier et al., 2003; Song and Baillargeon,
2007].

Interestingly, RTs recorded in the present fMRI study
seemed to endorse the peculiarity of episodes with mixed
coherence, and hence the fMRI findings. Thus, we found
significantly longer RTs for questions following video clips
of conditions GC and AC as compared to the conditions
BC and NC. Accordingly, either entirely coherent or
entirely incoherent action sequences were responded faster
to than those that were mixed coherent/incoherent. One
can speculate that here, additional mental processes were
triggered in an attempt to resolve this conflict between the
goal level and the actor level. Note that trial-related RTs
entered the design matrix as regressor of nuisance, and
hence, their effect was cancelled out from fMRI data.

Although behavioral data dovetail with our fMRI find-
ings, two caveats have to be issued with regard to their
interpretation. First, participants’ task was not related to
the manipulation that we investigated with fMRI, as we
aimed to tap fMRI effects of spontaneous processing of
task-irrelevant (actor) information. The employed task sim-
ply served to ensure that participants attend to the pre-
sented object manipulation. Second, responses were not
required or delivered during action observation or imme-
diately afterwards, but only after a question trial had
started, that is, about 3 s after the end of the video. As
actions can be recognized very quickly after video onset
(cf. [Wurm and Schubotz, 2012]), this delay between recog-
nition and reaction (about 5 s) queries the interpretability
in terms of statistical condition-related effects. Future stud-
ies are required to further explore these effects.

Actor Re-encounters Spontaneously Trigger

Further Frontal Responses

Our hypothesis-driven results point to a strong and
spontaneous tendency to process actor information when
observing actions, no matter if this is advantageous or
even required. In case of goal-incoherent actions, it even
leads to additional processing costs (i.e., BOLD increase)
that did not pay off for the given task.

Interestingly, we found that this evidence was fostered
when exploring further, non-hypothesis-guided contrasts.
We would like to close our discussion with shortly consid-
ering these post hoc findings, also seeking to identify
working hypotheses for future research.

First, we found activation in mOFC to co-increase in
activation with left IFG. MOFC and adjacent anterior cin-
gulate were found to be structurally altered in depression
[Ballmaier et al., 2004] and may reflect regulation of nega-
tive affect [Cooney et al., 2007; Kross et al., 2009; New-
man-Norlund et al., 2009]. Hence, co-active mOFC lends

further support to the notion that the brain tried to recon-
cile actually goal-unrelated action steps, a mostly fruitless
and hence frustrating endeavor.

Second, re-encountering an actor after a short (within-
minute) delay gave rise to a lower BOLD in the FFA
[Kanwisher et al., 1997; Larsson and Smith, 2012]. Notably,
this effect cannot be based on a difference in number of
different faces between the actor-coherent and actor-inco-
herent conditions since these conditions overall contained
the same number of actors. Instead, this effect again points
to a particular challenge to memorize and retrieve familiar
actors, though not on a conscious level.

Finally, two frontal areas—left aSFS in dlPFC, and
vmPFC—were found to be sensitive for actor re-encounter
but, in contrast to left IFG or mOFC, independently of goal
coherence. As activity increased with the times partici-
pants encountered the same actor again, these findings
imply that (the task irrelevant) information about the actor
was spontaneously coded.

Speculating on the general meaning of these activations,
we suggest that the brain memorizes an actor because this
may help to shape expectations to upcoming actions of the
same actor. Obviously, such a shaping of expectations is
only viable when actor information is processed very
quickly. That is what is indicated by EEG [Barbeau et al.,
2008] and behavioral studies [Usakli et al., 2011], which
report effects of face recognition within 200 ms after stim-
ulus onset.

For the dlPFC, we hypothesized that an actor-coherence
driven BOLD increase should be restricted to goal-incoher-
ent episodes (AC), suggesting that recollecting all actions
associated with this actor should (a) occur spontaneously
and (b) be particularly challenging when single actions do
not pertain to one common goal. However, this latter
restriction was not observed. The aSFS, belonging to the
dlPFC, is known to be involved in a core feature of work-
ing memory, that is, the selection operation that retrieves
the most relevant item from memory [Bledowski et al.,
2009]. This operation is needed when some items main-
tained in working memory become transiently more im-
portant than others. During the course of actor-coherent
episodes (BC and AC), probably more and more selection
operations were needed as the participant tried to select
movies with the same actor from the movies maintained
in working memory. As dlPFC increase was not bound to
goal coherence, we take this effect to reflect that actor in-
formation serves as a cue triggering the retrieval of associ-
ated information (here: actions performed by this actor)
from working memory. However, whether it was possible
to integrate this set of actions into a global goal-directed
action (BC) or not (AC) did not modulate dlPFC activity.

In contrast, vmPFC is clearly not a classical component
of working memory. Anterior regions of the PFC are sug-
gested to subserve relational integration [Ramnani and
Owen, 2004; Bunge et al., 2005; Green et al., 2006; Cho
et al., 2010], that is, considering multiple relations or rep-
resentations simultaneously [Christoff et al., 2001; Bunge
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et al., 2005]. This is particularly relevant when evaluating
new information’s consistency with long-term memory
contents. An observed action might be compared to long-
term memory content about the same action and/or the
same actor. When re-encountering an actor, all occasions
in which the actor was seen before might be reconsidered
and, if possible, integrated (cf. [Frith and Frith, 2012]).
This interpretation would also account for the vmPFC
main effect when contrasting actor-coherent with actor-
incoherent episodes (BC and AC vs. GC and NC). For the
latter condition, the gap between re-encounter of an actor
was much larger than for actor-coherent ones (on average
23 trials vs. 2 trials), and hence, more actions and actors
were seen in between the re-encounters of the same actor.
Thus, in an attempt to integrate the actions accomplished
by this actor, even when goal-incoherent, more interim
actions might have been considered in actor-incoherent
(GC, NC) as in actor-coherent (BC, AC) episodes.

However, this study did not guide participant’s atten-
tion to the actor or episodic structures between action
steps; and indeed, behavioral findings of the post-fMRI
face recognition test showed that actor information was
not necessarily processed on a conscious level: Participants
estimated that they were presented 14 actors altogether in
our study, whereas actually they saw 40. Thus, if partici-
pants used actor information to shape their expectations
on the action-goal level, they probably or mostly did so in
a nondeliberate way.

It is likewise conceivable that the brain uses the actor’s
identity as an indirect predictor of the upcoming action
structure, that is, as bias trigger. That is because, actor
identity was indeed indicative of either goal-coherent or
goal-incoherent action. Similar biasing mechanisms have
been investigated in the area of decision making [Volz and
von Cramon, 2006; Rushworth et al., 2011], but may be
based on a common or overlapping network of brain
areas, with frontomedian areas as a core structure. Thus,
bias in expectation reduces the value of alternative expect-
ations, no matter whether these alternatives lead to differ-
ent decisions or not. For instance, in a recent fMRI study
[Schiffer et al., in press] participants were shown video
clips of actions while their expectation toward the course
of these actions was manipulated. Here, activity in vmPFC
and adjacent ACC increased when expectation became bi-
ased towards one course of the presented actions.

CONCLUDING REMARKS

Present findings suggest that actor information modu-
lates brain activity during action observation, even when
task-irrelevant. Unrelated action steps performed by one
actor appear to trigger a search in semantic memory in an
attempt to construe an overarching goal that can reconcile
the disparate action steps with a coherent intention. Thus,
action steps assigned to one actor are expected to lead to a
coherent, overarching goal. Even interruptions by other

actions and actors do not prevent the buildup of a mem-
ory trace, pointing to a spontaneous expectation bias to-
ward episodes.
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