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Abstract

Being able to infer the thoughts, feelings and intentions of those around us is indispensable in order to function in a social
world. Despite growing interest in social cognition and its neural underpinnings, the factors that contribute to successful mental
state attribution remain unclear. Current knowledge is limited because the most widely used tasks suffer from two main
constraints: (i) They fail to capture individual variability due to ceiling effects and (ii) they use highly simplistic, often artificial
stimuli inapt to mirror real-world socio-cognitive demands. In the present study, we address these problems by employing
complex depictions of naturalistic social interactions that vary in both valence (positive vs negative) and ambiguity (high vs
low). Thirty-eight healthy participants (20 female) made mental state judgments while brain responses were obtained using
functional magnetic resonance imaging (fMRI). Accuracy varied based on valence and ambiguity conditions and women were
more accurate than men with highly ambiguous social stimuli. Activity of the orbitofrontal cortex predicted performance in the
high ambiguity condition. The results shed light on subtle differences in mentalizing abilities and associated neural activity.
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Introduction

Humans are remarkably versed at reading what is on another
person’s mind. When encountering a group of people, with just
a quick glance one can often grasp the overall mood and sense
signs of either rapport or tension. This process requires both
emotion recognition and theory of mind (ToM) and provides us
the information we need to modify our own behavioral re-
sponse. Hence, the ability to infer other peoples’ intentions,
thoughts and emotions (i.e. their internal mental states, hence-
forth referred to as mental state attribution) is critical for navi-
gating our social environment including our capacity to form
and maintain social bonds (Sasson et al., 2013). Over the past

two decades, research on socio-cognitive processes underlying
mental state attribution has grown exponentially, reflecting an
increased appreciation for their significance for various major
life outcomes. Mental state attribution is crucial for social com-
petence (Couture et al., 2006) which in turn is a critical predictor
of key endpoints across multiple domains including education
and employment (Denham et al., 2013; Jones et al., 2015) as well
as mental (Kawachi and Berkman, 2001; Ciarrochi, 2002; Carter
et al., 2010; Jones et al., 2015) and physical health (Callaghan,
1993; Uchino, 2006; Holt-Lunstad et al., 2010).

Given the importance of socio-cognitive skills, surprisingly
little is known about individual differences in the ability to
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make adequate mental state judgments. While there is evi-
dence for social cognition deficits in several clinical populations
including Autism Spectrum Disorders (ASD; Baron-Cohen et al.,
2000; Klin et al., 2002) and schizophrenia (Bellack et al., 1990;
Mueser et al., 1996), behavioral data on normal variation in
healthy, neurotypical adults is still scarce.

Evidence from both self-report measures and brain imaging
data, on the other hand, robustly point to considerable variance
in social cognition (Hooker et al., 2010; Wagner et al., 2011;
Regenbogen et al., 2015). Self-report data predominantly indicate
an advantage for women with regard to mindreading abilities
(e.g. Baron-Cohen and Wheelwright, 2004; Rueckert and Naybar,
2008), yet, this finding needs further substantiation through
performance data (Grimshaw et al., 2004; Krach et al., 2009;
Derntl et al., 2010). Similarly, a growing body of work points to
differences in the neural processing of social stimuli within
healthy populations (e.g. Rueckert and Naybar, 2008; Schulte-
Rüther et al., 2008; Spreckelmeyer et al., 2009; Hooker et al., 2010;
Yucel et al., 2015). The network which underlies our capacity
to infer the internal states of others using cognitive processes
(i.e. as opposed to affect sharing) is referred to as ToM or men-
talizing network and subsumes the medial prefrontal cortex
(mPFC), the precuneus, the temporo-parietal junction (TPJ) and
the temporal poles (Frith and Frith, 2003; Saxe et al., 2006; Van
Overwalle and Baetens, 2009; for a meta-analysis see Bzdok
et al., 2012). Previous research by Wagner et al. (2011) illustrates
that even in the absence of an explicit ToM task, the degree
to which people activate this network in response to social
stimuli varies as a function of self-reported empathy levels.
Furthermore, structural imaging studies demonstrate that grey
matter volume in structures which are essential for affective
ToM (i.e. inferring emotional states rather than beliefs) namely
the amygdala and the orbitofrontal cortex (OFC, as shown for
instance by lesion studies: Adolphs et al., 1998; Anderson et al.,
1999; Stone et al., 2003) are positively correlated with the size of
a person’s social network (Powell et al., 2012; Bickart et al., 2014).
Taken together, these findings point to considerable heterogen-
eity of socio-cognitive abilities that currently is not properly re-
flected in performance data of most social cognition tasks.
Consequently, there is limited insight into brain-behavior rela-
tionships, i.e. how neural activity observed during mental state
attribution relates to the validity of the judgment made.

A major limitation for research on normal variation is that
most studies use highly simplistic stimuli and fail to capture
the demands posed by real-life social encounters. Therefore,
the majority of these tasks produce ceiling effects in behavior
responses (Dodell-Feder et al., 2013; Chiu et al., 2015; Henry et al.,
2015). While, on the one hand, they allow for tightly controlled
experiments, overly simplistic models also come at an import-
ant cost: They are bound to be artificial, because the target proc-
esses (e.g. reading a facial expression) do not occur as stand-
alone events in real life, but are closely tied in with other cues
and contextual information. Notably, social context influences
how we perceive emotions (Kret and de Gelder, 2010). Hence,
showing interactions of several people rather than an isolated
facial expression will result in greater ecological validity and in-
creases ToM-related neural activity compared to viewing a sin-
gle person (Iacoboni et al., 2004). Similarly, body language
contributes significantly to our overall assessment of a person’s
internal state. In contrast to facial expressions, bodily expres-
sions can be read from a distance and convey a unique, more
immediate type of information (de Gelder, 2009) which is taken
into account in real-life social situations. Outside the laboratory,
the difficulty of mental state attribution often lies in the fact

that emotions and mental states are merely insinuated. Hence,
research can benefit from more ambiguous, lower-intensity
stimuli that mimic real-life demands more closely (Chiu et al.,
2015). Supporting this view, Leppanen and Nelson (2009) dem-
onstrated that participants find emotion recognition more chal-
lenging the closer the stimulus’ resemblance to a real face.
Moreover, striking implications come from studies that com-
pared authentic social stimuli to professional reenactments or
posed versions of the same stimulus. These studies found that
authenticity significantly affects neural processing in key men-
talizing regions including the mPFC and also left no doubt re-
garding participants’ ability to distinguish between real and
posed recordings of emotional prosody at a rate greatly above
chance level (Drolet et al., 2012; Pinkham et al., 2014). The fact
that accuracy of authenticity judgments not only varied sub-
stantially among individuals (69–93%), but also predicted the
size of the neural responses in key ToM regions (mPFC, precu-
neus; Pinkham et al., 2014) raises several important questions:
(i) Is the ability to identify ‘true’ expressions of emotions already
a reflection of a person’s socio-cognitive skills? (ii) What does it
mean for the interpretation of results when part of the sample
treated the stimuli as being authentic, while others thought of
them as being fake? Even though these findings are based on
auditory experiments, they may translate to other modalities
including visual stimuli. Hence, in order to avoid potential con-
founding variables, research can benefit from using authentic
stimuli where feasible.

In the present study we used a newly developed paradigm,
the Social Detection Task, which was designed to overcome
limitations of previous research by employing photographs
of naturalistic human social interactions of varying degrees of
ambiguity. Our aim was to use this task to (i) shed light on the
neural correlates of mental state attribution in a healthy, neuro-
typical adult population and (ii) to explore individual differ-
ences in mental state attribution including gender effects.

Materials and methods
Participants

Forty-two right-handed volunteers (mean age ¼ 23.88 6 3.35, age
range 18–30; 21 female) with no history of psychiatric or neuro-
logical disorders participated in the study. The study was
approved by the Ethics Committee of the Medical Faculty of the
RWTH Aachen University. Participants were pre-screened for
MR-eligibility, provided written informed consent and were
compensated for participation. Four subjects were subsequently
excluded from the analysis due to excessive head motion dur-
ing fMRI scanning (one subject) or insufficient task performance
(i.e.> 40% missed trials (one subject) or< 60% correct trials (two
subjects)). The final sample consisted of 38 people (mean
age¼ 24.14 years, age range 18–30; 20 female).

Measures
Questionnaires

All participants completed the full-length version of the Social
Skills Inventory (Inventar sozialer Kompetenzen, Kanning,
2009), a 108-item self-report instrument designed to assess a
broad spectrum of social competences comprising four sub-
scales: (i) social orientation, (ii) assertiveness, (iii) self-
management and (iv) social reflection. High test–retest reliabil-
ity (0.80–0.87) and internal consistency (0.69–0.90) have been
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reported for this instrument (Kanning, 2009). To shed light on
subjects’ social skill level from a different angle, we further
included the Lubben Social Network Scale (Lubben, 1988).
Participants gave estimates of their social network size and the
amount of social support they receive by indicating, for ex-
ample, how many friends they talk to in a normal week. The
subscales ‘family’ and ‘friends’ of the abbreviated version
(Lubben et al., 2006) were used. Social network size is positively
linked to both trait empathy (Trobst et al., 1994), and grey matter
volume of several key structures within the social brain (Bickart
et al., 2011; Lewis et al., 2011; Powell et al., 2012).

Stimuli and task

During scanning, participants saw photographs of real-life so-
cial interactions from two to four people (two: 80%, three: 13%,
four: 7%), which were taken in a complex naturalistic environ-
ment. The social interactions took place in various daily life
situations (e.g. shopping, eating at a restaurant, waiting for
the bus) that most people have experienced. To account for the
broad spectrum of interpersonal relationships that social en-
counters can be imbedded in, stimuli included interactions
between romantic partners, friends, coworkers, salesclerks and
costumers and family members. All interactions occurred
naturally at a time when protagonists were unaware of being
photographed so as to ensure authenticity of the emotional ex-
pression. The photos depicted people of different age, gender
and ethnicity. In all pictures, individuals were shown either in
full or at least from the hip upward to include information from
body language.

Based on a rating (n¼ 23, 14 female), sixty images of social
interactions consistently described as positive or negative (as
opposed to neutral) on a 9-point Likert scale were preselected
from a pool of initially 281 images. In order to confirm suitability

for the assigned valence category, the final picture set was eval-
uated again by a separate, larger group of raters (n¼ 37, 19 fe-
male). Excellent inter-rater agreement (calculated as the mean
absolute agreement in a two-way random model) was found
(ICC(2,37) ¼ 0.986). In addition to valence, the pictures also varied
with regard to the level of ambiguity of the social scene. Scenes
rated as highly positive or negative were defined as unambiguous
(i.e. easy) items, whereas scenes in which the valence was more
subtle were defined as more ambiguous (i.e. difficult) items. The
final picture set consisted of 30 ambiguous and 30 unambiguous
items. Participants were instructed to judge the valence of the so-
cial situation from the perspective of those depicted in the scene.
For control trials, comparable scenes not containing people were
used and participants were asked to evaluate the valence of the
location instead. In each of the six blocks, a total of 15 images
(5 positive, 5 negative, 5 control) were presented in an event-
related fashion. At the beginning of each block the corresponding
instruction (either ‘is this scene pleasant?’ or ‘is this scene un-
pleasant?’) was shown for 5000 ms (Figure 1). The terms ‘pleas-
ant’ and ‘unpleasant’ (rather than ‘positive’ and ‘negative’) were
used to refer to the social interactions in a way they might
be described as in every-day language and thus would sound
more natural to participants. Moreover, less strong labels were
deliberately chosen as they provide a more apt description of the
subtle emotional stimuli used here. Stimuli were presented in a
pseudorandomized order for 1500 ms each and were followed by
an inter-trial interval (ITI) varying between 2500 and 5000 ms
(mean¼ 3750 ms) during which a fixation cross appeared.
Subjects were asked to answer with ‘yes’ or ‘no’ via a key press
on a Lumitouch response panel with their right index and middle
finger, respectively. All participants completed a practice run
with similar pictures not included in the experiment to familiar-
ize with the task before scanning. Statistical analyses were con-
ducted using IBM SPSS 20.

Fig. 1. Experimental Design. During fMRI scanning, participants judged the valence of 30 positive and 30 negative social scenes and 30 non-social control scenes. At the

beginning of each run an instruction screen delivered the question to be answered in this run (either ‘scene pleasant?’ or ‘scene unpleasant?’) Each run consisted of 5

stimuli from each category (positive, negative, control) with half of the runs using unambiguous and half ambiguous stimuli.
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Image acquisition

Functional imaging was performed on a 3-Tesla Magnetom
Prisma fit scanner (Siemens, Erlangen, Germany) using a stand-
ard 32-channel Radio Frequency head coil. A T2*-weighted echo
planar imaging (EPI) sequence (matrix size¼ 64� 64; field of
view¼ 224 mm; repetition time¼ 2.2 s; echo time¼ 30 ms; flip
angle¼ 77�) was used to acquire 36 axial slices (thickness 3.5
mm, inter-slice gap 0.4 mm). For each participant, a total of 360
whole-brain volumes were acquired in one session, lasting ap-
proximately 15 min. Each session began with six dummy scans
to allow the magnetization to stabilize, which were later
dropped from the analysis. Subsequent to the experiment, a
high-resolution T1-weighted scan was acquired for every sub-
ject using a standard MP-RAGE sequence (1 mm� 1 mm� 1
mm, 176 slices). Stimulus presentation and recording of subject
responses was controlled through Presentation 16.3 software
(Neurobehavioral Systems, Inc., San Francisco, CA). Visual stim-
uli were presented on a 24” screen (Cambridge Research
Systems) within the scanner bore which the subject saw via a
mirror mounted to the head coil.

Data processing and analysis

Preprocessing and statistical analysis of fMRI data was per-
formed using SPM 12 software. All volumes were corrected for
acquisition time delay between slices and realigned to the
mean EPI image using rigid body transformation. The T1-
weighted image was coregistered to the mean EPI image and
normalized to MNI space using the default SPM 12 template.
The resulting parameters were then used for spatial normaliza-
tion of the functional data. Lastly, EPIs were resampled (voxel
size¼ 2 mm� 2 mm� 2 mm) and spatially smoothed with a 3D
Gaussian kernel of 4 mm full-width at half-maximum.

A random-effects, event-related statistical analysis was car-
ried out in a two-level procedure. At first-level, a separate gen-
eral linear model (GLM) was specified for each subject including
6 separate regressors (3 valence � 2 ambiguity) of interest. For
all stimulus events, task-related changes in blood oxygenation
level dependent (BOLD) signal were estimated for each voxel by
modelling the onset of the stimulus event as d-function con-
volved with the canonical SPM12 hemodynamic response func-
tion. To reduce error variance, a pause between blocks, the six
block-wise instructions and the six realignment parameters
from motion correction were modeled as regressors of no inter-
est. At group-level, a random-effects analysis (2� 3� 2 ANOVA)
with the between-subjects factor gender and the within-subject
factors condition (positive, negative, control) and ambiguity
(high, low) was carried out.

Results were followed up by correlational analyses to test for
brain-behavior relationships of 3 brain regions (bilateral amyg-
dala, OFC) which have been implicated in specifically moderating
affective ToM. To control for multiple comparisons, the Dubey
and Armitage-Parmar procedure was used which takes into ac-
count inter-correlations among variables (Sankoh et al., 1997).

Results

Two stimuli from the difficult negative category were not
included in the following analyses as they were answered incor-
rectly by> 50% of our sample contrasting the verdict of the
raters preceding stimulus selection. This inconsistency may be
due to the difference in time people were given to examine the
scenes (ratings: unlimited vs experiment: 1500 ms). All analyses

reported subsequently were carried out using the remaining 30
positive, 28 negative and 30 control scenes.

Behavioral results

Performance. Accuracy was calculated as the percentage of cor-
rect items out of the total number of items (hitsþ false alarms)
completed by each subject. Thus, accuracy values are adjusted
for individual response bias. Overall performance ranged from
61% to 100% of accuracy (M¼ 87%, s.d.¼ 8) for positive and nega-
tive items combined. A repeated measures ANOVA with valence
(positive, negative) and ambiguity (high, low) as within-subject
factor and gender as between-subject factor revealed a main ef-
fect of ambiguity [F(1,36) ¼ 34.14, P< 0.001] in the expected dir-
ection, yielding lower performance in the more ambiguous
condition (M¼ 83%, s.d.¼ 12) than in the unambiguous one
(M¼ 93%, s.d.¼ 9). A main effect was also found for valence
[F(1,36) ¼ 38.1, P< 0.001] with more correct answers for positive
(M¼ 96%, s.d.¼ 6) than for negative scenes (M¼ 79%, s.d.¼ 16).
Furthermore, we found a trend for a main effect of gender,
yielding higher overall performance for women (M¼ 90%,
s.d.¼ 7) than men (M¼ 84% s.d.¼ 7), which failed to reach statis-
tical significance [F(1,36) ¼ 3.98, P¼ 0.054].In addition, we found
a gender x ambiguity interaction [F(1,36)¼4.24, P¼ 0.047] such
that women achieved higher performance rates for ambiguous
scenes (M¼ 87%, s.d.¼ 10) than men (M¼ 78%, s.d.¼ 12).
Another interaction effect was evident for valence x ambiguity
[F(1,36)¼16.37, P< 0.001]. For negative scenes, there was a
greater gap between accuracy for ambiguous (M¼ 67%, s.d.¼ 26)
and unambiguous scenes (M¼ 88%, s.d.¼ 13) than for positive
scenes (ambiguous: M¼ 94%, s.d.¼ 9; unambiguous: M¼ 97%,
s.d.¼ 5). Non-social control scenes did not contain interactions
and thus were not comparable to the social scenes in terms of
accuracy.

Response times (RTs). A 3 � 2 repeated measures ANOVA with
the factors condition (positive, negative, control) and gender re-
vealed a main effect for condition [F(2,70) ¼ 34.57, P< 0.001].
Subjects responded fastest for positive scenes (M¼ 992.33,
s.d.¼ 91.93), followed by negative scenes (M¼ 1101.45,
s.d.¼ 79.05) and slowest in the control condition (M¼ 1046.24,
s.d.¼ 98.61). In a separate repeated measures ANOVA with the
within-subject factors ambiguity (high, low) and valence (posi-
tive, negative) and gender as the between-subject factor, a main
effect of ambiguity [F(1,36) ¼ 65.64, P< 0.001] was found, demon-
strating that subjects took more time to respond to ambiguous
(M¼ 1052.56, s.d.¼ 98.81) than unambiguous scenes
(M¼ 1023.11, s.d.¼ 92.67) as well as a main effect of valence
[F(1,36) ¼ 9.26, P¼ 0.004] indicating shorter RTs for positive
(M¼ 994.450, s.d.¼ 94.26) than negative (M¼ 1120.75, s.d.¼ 83.38)
social scenes. No gender differences were observed [F(1,36) ¼
0.2, P¼ 0.656]. A valence x ambiguity interaction [F(1,36) ¼ 15.52,
P< 0.001] further revealed that the difference in response times
between positive and negative scenes was more pronounced for
ambiguous (positive: M¼ 1004.6, s.d.¼ 117.61; negative:
M¼ 1167.32, s.d.¼ 111.41) than unambiguous scenes (positive:
M¼ 984.31, s.d.¼ 115.41; negative: M¼ 1074.17, s.d.¼ 92.6).

Personality measures. No gender differences were observed in
any of the personality measures with the exception of the ‘fam-
ily’ dimension of the LSNS [t(36)¼�4.01, P< 0.001], for which
women (M¼ 39.75, s.d.¼ 11.47) received higher scores than men
(M¼ 27.39, s.d.¼ 6.59). For correlational analyses of question-
naire data and performance indicators, the significance level
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Table 1. Brain activations during experimental and control conditions, whole-brain analysis, full-factorial ANOVA, P(FWE) < 0.05 cluster cor-
rected for multiple comparisons.

Cluster P(FWE) Cluster size
(number of voxels)

Peak Z x y z Region R/L

Main effect of condition
Social > Non-social scenes

4676 Inf 52 -70 4 Middle Temporal Gyrus R
Inf 46 -60 16 Middle Temporal Gyrus (extending to the TPJ) R
Inf 46 -74 0 Middle Occipital Gyrus R

2417 Inf -50 -74 10 Middle Occipital Gyrus L
Inf -42 -54 -18 Fusiform Gyrus L
Inf -54 -48 14 Middle Temporal Gyrus L

2724 Inf 4 -60 32 Precuneus R
Inf 4 -90 16 Cuneus L
Inf 4 -52 46 Precuneus R

418 Inf 6 54 24 Superior Medial Gyrus R
6.17 6 62 22 Superior Medial Gyrus R

410 Inf -18 -74 -34 Cerebellum L
6.95 -10 -80 -40 Cerebellum L
6.23 -14 -70 -24 Cerebellum L

9 7.64 22 -6 -14 Amygdala R
133 7.49 4 42 -16 Rectal Gyrus R

6.12 4 56 -6 Medial Orbitofrontal Gyrus R
250 7.25 40 2 40 Precentral Gyrus R
19 7.08 46 -16 -24 Inferior Temporal Gyrus R

5.97 44 -22 -18 Fusiform Gyrus R
189 6.55 36 18 26 IFG (p. Triangularis) R

6.19 50 24 16 IFG (p. Triangularis) R
5.89 54 20 28 IFG (p. Opercularis) R

12 6.52 14 -30 2 Thalamus R
7 6.24 -20 -6 -14 Amygdala L
25 6.2 4 -12 8 Thalamus R
42 5.64 -60 -10 -8 Middle Temporal Gyrus L

5.56 -52 -10 -12 Middle Temporal Gyrus L
6 5.33 44 20 -30 Temporal Pole R
11 5.25 2 -16 36 Middle Cingulate Cortex R

Non-social > Social scenes
2934 Inf 26 -40 -10 Parahippocampal Gyrus R

Inf -30 -46 -8 Fusiform Gyrus L
Inf -26 -64 -12 Lingual Gyrus L

907 Inf 40 -80 30 Middle Occipital Gyrus R
Inf 32 -80 18 Middle Occipital Gyrus R
6.53 28 -64 36 Superior Occipital Gyrus R

962 Inf -34 -86 22 Middle Occipital Gyrus L
7.27 -30 -90 10 Middle Occipital Gyrus L
6.94 -20 -68 42 Superior Parietal Lobule L

383 Inf 20 -54 18 Calcarine gyrus R
Inf 12 -52 12 Precuneus R

335 Inf -18 -58 18 Cuneus L
7.17 -8 -50 6 Calcarine gyrus L

81 7.34 -52 -60 -10 Inferior Temporal Gyrus L
39 6.45 26 8 54 Superior Frontal Gyrus R
26 6.21 -22 6 52 Middle Frontal Gyrus L
6 5.12 22 -72 54 Superior Parietal Lobule R

Negative > Positive social
scenes

124 6.71 -30 26 -6 Insula Lobe L
5.46 -46 24 -6 IFG (p. Orbitalis) L

10 5.98 48 32 -8 IFG (p. Orbitalis) R
29 5.64 -4 50 34 Superior Medial Gyrus L
14 5.39 32 26 -2 Insula Lobe R
7 5.11 -4 22 40 Superior Medial Gyrus L

(continued)
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was set to P< 0.05 (two-sided) and results have to be regarded
as exploratory. Interestingly, the more socially orientated
subjects described themselves as, the higher was their perform-
ance when determining the valence of more ambiguous social
scenes [r¼ 0.36, P ¼ 0.026]. Similarly, we found that the bigger
a person’s social network, the faster he or she was able to per-
form said task [r¼ 0.35, P ¼ 0.033] in the more ambiguous
category.

Imaging results

All of the following analyses were conducted at a whole-brain
level. Results were corrected for multiple comparisons using
family-wise-error (FEW) correction. For a full summary of
brain activations observed in the contrasts described below, see
Table 1.

Main effect of condition (social vs non-social scenes). Whole brain
analyses revealed several brain areas that show a main effect of
condition. As seen in post-hoc t-tests, several of these regions
showed greater activity when subjects evaluated the valence of
social interactions. They include key nodes of the mentalizing
network such as the rTPJ, the right middle temporal gyrus
(rMTG), the STS and the precuneus as well as the mPFC where
our analysis detected a dorsal and a separate ventral cluster
located in the orbital portion of the mPFC and extending into
the rectal gyrus. In the social>non-social contrast we also
found greater activation in areas associated with the perception
of faces and bodies, namely the bilateral fusiform and middle
temporal gyri. Our analyses further revealed greater activity in
the bilateral amygdala (Figure 2). The opposite contrast non-
social vs social scenes yielded a large cluster in the right para-
hippocampal gyrus. Our analysis further detected activation of
several visual and parietal areas as well as clusters in the infer-
ior temporal gyrus, the right superior frontal gyrus, and the left
middle frontal gyrus. When comparing social scenes of opposite
valence, significantly greater neural activity was observed in
the anterior insula cortices and parts of the inferior frontal gyri
(IFG) of both hemispheres when subjects were examining nega-
tive social interactions as compared to positive ones. In the re-
verse contrast, the only region to show greater activity for

positive social interactions was the left supramarginal gyrus
which among several other functions has also been implicated in
understanding gestures and bodily postures (Becchio et al., 2012).

Main effect of ambiguity (ambiguous vs Unambiguous social
scenes). No significant differences were found when contrasting
ambiguous and unambiguous social scenes.

Main effect of gender. Whole-brain analyses yielded several occipital
and parietal areas involved in the encoding and retrieval of complex
visual information including clusters in the bilateral lingual gyri which
women activated to a greater degree than men across all conditions
[P(FWE)< 0.05, Table 1]. Conversely, the opposite contrast did not show
any brain regions, which were more active in men than women.

Brain behavior relationships. Activation of the medial OFC was
positively correlated with subjects’ performance when judging the
valence of ambiguous social scenes [r¼ 0.349, Padj¼0.042, Figure
3]. Amygdala activation was not linked to accuracy levels for am-
biguous scenes. However, activation of both the left and right
amygdala was inversely related to response times for negative so-
cial scenes [RH: r¼�0.477, Padj¼0.003, LH: r¼�0.605, Padj¼0.000,
Figure 4], but not positive ones, while OFC activation was not
linked to RTs. Parameter estimates were derived from clusters
which showed greater activation in the social than the non-social
condition (OFC:133 voxels, Amygdala: RH: 9 voxels, LH: 7 voxels).

Discussion

Here, we investigated the neural correlates of mental state attri-
bution in a population of healthy, neurotypical adults using
complex naturalistic depictions of real-life human social inter-
actions. When evaluating the valence of social interactions as
contrasted with comparable scenes not showing people, activity
in key mentalizing areas was observed which are reliably acti-
vated when people engage in social thought (Völlm et al., 2006;
Van Overwalle and Baetens, 2009). These areas include the rTPJ,
the right middle temporal gyrus (rMTG), the STS and the precu-
neus as well as two distinct areas within the mPFC (i.e. a dorsal
and an orbital cluster) which corresponds to findings from previ-
ous studies (Wagner et al., 2011; Corradi-Dell’Acqua et al., 2015).

Table 1. Continued

Cluster P(FWE) Cluster size
(number of voxels)

Peak Z x y z Region R/L

Positive > Negative social
scenes

13 5.21 -54 -30 26 Supramarginal Gyrus L
5.11 -62 -32 28 Supramarginal Gyrus L

Main effect of gender Female >
Male

33 7.21 -20 -82 -8 Lingual Gyrus L
12 6.11 12 -82 -6 Lingual Gyrus R
37 6.05 -20 -52 2 Precuneus L

5.74 -24 -62 8 Calcarine Gyrus L
15 5.67 -16 -72 10 Calcarine Gyrus L
8 5.33 20 -52 0 Lingual Gyrus R
11 5.27 14 -84 14 Calcarine Gyrus R
8 5.15 -6 -84 8 V1 L

R. Right Hemisphere; L. Left Hemisphere
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Conversely, when subjects were presented with pictures of
places as opposed to human social interactions, greater activa-
tion of the parahippocampal gyrus which is involved in the
encoding and recognition of environmental scenes (Epstein and
Kanwisher, 1998; Ishai et al., 1999) was found.

Despite their subtlety, the stimuli of the Social Detection
Task provoked distinct neural responses for social scenes of dif-
ferent valence. Activation of the anterior insula, which is fre-
quently observed in the context of negative emotions (Lamm
and Singer, 2010; Beatty et al., 2014; Kashdan et al., 2014) was sig-
nificantly greater when subjects assessed unpleasant social
interactions. Amygdala activation, on the other hand, was de-
tected for social scenes irrespective of valence, supporting the
view of the amygdala as a social salience region that responds
to aversive and positive emotional content alike (Liberzon et al.,
2003; Groppe et al., 2013). Amygdala-driven alertness in the face
of negative social information additionally facilitated motor

responses, as bilateral amygdala activation was inversely linked
to response time for negative scenes.

With regard to brain-behavior relationships, our data pro-
vide the first evidence linking functional OFC activity to levels
of accuracy in mental state attribution. According to the social
brain hypothesis (Dunbar, 1998, 2009), this phylogenetically
young region evolved to allow primates and in particular
humans to manage their unusually complex social networks—a
notion supported by tight correlations between OFC grey matter
volume and social network size (Powell et al., 2012) as well as
socio-cognitive competence (Powell et al., 2010; Scheuerecker
et al., 2010) in humans. The OFC shares extensive connections
to the amygdala (Bzdok et al., 2013; Bickart et al., 2014) and has
been implicated specifically in ‘affective’ ToM (i.e. reasoning
about someone else’s feelings; Shamay-Tsoory et al., 2006;
Shamay-Tsoory et al., 2010) as well as in social approach–
avoidance behaviors (Roelofs et al., 2009). Hence, it is often
thought to subserve more low-level, automatic social inference,
whereas the DMPFC is associated with inferring higher-order
cognitive states (i.e. goals, intentions; Corradi-Dell’Acqua et al.,
2015). In line with this view, performance in the present study,
in which subjects rapidly judged the pleasant or unpleasant na-
ture of a social encounter, was linked to OFC but not DMPFC
activation.

Accuracy levels of valence judgments varied substantially
between individuals (ranging from 61% to 100%), even though
the experiment was carried out in a socio-demographically
homogeneous sample of healthy participants. This was largely
achieved by including stimuli showing more subtle social cues
to which subjects responded very differently. Higher perform-
ance in this more difficult category was associated with greater
social orientation which refers to someone’s readiness to ap-
proach others with an open-minded, positive attitude. Being
confident at reading nonverbal signals may enable people to ex-
perience social situations with ease, allowing them to maintain
a curious, receptive mindset. This corresponds to our observa-
tion that people with larger social networks took less time to
make valence judgments when only subtle cues were available.
More correct answers were given for positive than negative
items which may be a reflection of the fact that by cultural
standards, positive emotions are more openly displayed in so-
cial settings than negative ones. Hence, this information may
be slightly easier to extract from the stimuli used here.

Fig. 3. Correlation between OFC activation during ambiguous social scenes and

accuracy of mental state judgments in this category: r¼0.349, P¼0.032, two-

tailed. Parameter estimates were derived from a 133 voxel cluster (peak activa-

tion: x¼4, y¼56, z¼�6, P(FWE)<0.05) from the Social>Non-social contrast.

Fig. 2. Brain activations observed in the Social>Non-social contrast, whole-brain analysis, full-factorial ANOVA, P(FWE)<0.05 cluster corrected for multiple

comparisons.
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In line with self-report data (Baron-Cohen and Wheelwright,
2004; Rueckert and Naybar, 2008; Derntl et al., 2010), women ex-
hibited greater mindreading abilities, in particular when social
signals were less obvious. This increased sensitivity to non-
verbal social information is not surprising given that differences
in the attention to social stimuli emerge very early in infancy.
Girls have been shown to make more eye contact than boys as
early as 12 months of age (Lutchmaya et al., 2002), hence they
are likely to develop more fine-tuned socio-perceptive skills as
a result of increased learning opportunities. Using the Reading
the Mind in the Eyes Task (Baron-Cohen et al., 1997; Baron-
Cohen et al., 2001), one of the few ToM measures known to pro-
duce variability in performance, several studies have reported a

small advantage for women (for a meta-analysis see Kirkland
et al., 2013). However, it is not clear whether these results also
reflect gender differences in verbal abilities (e.g. Hyde and Linn,
1988) because performance in the RMET has been shown to cor-
relate substantially with verbal IQ (Peterson and Miller, 2012). In
contrast, the present task requires only minimal language skills,
therefore its results are potentially less susceptible to differ-
ences in subjects’ verbal abilities. This could serve as an advan-
tage when assessing gender differences as well as clinical
populations in which language skills vary considerably and
should be addressed in future studies.

Social cognition deficits are a core symptom of a number of
psychiatric disorders including schizophrenia (Mueser et al.,
1996; Couture et al., 2006) and ASD (Adolphs et al., 2001; Schultz
et al., 2003; Schultz, 2005) and have come into the focus as a vi-
able target for treatment (Pinkham et al., 2014). The promise
that lies in this approach is well illustrated by a recent meta-
analysis (Fett et al., 2011) wherein social cognition was identified
as an even stronger predictor of real-life social functioning than
general cognitive abilities. In order to evaluate treatment effi-
cacy of pharmacological or psycho-social interventions, it is es-
sential to properly quantify the target variable(s). Therefore,
measures like the Social Detection Task which generates vari-
ance regarding the accuracy of the mental state judgments sub-
jects make will advance the development of effective clinical
interventions. In a similar vein, subtle mindreading deficits
may carry valuable potential as a marker for mental illness
(Derntl and Habel, 2011) as observed, for example, in a popula-
tion genetically at-risk for schizophrenia whose emotion recog-
nition deficits—although only marginal—were strongly linked
to prodromal psychopathology (Eack et al., 2010). This example
highlights the necessity to capture even subtle impairments as
they may have farther-reaching implications. In addition to
that, understanding the neural mechanisms that underlie dif-
ferences in social perception will advance treatments tailored
to specific subgroups of patients especially in heterogeneous
disorders such as ASD (McPartland et al., 2011; Dichter, 2012;
McPartland and Pelphrey, 2012).

Individual differences in performance were most pro-
nounced in the ambiguous (i.e. more subtle) condition, suggest-
ing that future research will benefit from using less clear-cut
socio-emotional stimuli. In addition to that, the stimuli used
here deviate from those used in most standard tasks in numer-
ous ways: (i) non-verbal cues are embedded in a social context,
(ii) targets’ internal states are authentic, (iii) stimuli include
body language, (iv) social interactions occurred in natural set-
tings (i.e. before a visually complex background requiring a se-
lection of relevant information). We thereby address many of
the concerns raised in recent works (de Gelder, 2009; Zaki and
Ochsner, 2009; Zaki and Ochsner, 2012; Henry et al., 2015) calling
for ecologically valid tasks. In keeping with this idea, the pre-
sent study included images from a range of different real-life
scenarios with each individual only appearing once. Hence, the
images varied in several aspects (e.g. age and gender of those
depicted) which increased generalizability, yet, from an experi-
mental perspective, added undesired variation and can be con-
sidered a limitation of this study. Given the inevitable trade-off
between internal and ecological validity, however, the aim of
the present study was to put emphasis on the latter.

Further limitations of the present study include the use of
still images as opposed to dynamic and multimodal stimuli due
to constraints in experimental design. Ultimately, our goal is to
implement dynamic naturalistic stimuli. Despite their static na-
ture, the use of authentic, more subtle emotional stimuli can be

Fig. 4. Correlation between bilateral amygdala activation during evaluation of

negative social scenes and response times (RH: r¼�0.477, P¼0.002, two-tailed,

LH: r¼�0.605, P¼0 .000, two-tailed). Parameter estimates were derived from

clusters found in the Social>Non-social contrast.
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seen as an important step forward toward increasing ecological
validity within the boundaries of an fMRI experiment. Due to
the lack of eye gaze data, the present study cannot answer the
question of whether increased fixation on socially relevant fea-
tures underlies higher accuracy in mental state attribution. This
problem is being addressed in an ongoing research project of
our group in which we also included participants with varying
social skill levels as to avoid the restrictions created by a highly
homogenous sample.

Taken together, using authentic more ambiguous social infor-
mation, we were able to uncover subtle differences in the ability
to read non-verbal social cues in a healthy population which
could be linked to activation of the OFC. These findings exemplify
the need for social cognition tasks which generate variance in
performance in order to quantify normative and divergent behav-
iors – a notion further highlighted by recent efforts to include a
social cognition domain (Gur and Gur, 2016) into the NIMH
Research Domain Criteria (RDoC; e.g. Insel, 2014) in order to es-
tablish a translational framework for mental health research.
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