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During global health crises, such as the recent H1N1 pandemic, the mass media provide the public with timely information regarding risk.
To obtain new insights into how these messages are received, we measured neural data while participants, who differed in their preexisting H1N1 risk perceptions, viewed a TV report about H1N1. Intersubject correlation (ISC) of neural time courses was used to assess how
similarly the brains of viewers responded to the TV report. We found enhanced intersubject correlations among viewers with high-risk
perception in the anterior cingulate, a region which classical fMRI studies associated with the appraisal of threatening information. By
contrast, neural coupling in sensory-perceptual regions was similar for the high and low H1N1-risk perception groups. These results
demonstrate a novel methodology for understanding how real-life health messages are processed in the human brain, with particular
emphasis on the role of emotion and differences in risk perceptions.

Introduction
The fundamental goal of health risk communication is to convey
risk-related information to individuals (Glik, 2007; Renner and
Schupp, 2011). Especially during new and rapidly spreading
global health risks, the mass media play a central role in this
endeavor. Through prime-time news bulletins, they can quickly
transmit critical information into the homes of millions. However, the effectiveness of such mass-media campaigns may vary
across individuals. In particular, differences in perceptions of
being at risk, i.e., how susceptible or worried a person feels, have
been shown to predict health behaviors and may affect the understanding of risk-related messages (Weinstein, 2003; Renner and
Reuter, 2012). Thus, even though the broadcasted information is
identical for every recipient, the inherent uncertainty and potential
dread associated with risk may trigger varying individual responses
and pose challenges for risk communication efforts.
The recent H1N1 pandemic provided a unique opportunity to
examine this issue. Here, we report a study in which we used fMRI to
track the neural processing of an authentic mass-media broadcast
about the H1N1 outbreak. Specifically, based on a screening questionnaire, we identified individuals with either a high or low-risk
perception regarding an H1N1 infection. Next, while undergoing
fMRI scanning, these individuals were shown an entire TV report
about H1N1, which aired as a special broadcast on German national
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television. The 30 min long report contained interviews with infected persons, vivid descriptions of catastrophic scenarios, and details on the unpredictable and dramatic spread of the virus.
Our investigation of the neural reception of this authentic TV
report about H1N1 builds on recent advances in fMRI research,
which show that when different individuals view the same reallife stimulus, neural time courses in many brain regions are
strongly correlated across viewers (Hasson et al., 2004, 2010).
This intersubject correlation (ISC) approach was adopted for
the present study of mass-media risk communication, reasoning that preexisting differences in risk perception might affect
the intersubjective similarity of neural processing during the
reception of risk-related media messages, particularly in regions coding emotional significance. By contrast, we predicted
that sensory-perceptual regions would respond rather homogeneously to the time-varying properties of the report and thus
should evince similar correlations across viewers, regardless of
preexisting risk perceptions.

Materials and Methods
Participants and procedure
Participants were recruited using a two-step procedure. In the first step,
participants received a booklet called “NeuroMedia” with the understanding that they would be taking part in a study about the neural
processing of audiovisual media. In total, 136 students volunteered to
take part in this study. The booklet assessed media habits, attitudes, and
perceptions of risk (economic, environmental, food-related risks). To
minimize awareness of the goal of our study, the H1N1 risk perceptions
items used for prescreening purposes were embedded within these items.
The three H1N1 risk perception items were adapted from a previous
study (Renner and Reuter, 2012; Brewer et al., 2007; Renner and Schupp,
2011) and assessed worry about becoming infected with H1N1, the absolute perceived likelihood of becoming infected, and the comparative
likelihood of contracting the virus compared with an average peer of
one’s own age and sex. The three items were combined into a standardized H1N1 risk perception score (Cronbach ␣ ⫽ 0.78). At the end of the
booklet, several questions probed standard criteria for fMRI eligibility. In
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olution anatomical scan was obtained for each
participant (T1TFE; FOV ⫽ 256 ⫻ 256 mm;
200 sagittal slices; voxel size ⫽ 1 ⫻ 1 ⫻ 1
mm). The visual stimulus was delivered
through MR-compatible video goggles (VisualSystem, NordicNeuroLab) and the corresponding soundtrack through headphones
(MR Confon GmbH).

Stimuli and experimental design
The main stimulus was a 30 min long TV documentary that aired on German national television in October 2009. The documentary
contained a wealth of information about
H1N1, but also held up an atmosphere of suspense and ominous uncertainty. For instance,
it started with a depiction of empty subways,
soccer stadiums, and public places. The
soundtrack contained dramatic artificial music
and a commentator uttered concern that all
public life may cease as a result of a catastrophic H1N1 pandemic. It then covered the
origin and the biological mechanisms of H1N1
and presented scenarios of the possible near
future. Experts from politics and antivirus protection services were interviewed. Subplots
dealt with the economic aspects of the epidemic, the severe disruptions in international
plane travel, the discussion about whether governments should purchase vaccines, and about
Figure 1. Analysis scheme for intersubject correlation (ISC) group analysis. First, the voxel-by-voxel time courses from every
the role played by the pharmaceutical industry.
subject within each group are correlated with the averaged time course of all other subjects to obtain ISC maps for each group.
A historical excursion shed light on the fatal
Second, to directly compare the strength of ISC across groups, ISC values from the first analysis step are extracted for every viewer
consequences of the Spanish Flu of 1918, showand contrasted between groups. Statistical values are then corrected for multiple-comparisons and displayed.
ing images from sick bays with many victims.
In sum, the documentary was typical for the
the second step, participants were invited to individual scanning sessions
type of media reports at that time, providing a mixture of information
based on the H1N1 risk perception score, starting at both ends of the
and sensationalism. Immediately after the scanning session, participants
H1N1 risk perception score distribution. In addition, criteria for fMRI
answered comprehension questions, which revealed that all participants
eligibility were checked. Participants arrived at the laboratory with the
were able to report on the basic content of the report. A control stimulus
understanding that the study was investigating neural processes involved
unrelated to H1N1 was also presented. This was a TV documentary about
during movie watching. They were told that the experimental stimulus
astronomy that lasted 8 min. It contained astronomical images and inwould be chosen from several categories (e.g., movie, documentary, and
terviews with hobby astronomers. Participants reported that they had
television series).
not seen the stimuli before the experiment.
The final dataset included 24 participants, 12 in each group (M ⫽ 22.85
FMRI preprocessing
years, SD ⫽ 5.7, 19 females). The participants had either high or low percepData analysis was performed using the Brainvoyager QX software
tions of H1N1 risk (p ⬍ 0.001; Mhigh risk ⫽ 10.83; SD ⫽ 1.58; Mlow risk ⫽ 5.42;
package (BrainInnovation) for preprocessing and complementary
SD ⫽ 1.45). Differences in risk perception between groups were specific to
in-house software written in MATLAB (MathWorks). Preprocessing
H1N1 as there were no differences regarding environmental (p ⫽ 1.0), nuof functional scans included slice time correction, realignment, and
tritional (p ⫽ 0.52), or economic risks (p ⫽ 0.53). Participants had normal
normalization into a shared Talairach coordinate system (Talairach
hearing, normal or corrected-to-normal vision, and provided written inand Tournoux, 1988). To further overcome misregistration across
formed consent. Five other participants were excluded because of technical
subjects, the data were spatially smoothed with a Gaussian filter of 6
problems during stimulation (failure of one or two audio-channels or video
mm full-width at half-maximum value. Linear trends were removed
equipment) or excessive head movement. Participants received either monfrom the data and low frequencies (e.g., slow drift) were filtered out
etary reimbursement or course credit for their participation. Procedures
with up to six cycles per experiment. To eliminate onset transients
were in compliance with the safety guidelines for MR research and were
and horizon effects, the first 16 and last 5 recorded time points were
approved by the local ethics committee.
discarded.

MRI acquisition

Experimental participants with either low or high H1N1-risk perceptions
were invited to the scanning facility and scanned on an individual basis
while viewing the same audiovisual H1N1 report. Scanning took place in
a 1.5 T Philips Intera MR System equipped with Power Gradients. Blood
oxygenation level-dependent (BOLD) contrast was acquired using a T2*
weighted Fast Field Echo-Echo Planar Imaging (FFE EPI) sequence using
parallel scanning technique (Pruessmann et al., 1999). In plane resolution of
the axially acquired slices was 3 ⫻ 3 mm and the slice thickness was 3.5 mm
(32 slices; no gap; FOV ⫽ 240 mm; acquisition matrix: 80 ⫻ 80 voxels; TE ⫽
40 ms; flip angle ⫽ 90°). A TR of 2500 ms was used throughout the experiment, which consisted of the acquisition of 793 functional volumes (33 min,
205 volumes for the control stimulus). In addition, a T1-weighted high res-

Intersubject correlation analysis
To analyze neural data recorded during viewing of the authentic H1N1
documentary, we adopted the ISC approach (Hasson, et al., 2010), which
allows researchers to employ fully naturalistic stimuli. ISC assesses the
voxel-by-voxel correlations between fMRI time courses from different
individuals. Because all viewers are exposed to the identical material,
which serves as its own control, ISC result maps provide a measure of the
intersubjective similarity of continuous neural processing at the level of
individual brain regions.
A two-step analysis scheme (Fig. 1) was adopted to map out regions
that showed intersubjectively reliable responses during viewing of the
H1N1 documentary:
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In the first analysis step, we examined which regions showed reliably correlated responses within each risk perception group (withingroup ISC analysis). Correlations were computed between the
response time courses in each subject against the average time course
of the rest of the group on a voxel-by-voxel basis (Hasson et al., 2009a;
Honey et al., 2012). We then calculated the average correlation coefficient (r) per voxel, after applying the Fisher Z-transformation to the
individual coefficients. Statistical significance for these coefficients
was computed using a bootstrapping procedure: for every empirical
time course in every voxel, 1000 bootstrap time series were generated
using a phase randomization procedure, and empirical r values were
then compared against the-null distribution. This basic procedure
was performed for all participants with a low H1N1 risk perception
(“within lows”) and for all participants with a high H1N1 risk perception (“within highs”) separately. This analysis stream yielded two
maps indexing reliable time courses across subjects within each
group. Within-subject group ISC effects are usually widespread
(Hasson et al., 2004). Thus, to reveal robust ISC effects, conservative
correction for multiple-comparisons [false discovery rate procedure
(FDR) with q ⫽ 1e⫺7] (Benjamini and Hochberg, 1995) and a 10voxel contiguity threshold were used to create the maps displayed in
Figure 2.
In the second analysis step, we extracted the individual subjects’ correlation values from the first analyses. For each voxel, we obtained two vectors
representing the correlation between each group member and the rest of the
group (i.e., one ISC-vector for low and one for high H1N1 risk participants).
On a voxel-by-voxel level, these vectors were Fisher Z-transformed and compared via a two-sided two-sample t test to reveal voxels exhibiting significant
between-group ISC differences (between-group ISC analysis). As in previous
research (cf. Cantlon and Li, 2013), between-subject ISC effects were determined using FDR (q ⫽ 0.05, 10 voxels extent) to correct for multiplecomparisons. The main findings were also observed, albeit with reduced
spatial extent, when applying FWE correction.

Nonparametric ISC group comparison
For nonparametric permutation tests, we randomly divided viewers into
two groups and calculated group wise ISC on the mean time course data
from each of four regions of interest (ROI, see below). This procedure
was executed 1000 times, creating a random distribution of group-ISC
differences. The veridical differences between group-ISC-values (obtained from the main analysis) were then compared against this random
distribution to determine statistical significance. This analysis was computed at the whole-brain level and for each of four ROIs, which were
defined based on the ISC group comparison ( pgACC, adMCC, the sole
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regions that differentiated high and low risk groups; see Results) and two
regions associated with processing auditory and visual properties, which
were defined as follows:
Auditory regions. Absolute sound power (200 –5000 Hz) values were
extracted from the control stimulus (Mukamel et al., 2005; Brennan et
al., 2011), which served as an independent “naturalistic localizer.” Results were subsampled to 0.4 Hz, to match the sampling rate of our
measurements, and then convolved with a hemodynamic response function (Boynton, et al., 1996), and used as a predictor in a random-effects
analysis. Regions correlated to changes in sound power were located in
the left and right superior temporal gyrus (STG) in the expected vicinity
of early auditory cortices.
Visual regions. To approximate the global amount of visual motion, we
assessed the variance in pixel values between successive movie frames of
the control movie (cf. Bartels, et al., 2008). Using the procedures described above, we identified occipital clusters in left and right middle
occipital gyri, respectively.

Identification of large-scale functional networks by seed-based
connectivity analysis
In addition to ISC analysis, a seed-based correlation analysis was used to
identify well known functional connectivity networks for vision, audition, as well as higher integrative networks related to default-mode, dorsal attention, executive control, and salience processing. Seed region
coordinates were derived from previous studies: for the visual network,
the calcarine sulcus [(CS) x ⫽ ⫾7, y ⫽ ⫺83, z ⫽ 2] (Raichle, 2011); for
the auditory network, the STG (x ⫽ ⫾51, y ⫽ ⫺21, z ⫽ 9) (Burton et al.,
2012); for the default-mode network, the posterior cingulate cortex
[(PCC) x ⫽ 0, y ⫽ ⫺52, z ⫽ 27] (Raichle, 2011); for the dorsal attention
network, the posterior intraparietal sulcus [(IPS) x ⫽ ⫾26, y ⫽ ⫺66, z ⫽
48] (Raichle, 2011); for the executive control network, the dorsolateral
prefrontal cortex [(DLPFC) x ⫽ ⫾43, y ⫽ 36, z ⫽ 21] (Seeley et al., 2007);
finally, for the salience network, the anterior insula [(AI) x ⫽ ⫾29, y ⫽
19, z ⫽ 1] (Vincent et al., 2008). Where needed, the Yale Nonlinear
MNI2Talairach conversion was used to transform MNI coordinates
into Talairach space (Lacadie et al., 2008). Seed time courses were
extracted from these regions (5 mm sphere radius) and group-level
connectivity maps were obtained via random-effects analysis. The resulting maps were FDR corrected, smoothed, and result maps for
bilateral seed regions were collapsed across hemispheres (cf. Vincent
et al., 2008).

Figure 2. Reliable brain responses within each risk perception group. ISCs among participants with high (red) and low (blue) H1N1 risk perception. The overlap of both analyses is shown in purple.
Both maps reveal significantly correlated neural responses in widespread brain regions, extending far beyond primary sensory representation areas into higher-order cortex. Data are FDR corrected
and presented on the averaged structural MRI.
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Results
Within-group ISC analysis
As shown in Figure 2, both low and high
H1N1-risk perception groups showed substantial and significant intersubjective correlations of spatiotemporal brain activity
patterns in widespread posterior regions devoted to sensory, perceptual, and semantic
processing of the H1N1 documentary (Mesulam, 1998). Importantly, group differences were suggested in postperceptual
brain regions known to respond to emotional significance. Specifically, the high
H1N1 risk group showed intersubject correlations in the anterior cingulate cortex
[(ACC) Fig. 2].
Between-group ISC analysis
As shown in Figure 3, although there were
no group effects over posterior brain regions, significant group differences Figure 3. A, Significant differences in ISC between viewers with high versus low H1N1 risk perception. Significantly greater ISC was found
emerged for ACC regions. A first cluster among viewers with high compared with low H1N1 risk perception in pgACC and adMCC, indicating that the H1N1 report engaged these regions
emerged in the pregenual anterior cingu- moreconsistentlywhenviewershadagreaterriskperception(FDRcorrected).B,Comparisonbetweenparametricandnonparametricanalyses.A
comparisonbetweentheparametricISC-difference(yellow)andthenonparametricgrouppermutationtest(red,bothp⬍0.0025)revealsagreelate cortex (pgACC; Talairach coordinates mentbetweenthetwocomplementarystatisticalprocedures(overlapinorange).
x ⫽ ⫺2, y ⫽ 38, z ⫽ 10; cluster size 432
mm 3; maximal t(22) ⫽ 9.12) and a second
their reliability between subjects. These patterns, however, concluster emerged at the border of the pgACC and the pregenual
sist of an ordered series of activations (amplitude peaks). There is
anterior-dorsal midcingulate cortex (adMCC; Talairach coorditherefore the possibility that the significant group differences in
3
nates x ⫽ 10, y ⫽ 28, z ⫽ 31; cluster size 486 mm ; maximal t(22)
neural correlations are secondary to differences in response am⫽ 8.42), extending laterally into the right medial frontal gyrus.
plitude between low and high risk groups, e.g., if the low-risk
Follow-up analyses scrutinized these group differences by congroup shows minimal signal variations or if the high risk group
ducting more conservative nonparametric permutation tests. As
shows stronger activations in respective regions. Due to our use
illustrated in Figure 3B, the nonparametric analysis revealed sigof continuous audio-visual movie stimuli, we cannot directly asnificant group differences in neural alignment in the ACC. Fursess changes in response amplitude relative to a blank baseline.
thermore, there was a substantial overlap in findings between
Instead, we quantified response amplitudes by computing the SD
parametric and nonparametric analysis. Thus, two different
of the BOLD responses over time after initial transformation to
streams of analysis indicate the increased neural coupling in repercentage signal change-values centered around the mean (Nir
gions of the pgACC and adMCC for high compared with low
et al., 2006; Samanez-Larkin et al., 2010; Garrett et al., 2011;
H1N1 risk groups. As elaborated in the discussion, animal elecLerner et al., 2011) (“dynamic range”). The dynamic range of
trophysiology and human fMRI studies have linked these regions
activity was examined in the two ACC regions and in the auditory
to psychological processes, such as the evaluation of personal
and visual regions defined above. Comparison of the dynamic
significance, emotional responses, and threat appraisal (Paus,
range of the signal between groups revealed no group differences,
2001; Vogt et al., 2004; Schmitz and Johnson, 2007; Etkin et al.,
neither in selected ROIs (Fig. 4C), nor at a corrected whole-brain
2011; Shackman et al., 2011).
level (Fig. 4C; r-MOG: Mlow-risk ⫽ 0.46, SD ⫽ 0.1; Mhigh-risk ⫽
0.41, SD ⫽ 0.09; p ⫽ 0.18; l-MOG: Mlow-risk ⫽ 0.69, SD ⫽ 0.18;
ISC group differences across time
Mhigh-risk ⫽ 0.72, SD ⫽ 0.24; p ⫽ 0.71; r-STG: Mlow-risk ⫽ 0.4,
The goal of this analysis was to examine the robustness of our
SD ⫽ 0.08; Mhigh-risk ⫽ 0.44, SD ⫽ 0.07; p ⫽ 0.23; l-STG: Mlow-risk ⫽
findings at a finer temporal resolution. Thus, the movie was di0.31, SD ⫽ 0.06; Mhigh-risk ⫽ 0.32, SD ⫽ 0.06; p ⫽ 0.63; adMCC:
vided into temporal quartiles and the nonparametric permutaMlow-risk ⫽ 0.36, SD ⫽ 0.07; Mhigh-risk ⫽ 0.38, SD ⫽ 0.09; p ⫽ 0.44;
tion ROI analyses were applied for each quartile separately. ROIs
pgACC: Mlow-risk ⫽ 0.36, SD ⫽ 0.06; Mhigh-risk ⫽ 0.4, SD ⫽ 0.07; p ⫽
included the pgACC and adMCC as defined by the ISC group
0.16). In sum, these results suggest that both groups evince strong
comparison and two control regions in visual and auditory areas
response amplitudes. However, temporal coherence across individthat correlated with sensory features (see Materials and Methods).
uals appears to be lower in the low H1N1 risk perception group,
Comparing the results for the whole epoch (Fig. 4A) with the quarwhereas responses across individuals with a high H1N1 risk perceptile analysis (Fig. 4B) confirmed the stability of ACC-ISC increases
tion are collectively better aligned.
for viewers with a high H1N1 risk perception across time (with the
only exception that significance is only approached in the last quarISC during a control movie
tile in the pgACC). In contrast to the ACC, there were no significant
The reported analyses reveal that the neural processing of H1N1group ISC differences for sensory regions in any quartile.
related messages is subject to group differences on the basis of preexisting H1N1 risk perception. However, to argue that the group
Mean shifts in amplitude of the BOLD signal
differences are specific to the processing of risk information deIn contrast to classical fMRI activation studies, the ISC approach
mands an additional control condition in which participants receive
focuses on extended temporal response patterns and assesses
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Figure 4. A, Nonparametric group permutation of ISC differences in regions of interest. Each viewer was randomly assigned to either the pseudo-high-risk or pseudo-low-risk group and ISC
analysis was performed for each group. The plots represent the distribution of the ISC-group-difference (ISChigh risk ⫺ ISClow risk), computed using random groups. The red line represents the veridical
ISC-group difference resulting when each viewer was assigned to the “true” groups based on individual perceptions of being at risk. As can be seen, nonparametric testing confirmed highly
significant group differences for the pgACC and adMCC. By contrast, the obtained veridical ISC differences for the two sensory regions were low (⬍ 0.1) and not significantly different between
groups. B, Nonparametric permutation tests conducted for the first, second, third, and fourth quartile of the 30 min long H1N1 documentary. C, Comparison of the dynamic range of the fMRI
responses. Time courses were sampled from the ROIs and SDs computed to quantify the amount of signal variation. Bars and error bars, mean and SD across observers. D, ISC result maps during
control stimulus viewing. Significantly correlated neural responses are present in widespread brain regions, extending far beyond primary sensory representation areas into higher-order cortex ( p ⬍
10 ⫺6). Notably, the strength and regional distribution of correlated neural time courses was similar for both groups.

information unrelated to the risk domain. To conduct this test, all
participants viewed a TV documentary about astronomy. Applying
the same set of analyses to the processing of the control documentary, no significant group difference was observed (Fig. 4D).
Overlap between interbrain (ISC) and intrabrain correlations
(functional connectivity)
The ISC result maps in Figure 2 represent similarities of processing
in corresponding regions across different brains. This approach was
complemented by functional connectivity, which reveals similarities
of processing within the same brain (Friston, 1994; Raichle, 2011).
Using seed coordinates derived from resting state studies (Seeley et
al., 2007; Vincent et al., 2008; Burton et al., 2012), functional connectivity networks for vision, audition, as well as higher integrative
networks related to default-mode, dorsal attention, executive control, and salience processing were identified (Seeley et al., 2007;
Menon and Uddin, 2010; Raichle, 2011).
Plotting the functional network maps alongside the ISC maps
(Fig. 5) reveals that the voxels exhibiting significant ISC substantially overlap the functional networks related to visual and auditory stimulus processing as well as the dorsal attention, default
mode, and executive control network. This effect is seen for both
high and low-H1N1 risk groups. The critical ACC group difference,
however, coincides spatially with the so-called salience network,
which contains key nodes in the dACC and bilateral insulae (Craig,
2002, 2009; Seeley et al., 2007; Menon and Uddin, 2010) Using a

liberal threshold (p ⬍ 0.001, uncorrected, one-tailed) for exploratory
purposes, we observed a broader spatial distribution of the ACC
clusters in the high risk group, as well as additional group differences
in regions of the anterior insulae and dorsolateral prefrontal, which
often appears as a link between salience and cognitive and attentional control processing (Seeley et al., 2007; Shirer et al., 2012). In
contrast, using the identical thresholds for the reverse ISC comparison (ISClow risk ⬎ ISChigh risk) showed no significant voxels.

Discussion
This study uses an innovative approach to study the reception of
health-risk information: ISC analysis enabled us to examine the
neural processing of a real-world TV report about H1N1. The
main finding is that individuals with high versus low-H1N1 risk
perception differed in the strength of intersubject correlations
within the ACC, suggesting that receiver-sided differences in
risk-perception covary with the processing of risk-related information in neural regions related to the personal evaluation of
significant stimuli in the environment. Control analyses secured
the findings with respect to statistical assumptions (nonparametric analyses), regional and temporal specificity (ROI-based analyses), and analytical confounds (response amplitude differences).
Importantly, high and low H1N1 risk perception groups exhibited no neural differences when viewing a risk-neutral documentary about astronomy. From a broader perspective, these results
suggest that ISC analysis is useful for studying neural correlates of
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Figure 5. Overlap between major brain networks and ISC result maps. Circles indicate the seed regions for functional connectivity analysis. The resulting functional networks are presented side
by side with the ISC maps for viewers with low (blue) and high (red) H1N1 risk perception, respectively. The ACC evinces more reliable responses among participants with a high H1N1 risk perception.
Note, that differences in the thresholded ISC maps for each group do not constitute a formal statistical test of between-group differences (Fig. 3). Slice coordinates: Salience, y ⫽ 21; executive
control, z ⫽ 35; default mode, z ⫽ 30; visual, x ⫽ ⫺4; auditory, x ⫽ ⫺53; dorsal attention, z ⫽ 36.

risk communication, particularly with respect to the role of emotion and differences in risk perceptions.
Previous studies on primates show that the ACC is connected
with emotion-sensitive cortical and subcortical regions and acts
as a hub for the greater limbic system (Paus, 2001; Vogt et al.,
2004). Providing complementary data, reviews of functional imaging studies in humans relate the ACC to affective evaluation,
evaluation of the meaning of external stimuli for the self, as well
as to sympathetic activity and various emotional experiences
(Schmitz and Johnson, 2007; Etkin et al., 2011; Shackman et al.,
2011). The functional significance of the ACC effects was further
revealed by examining the key words associated with the observed coordinates across the ⬃4000 studies included in the
“Neurosynth” meta-analysis framework (Yarkoni et al., 2011).
This showed that activity in the observed ACC regions is most
strongly associated in the literature with terms, such as “emotion,” “self,” “pain,” “negative,” “positive,” “reward,” and “affective.” Accordingly, the present results are considered to reflect the
increased emotional significance of the H1N1 documentary in
participants who are more worried and anxious about the H1N1
virus. Furthermore, Neurosynth coactivation maps as well as our
functional connectivity analysis during naturalistic viewing, suggest functional links between the ACC and insular cortex, which

comprise a network involved in the detection of salient stimuli
(Seeley et al., 2007). Future studies should investigate the enhancement of ISC in the anterior insula that was seen at lower
statistical thresholds and also examine possible effects for subcortical structures, particularly the amygdala and its subdivisions
(Stein et al., 2007; Roy et al., 2009). Furthermore, the reported
group differences during processing of the H1N1 documentary
were observed with respect to an emotionally neutral movie featuring astronomy. To further examine the specificity of the ISC
differences in the saliency network, future studies should extend
the range of stimuli by examining responses for other types of risk
and emotional control stimuli. More broadly, the present results
demonstrate that ISC analysis can be used to test the connection
between the neural systems that process risk-related and emotional information. Thus, a neuroscientific approach can inform
and constrain models of risk processing such as the “risk as feelings” model (Loewenstein et al., 2001), which emphasizes the role
of negative emotions, such as worry and anxiety in risk perceptions (Loewenstein et al., 2001; Slovic and Peters, 2006; Schmälzle
et al., 2011, 2012; Renner et al., 2012).
Neuroscientific studies of anticipatory anxiety provide additional support for the role of emotions in risk perceptions (Etkin
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et al., 2011; Maier et al., 2012). Participants in these studies were
verbally instructed that they might receive an electric shock when
a particular cue was presented; a different cue signaled a safety
period. Meta-analysis demonstrated that the processing of the
threat cues was reliably associated with increased activation in
dorsal ACC (Mechias et al., 2010). The current findings resonate
with this line of research and suggest commonality with regard to
the neural substrate. Specifically, exploratory analyses revealed
increased ISC effects at the ACC coordinates identified by Maier
et al. (2012) in connection with anticipatory anxiety. The processing of risk-related information and instructed fear signals
include both the anticipation of future danger and harm for the
self, which may be the common denominator for ACC effects.
Thus, as proposed by the “risk as feelings” hypothesis, anticipatory anxiety may represent an integral aspect of acute risk perceptions (Renner and Reuter, 2012). However, there are important
differences among both lines of research with respect to the imminence, personal experience, and concreteness of the anticipated threat, and so future studies systematically varying threat
imminence will be informative. Overall, it is hypothesized that
neural regions involved in anticipatory anxiety are also implicated in risk perception.
A crucial difference between the current study and prior work
is that ACC function was previously assessed via peak signal
changes (“activations”) in response to discrete stimuli. In contrast, the current approach capitalizes on a region’s temporal
response profile during continuous real-life processing and assesses its correlation across individuals (Hasson et al., 2010). Differences between measures of response amplitude (“activations”)
and reliability (“correlations”) have already been noted in previous studies (Hasson et al., 2008; Lerner et al., 2011; Ben-Yaakov et
al., 2012; Pajula et al., 2012). For instance, disrupting the temporal order of a movie led to pronounced differences in response
reliability but not amplitudes (measured as dynamic range of the
signal), particularly in higher-order regions (Hasson et al., 2008).
Similarly, in the current dataset there were no group differences
in ACC in the dynamic range, but group differences emerged for
the intersubject correlations. Thus, although the variability of
neural time series (the height of peaks and troughs) is comparable, the temporal profiles seem more aligned across viewers with
high as compared with low H1N1 risk perception. Accordingly,
these findings provide further evidence for the sensitivity of the
temporal profile of neural activity as compared with measures of
aggregate activation in the processing of naturalistic stimuli.
Intersubject correlations of brain activity, when viewed from a
communication-theoretic perspective, can be conceived as a neural counterpart of intersubjective agreement at the level of local
brain processes, i.e., how similarly a particular region processes
an incoming message across different individuals (Pickering and
Garrod, 2004; Stephens et al., 2010; Littlejohn, 2002; cf. Hasson et
al., 2012). A novel aspect of the present approach is that it extends ISC research to assess both neural commonalities and
differences in the reception of risk communication, and thus
can reveal “message main effects” (i.e., similar responses
across all receivers) as well as “message-receiver interactions”
(i.e., different responses in subgroups of receivers):
Regarding message main effects, we found very similar ISC
maps for the low and high-risk perception groups in widespread regions of the posterior cortex (Fig. 2). The functional
connectivity results (Fig. 5) further show that intersubjectively
coupled brain processes are evoked in the visual and auditory
systems, and overlap with the dorsal attention, default, and
executive control networks. This suggests that regions in-

volved in viewing, attending to, and extracting meaning from
the H1N1 documentary were similarly engaged across viewers.
However, in addition to message main effects, we found
enhanced ISC in the anterior cingulate among individuals
with high-H1N1 risk perceptions (Fig. 3), indicative of an
interaction between incoming information (TV report about
H1N1 risk) and receiver characteristics (individual differences
in H1N1 risk perception) in regions presumed to link external
information (messages about H1N1) to evaluations of personal salience (Etkin et al., 2011; Roy et al., 2012) (e.g., “I am
at risk”). This suggests that risk perceptions, which are commonly regarded as a prerequisite of protective health actions
(Glik, 2007; Weinstein et al., 2007; Renner and Schupp, 2011),
are critical for health communication because they may modulate how risk-related messages are processed.
Together, our results demonstrate that nonreactive neural
measures hold much promise for assessing the effects of health
risk communication. Previous studies revealed that neural responses to tailored health ads can predict individual health
behaviors (Falk et al., 2010; Chua et al., 2011) and that “neural
focus groups” may successfully predict the population-level
impact of health messages (Falk et al., 2012). Within this context, the ISC approach presents a novel tool to assess the extent
of shared neural processing evoked by real-life messages, providing a powerful and flexible framework for the neuroscientific
study of mass communication in general and the communication of health information in particular (Falk, 2010). In addition to follow-up studies involving selected target risk groups
and specific topical stimuli (e.g., smokers and smokingrelated messages), future studies may also vary the current
approach, e.g., by identifying critical stimulus elements that
enhance neural correlations (cf. Hasson et al., 2004), or by
predicting agreement or disagreement regarding psychological phenomena (e.g., intentions for quitting, perceptions of
risk, interpretations of symptoms) based on the similarity or
dissimilarity of neural processing (cf. Kriegeskorte et al.,
2008).
To conclude, our data offer new insights into how the brain
processes risk-related information, showing that during the reception of real-life risk communication different preexisting risk
perceptions are associated with ISC group differences in the ACC.
Overall, the present approach reveals exciting research opportunities at the intersection of communication, health, and
neuroscience.
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