
This is an electronic reprint of the original article.
This reprint may differ from the original in pagination and typographic detail.

Powered by TCPDF (www.tcpdf.org)

This material is protected by copyright and other intellectual property rights, and duplication or sale of all or 
part of any of the repository collections is not permitted, except that material may be duplicated by you for 
your research use or educational purposes in electronic or print form. You must obtain permission for any 
other use. Electronic or print copies may not be offered, whether for sale or otherwise to anyone who is not 
an authorised user.

Jääskeläinen, Iiro P.; Sams, Mikko; Glerean, Enrico; Ahveninen, Jyrki
Movies and narratives as naturalistic stimuli in neuroimaging

Published in:
NeuroImage

DOI:
10.1016/j.neuroimage.2020.117445

Published: 01/01/2021

Document Version
Publisher's PDF, also known as Version of record

Please cite the original version:
Jääskeläinen, I. P., Sams, M., Glerean, E., & Ahveninen, J. (2021). Movies and narratives as naturalistic stimuli
in neuroimaging. NeuroImage, 224, [117445]. https://doi.org/10.1016/j.neuroimage.2020.117445

https://doi.org/10.1016/j.neuroimage.2020.117445
https://doi.org/10.1016/j.neuroimage.2020.117445


NeuroImage 224 (2021) 117445 

Contents lists available at ScienceDirect 

NeuroImage 

journal homepage: www.elsevier.com/locate/neuroimage 

Review 

Movies and narratives as naturalistic stimuli in neuroimaging 

✩ 

Iiro P. Jääskeläinen 

a , b , ∗ , Mikko Sams a , c , Enrico Glerean 

a , b , Jyrki Ahveninen 

d 

a Brain and Mind Laboratory, Department of Neuroscience and Biomedical Engineering, Aalto University School of Science, Espoo, Finland 
b International Laboratory of Social Neurobiology, Institute of Cognitive Neuroscience, National Research University Higher School of Economics, Moscow, Russian 

Federation 
c Department of Computer Science, Aalto University School of Science, Espoo, Finland 
d Massachusetts General Hospital – Massachusetts Institute of Technology – Harvard Medical School Ahtinoula A. Martinos Center for Biomedical Imaging, Charlestown, 

MA, United States 

a r t i c l e i n f o 

Keywords: 

Naturalistic stimuli 
Memory 
Attention 
Emotion 
Social cognition 
Language 

a b s t r a c t 

Using movies and narratives as naturalistic stimuli in human neuroimaging studies has yielded significant ad- 
vances in understanding of cognitive and emotional functions. The relevant literature was reviewed, with em- 
phasis on how the use of naturalistic stimuli has helped advance scientific understanding of human memory, 
attention, language, emotions, and social cognition in ways that would have been difficult otherwise. These ad- 
vances include discovering a cortical hierarchy of temporal receptive windows, which supports processing of 
dynamic information that accumulates over several time scales, such as immediate reactions vs. slowly emerging 
patterns in social interactions. Naturalistic stimuli have also helped elucidate how the hippocampus supports 
segmentation and memorization of events in day-to-day life and have afforded insights into attentional brain 
mechanisms underlying our ability to adopt specific perspectives during natural viewing. Further, neuroimaging 
studies with naturalistic stimuli have revealed the role of the default-mode network in narrative-processing and 
in social cognition. Finally, by robustly eliciting genuine emotions, these stimuli have helped elucidate the brain 
basis of both basic and social emotions apparently manifested as highly overlapping yet distinguishable patterns 
of brain activity. 
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While the vast majority of neuroimaging-based research into hu-
an cognition still employs traditional experimental paradigms involv-

ng non-naturalistic stimuli, the use of movies and narratives as nat-
ralistic stimuli is increasingly extending the reach of human neu-
oimaging to phenomena that are otherwise difficult to investigate
 Astolfi et al., 2009 ; Gaebler et al., 2014 ; Hanke et al., 2014 ; Hu et al.,
017 ; Marussich et al., 2017 ; Mueller et al., 2012 ; Ogawa et al., 2013 ;
piers and Maguire, 2007 ; Wilf et al., 2017 ). In one good example, since
ovies and narratives elicit emotions more robustly than pictures do

 Westermann et al., 1996 ), applying them as stimuli in neuroimaging
tudies has greatly advanced understanding of the neural basis of emo-
ions ( Matsukawa et al., 2017 ; Saarimäki et al., 2016 ). 

In this review, we focus on describing research in areas wherein nat-
ralistic stimuli have created particular opportunities for research be-
ond those offered by more traditional paradigms. These include hu-
an memory, attention, language, emotions, and social cognition. This

s thanks to the naturalistic stimuli allowing, for example, depiction of
atural social interactions evolving over multiple time scales rather than
till pictures, presentation of dynamic dialogue and speech rather than
ndividual words or disconnected sentences, and presentation of events
✩ Since our manuscript is a review, data and code availability does not apply. 
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053-8119/© 2020 Published by Elsevier Inc. This is an open access article under th
nd objects within their context rather than as lists of to-be-memorized
tems. The complexity and richness of naturalistic stimuli at the same
ime pose methodological challenges, however, neuroimaging method
evelopment is rapidly advancing and opening new exciting avenues
or research in this area. 

There are other excellent reviews, some of them very recent, on
he present topic. These previous reviews focused on methodology
hat makes it possible to study brain activity in virtual environments
 Spiers and Maguire, 2007 ; Maguire, 2012 ), on the use of naturalistic
timuli in the contexts of visual and memory system, social cognition,
nd clinical studies ( Sonkusare et al., 2019 ), on the use of naturalistic
timuli in developmental studies ( Vanderwal et al., 2019 ), and the neu-
al mechanisms underlying virality of narratives ( Jaaskelainen et al.,
020 ). Thus, each of the previous reviews has a vantage point different
nd complementary from the present review where we examine how
ovies and narratives have been recently utilized to advance scientific
nderstanding in the areas of human memory, attention, language, emo-
ions, and social cognition. Here we predominantly focus on describing
ndings obtained with functional magnetic resonance imaging (fMRI).
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tudies from other modalities such as EEG and iEEG have been refer-
nced to highlight the relevant findings. 

se of movies and narratives in neuroimaging studies of memory 

ncoding of naturalistic stimuli into long-term memory 

Neuroimaging studies with naturalistic stimuli have provided new
nformation about the neural basis of memory encoding. In one early
tudy, emotionally arousing aversive and neutral film clips were shown
o subjects during positron emission tomography (PET). Activity in the
ight amygdala and orbitofrontal cortical areas at the time the subjects
iewed the emotionally arousing movie clips was correlated with clips’
nhanced memorization, demonstrated three weeks later ( Cahill et al.,
996 ). This suggests that amygdala activity during emotionally arous-
ng life events causes differential memorization of such events relative
o non-emotional ones. These findings provide one good example on
ow naturalistic stimuli, via eliciting robust emotions, have allowed
tudy of phenomena that are difficult to investigate with traditional
aradigms wherein for example the subjects are presented with lists of
o-be-memorized items. 

Studies since then have investigated which brain structures are in-
olved in memory encoding of non-emotional movie events. The data
nalysis in many of these studies has utilized inter-subject correlation
ISC) of brain activity wherein subjects’ brains are aligned and correla-
ions are calculated between all pairs of subjects (or subgroups of sub-
ects) for fMRI activity time series for each voxel. The ISC is very well
uited for analysis of fMRI data since it is a model-free approach, where
ne does not need to build predictors of specific events in the rich and
omplex movie stimuli as in case of general-linear model (GLM) based
nalyses ( Hasson et al., 2004 ). Further, the ISC analysis was found to
ive similar results as a GLM analysis in the context of an fMRI study
ith traditional stimuli ( Pajula et al., 2012 ). 

Some studies have tested which aspects of brain activity at the time
f encoding predict later behaviorally measured recollection of movie
ontent. In one fMRI study, significant ISC of hemodynamic activity
n the parahippocampal gyrus, superior temporal gyrus (STG), tem-
oroparietal junction (TPJ), and anterior temporal pole (aTP) areas
uring movies’ viewing predicted memorization of their content three
eeks later ( Hasson et al., 2008a ). In another study, ISC of electroen-

ephalographic (EEG) activity, estimated to originate in sensory and
xtra-sensory areas, predicted subsequent memorization of audiovisual
arratives ( Cohen and Parra, 2016 ). Together, these studies suggest that
TG, TPJ, aTP, and sensory cortical areas contribute to the memory-
ncoding process alongside the hippocampus as one experiences every-
ay life events. 

The influence of prior knowledge on memory encoding is another
uestion addressed in various neuroimaging studies utilizing naturalis-
ic stimuli. Functional connectivity between the ventromedial prefrontal
ortex (VMPFC) and hippocampus was enhanced during watching of the
ast 15 min of a movie only when encoding to memory was rendered
ore demanding by the first 80 min having been presented in scram-

led rather than intact form the day before ( van Kesteren et al., 2010 ).
nterestingly, the functional connectivity enhancement persisted over
ubsequent rest. In contrast, when the movie’s beginning was viewed
ntact, only enhanced ISC of the VMPFC was observed. These findings
ere considered to support the notion that interplay between hippocam-
al and VMPFC is needed when there are weak schemata to guide en-
oding. In another study, the VMPFC and other default-mode network
DMN) structures interacted more strongly with the hippocampus dur-
ng natural viewing when congruent contextual cues about the movie
receded it by a day rather than minutes ( Chen et al., 2016 ). Taken
ogether, these results suggest that the VMPFC and hippocampus inter-
ct as one navigates day-to-day life when long-term memory content is
tilized in processing of dynamically unfolding events that are hard to
redict with existing schemata. 
Finally, naturalistic stimuli have helped uncover how the brain re-
ncodes memory representations in light of new information. When sub-
ects recognized that a given video segment belonged with certain other
ideo segments, the patterns of activity exhibited during these segments’
iewing started to resemble each other in the hippocampus and VMPFC
 Milivojevic et al., 2015 ). In line with these findings, specific distributed
ctivity patterns in the medial prefrontal cortex (MFPC) emerged during
atching of specific segments of Memento (dir. Christopher Nolan, 2000 )
herein previously seen events are reinterpreted in light of new infor-
ation ( Kauttonen et al., 2018 ). Thus, it seems that memory schemata

re supported by distributed patterns of activity in these structures.
hese findings are also highly relevant, in that reinterpretation of prior
vents in light of new information is vital in day-to-day life. In the
ontext of movies, the results shed light on what might happen in the
iewer’s brain after it is revealed that, for example, the butler committed
he murder, when all the pieces of the puzzle suddenly click together. 

he neural basis of recalling naturalistic events from long-term memory 

Neuroimaging studies have shown how the human brain recalls nat-
ralistic events from long-term memory, which are contextually mean-
ngful unlike to-be-memorized items in more traditional paradigms. In
ne study, researchers compared both recall accuracy and brain activ-
ty hours, weeks, and months after the initial presentation of a movie.
ehavioral findings indicated that memories became more “gist-like ”
fter delays of weeks and months as compared to delays of hours
 Furman et al., 2012 ). During retrieval, brain activity extended across
 broad set of structures associated with autobiographical memory re-
rieval, including hippocampal and DMN structures. These activations
rew weaker after the months-long delay, further supporting the idea
hat memories become more gist-like after lengthy intervals. Recall per-
ormance was significantly correlated with activity in the hippocampus,
ateral temporal, occipito-temporal, and prefrontal areas – but only af-
er the delay of months. Similar single-neuron activity has been shown
uring both encoding and recall of movie clips in the hippocampus and
ntorhinal cortex of epileptic patients, thus suggesting that neuronal fir-
ng patterns that repeat across encoding and recall in these structures
upports episodic memory ( Gelbard-Sagiv et al., 2008 ). 

Other studies have echoed the finding that recall of movie events
ctivates the autobiographical memory network ( Chen et al., 2017 ; St-
aurent et al., 2016 ). Autobiographical memory is something that would
e difficult to study with traditional stimulus/task paradigms. Narra-
ives presenting personally relevant autobiographical memories have
een reported to involve the DMN structures and hippocampus more
trongly than fictitious narratives ( Loughead et al., 2010 ). Furthermore,
cross subjects who watched an episode of a TV program and freely re-
alled it immediately afterward, the parahippocampal cortex and other
MN structures showed greater similarity during recall than during the

nitial viewing ( Chen et al., 2017 ). A brain network-level analysis, based
n fMRI data, further suggested that interplay between anterior hip-
ocampus and precuneous is especially relevant for free retrieval of
emories consolidated during natural viewing ( Ren et al., 2018 ). 

Intriguingly, the type of recall task modulates which areas of the au-
obiographical memory network are more involved than others: recall-
ng the events’ temporal order activates the hippocampus ( Kwok et al.,
012 ; Lehn et al., 2009 ) and precuneus ( Kwok et al., 2012 ), recall of
patial information activates frontal-parietal areas ( Kwok et al., 2012 ),
hat of perceptually rich details activates the right hippocampus ( St-
aurent et al., 2016 ), and movie-scene recognition involves the MPFC
 Kwok and Macaluso, 2015b ; Kwok et al., 2012 ). True/false ratings for
 movie seen earlier activated the precuneus, lateral temporal areas,
MPFC, and hippocampus ( Mendelsohn et al., 2010 ; Risius et al., 2013 ).
etrieval of memories associated with emotionally traumatic film, in

urn, resulted in activation of precuneous, retrosplenial cortex, and cin-
ulate cortex ( Gvozdanovic et al., 2017 ). Together, findings lend further
upport to the conclusion drawn above that memory schemata are sup-
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orted by distributed patterns of activity in DMN structures (especially
n MPFC but also in precuneous) and hippocampus. 

he cortical hierarchy of temporal receptive windows in short-term memory 

Besides shedding light on the neural underpinnings of long-term
emory encoding and recall, naturalistic stimuli have helped uncover

ntirely new short-term memory mechanisms in the brain. The discov-
ry of a hierarchy of temporal receptive windows (TRW) in the human
rain constitutes the first of these new advances. The TRW has been
efined as “the length of time before a response during which sensory
nformation may affect that response ” ( Hasson et al., 2008b ). For exam-
le, grasping the meaning of the sentence “Jill kicked the ball ” requires
ts subject ( “Jill ”) to be kept in memory. One thereby connects the sub-
ect with the verb and the object, hence reaching an understanding that
t was Jill who kicked the ball. An even longer TRW is needed for under-
tanding that Jill is the same person referred to earlier in the narrative.

The shortest TRWs have been observed in the brain’s sensory ar-
as and the longest in DMN structures ( Chen et al., 2016 ; Hasson et al.,
008b ; Lerner et al., 2014 , 2011 ). Whereas the former are known to pro-
ess lower-level aspects of narratives, such as syllables and individual
ords, the DMN structures seem to keep track of the evolving narrative

see below). Thus, the hierarchy of TRWs seems to mesh with the in-
reasing need to accumulate information over larger timescales as one
oves from processing transient elements (consonant–vowel groups,

yllables, etc.) toward more slowly evolving aspects of the narrative
such as its plot). 

The manner of conducting the aforementioned studies is rather
nsightful. The one with scrambled content showed that, while a
backwards-played ” movie resulted in significant ISC only in the brain’s
rimary visual areas, as the movie was reordered with increasing win-
ow lengths, significant ISC appeared for increasingly high-order corti-
al regions ( Hasson et al., 2008b ). The ISC indicates that the brain area
s processing the naturalistic stimulus similarly across subjects. As this
ccurs with increasing window length, it can be inferred that the ISC
s caused by the availability of information over longer time constants,
hus signaling that the respective brain areas are processing informa-
ion accumulating over longer window lengths. A subsequent study, in
hich reordering of audio narratives utilized several segment lengths,

howed an analogous hierarchy of TRWs ( Lerner et al., 2011 ). Interest-
ngly, TRW hierarchies spontaneously emerge in deep recurrent neural
etwork models also ( Shi et al., 2018 ). The existence of TRWs is further
upported by evidence that the precuneus, along with the right poste-
ior superior temporal sulcus (pSTS), supports cumulative plot forma-
ion during listening to a narrative ( Tylén et al., 2015 ). These findings
re complemented by ISC being stronger at lower frequencies in hierar-
hically higher cortical areas, which could reflect progressively longer
emporal receptive windows ( Honey et al., 2012 ; Kauppi et al., 2010 ).
his is because the areas processing the slowly developing aspects of
he narrative (e.g., the plot) are not synchronized by the rapid sensory
timulation elements, and vice versa. 

Taken together, these findings indicate that TRWs grow in duration
ith ascent in the cortical hierarchy, which seems to occur in conjunc-

ion with increasing complexity of the receptive fields. Further, increas-
ng TRW length might reflect a hierarchy with rising neuronal adapta-
ion time constants as one progresses from sensory to association areas of
he brain ( Himberger et al., 2018 ; Jaaskelainen et al., 2011 ; Zhou et al.,
018 ). The hierarchy of TRWs might underlie the human brain’s ability
o make sense of information that accumulates over multiple timescales.
nterestingly, the hierarchical TRWs are rescaled to the speech rate:
hen the speaker is talking slowly, the TRWs are prolonged, relative

o those with higher speech rates ( Lerner et al., 2014 ). In a finding that
arallels this, TRWs differ between speech and music on the basis of the
imescales for conveying information ( Farbood et al., 2015 ). Accord-
ngly, rather than there being a hierarchy of TRWs with fixed durations,
he TRWs reflect accumulation of temporally distributed information
ith flexibility as to how quickly or slowly the window of integration is
losed. This points to the interesting yet unexplored question of whether
nd how the TRWs might be related to event segmentation. 

he neural basis of event segmentation 

Event segmentation is another short-term memory mechanism that
an be studied very effectively with naturalistic stimuli. The mecha-
ism involves processing points of discontinuity in a movie/narrative,
uch as changes in time, location, or protagonists ( Zwaan et al., 1995 ).
uch points of discontinuity constitute perceptual event boundaries that
esult in memorization of an ongoing naturalistic stimulus as distinct
vents. For example, a discussion with a colleague in the break room
s memorized as an event separate from a subsequent staff meeting or
riving to the grocery store. Movies and narratives that are naturally
omposed of such events have supplied us with powerful tools to un-
over what takes place in a subject’s brain when one such event ends
nd another begins. 

Neuroimaging studies have shown that there are peaks in the brain’s
emodynamic activity in the hippocampus at event boundaries ( Ben-
akov and Dudai, 2011 ; Ben-Yakov and Henson, 2018 ; Ezzyat and
avachi, 2011 ; Magliano and Zacks, 2011 ; Swallow et al., 2011 ;
acks et al., 2010 ). This hippocampal activity predicts recall accuracy
 Ben-Yakov et al., 2013 ), with hippocampal activity being lower during
resentation of familiar event sequences ( Ben-Yakov et al., 2014 ). Fur-
her, activation patterns in the right hippocampus predicted subjects’
udgments of the temporal distance between two events in an audio
arrative ( Lositsky et al., 2016 ). The hippocampus even seems to hold
haracter- and location-specific representations during movie-watching
 Milivojevic et al., 2016 ). This finding lines up well with the observa-
ions of memory-schemata being supported by distributed activity pat-
erns in hippocampus (and DMN structures, see above). Together, these
ndings suggest that the hippocampus supports memory encoding of
vents that have come to an end, such that the episodic information ac-
umulated during such an event does not interfere with processing of
he information encountered in the course of the next event. 

In addition to the hippocampus, processing of event boundaries ac-
ivates a host of other structures. Event boundaries have been observed
o activate the VMPFC, striatum, precuneus, cingulate cortex, anterior-
ateral temporal cortex, visual cortices, lateral occipital cortex, poste-
ior parietal cortices, and TPJ ( Ben-Yakov and Dudai, 2011 ; Betti et al.,
013 ; Ezzyat and Davachi, 2011 ; Speer et al., 2007 ; Whitney et al., 2009 ;
acks et al., 2001 , 2011 , 2010 ). Furthermore, the inferior parietal lobule
IPL) has shown differential responses to movie frames obtained from
n event boundary vs. non-boundary section. The IPL activity differed
lso between passive viewing of a movie and viewing during which the
articipant marked event boundaries ( Kwok and Macaluso, 2015a ). The
erebellum too seems to support integration of events into event se-
uences ( Lahnakoski et al., 2017 ). 

There is a division of labor with regard to event-boundary types. The
iddle frontal gyrus has shown activity upon changes in characters’ in-

eractions, the hippocampus responded to spatial changes, and parts of
he superior frontal gyrus were activated during changes in protagonists’
oals ( Zacks et al., 2010 ). Elevated difficulty in behaviorally predict-
ng the action five seconds later in movie clips that depict day-to-day
ife co-occurred with striatal and midbrain activity ( Zacks et al., 2011 ).
his suggests that these regions contribute to triggering an updating sig-
al in the brain at event boundaries. Machine-learning algorithms have
een able to classify listening to narratives with restaurant vs. airport
cripts from script-specific patterns of brain activity in DMN structures
 Baldassano et al., 2018 ), and a subsequent study revealed sensory areas
egmenting short events in movies and DMN structures segmenting long
nes, with the latter also invoking hippocampal coding at the boundaries
f long events ( Baldassano et al., 2017 ). 

In summary, event segmentation may be one of the most fun-
amental of human memory functions, and naturalistic stimuli are
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ighly suited to studying its neural basis. Advances in data-analysis ap-
roaches, such as machine-learning algorithms, could, in the near fu-
ure, offer keys to further insight surrounding this function. It is possible
lso that event segmentation and the stimulus-rate-related flexibility in
he durations of some longer TRWs, such as those that match paragraph
engths, are supported by a common underlying neural mechanism. The
bservation that sensory areas process short events and exhibit short
RWs while DMN structures process long events and exhibit long TRWs
 Baldassano et al., 2017 ) lends further support to such a hypothesis,
hich could be tested in future research. 

se of movies in neuroimaging studies of attention 

elective attention mechanisms during naturalistic stimulation 

Attention and cognitive control have been extensively studied in
ell-controlled laboratory conditions ( Corbetta and Shulman, 2002 ;

aaskelainen et al., 2011 ). For example, in dichotic listening tasks, both
ars are presented with stimulus trains and subjects are instructed to
ttend to sounds of slightly higher pitch presented to one ear while ig-
oring the sounds presented on the other side. Comparing responses
o sounds between the attended and non-attended stream then reveals
elective attention effects, such as augmented amplitude for responses
o tones in the attended stream. With recent sophisticated experiment
esigns, selective attention has been linked to specific mechanisms
hat filter attended-sound features at the level of the sensory cortices
 Ahveninen et al., 2011 ). Natural viewing studies have helped elucidate
he neural basis of selective attention in conditions that resemble real
ife. 

In one study, changes in visual salience and unexpected turning
oints in a movie activated posterior and inferior cerebellar regions
 Nguyen et al., 2017 ). This is something not previously documented in
euroimaging studies using traditional task designs, and it attests to the
erebellum’s role in bottom-up attention, in addition to its part in motor
ontrol. Additionally, visual attention to certain object categories during
ovie-viewing was observed to dynamically “warp ” the cortical seman-

ic representations of object categories in both visual- and association-
ortex areas ( Cukur et al., 2013 ). This expansion in the range of attended
bject categories occurred independently of whether the movie featured
bjects belonging to those categories. One could posit tentatively that
hese results might be explained by dynamic changes in neuronal recep-
ive fields ( Jaaskelainen et al., 2011 ) that help filter objects in attended
ategories. Further research could test this hypothesis. 

Naturalistic stimuli such as commercial movies are very powerful in
uilding suspense. This makes it possible to study engagement of atten-
ion in more genuine and voluntary conditions than found in more tra-
itional experiment paradigms ( Bezdek et al., 2017 ; Lehne et al., 2015 ).
trong immersion in naturalistic stimuli has been observed to be accom-
anied by activity in the left inferior frontal gyrus (IFG), in the right
ateral temporal cortex, and bilaterally in the pSTS ( Metz-Lutz et al.,
010 ). In another study, strong immersion in a narrative resulted in
ACC activity that was stronger during fear-eliciting than neutral nar-
atives ( Hsu et al., 2014 ). Given that enhanced suspense is often mixed
ith experienced emotions, it is important to further explore the inter-
lay of emotions and attention during naturalistic stimulation in future
tudies. When subjects engaged in a demanding secondary task while
atching a movie, increased ISC in the dorsal-posterior cingulate gyrus
redicted weaker memorization of its content ( Oren et al., 2016 ). Sim-
larly, attention lapses during narratives and active reading demands
uring listening/reading modulated functional connectivity in the DMN
nd attentional networks of the brain ( Smallwood et al., 2013 ; Wang and
olland, 2014 ). 

In addition to fMRI studies, there are EEG studies that have investi-
ated the role of inter-subject synchrony of brain activity in attentional
unctions under naturalistic viewing conditions. Whereas fMRI measures
rain hemodynamic activity with great spatial accuracy, EEG measures
oltage differences on the scalp generated by neuronal activity with
illisecond temporal accuracy but is limited in spatial accuracy. ISC

f EEG activity is typically calculated via signal decomposition meth-
ds that find a few maximally correlated components based on multiple
EG records ( Dmochowski et al., 2012 ). In one such study, enhanced ISC
f EEG stimulus-evoked activity during meaningful auditory and audio-
isual narratives was noted to covary with subjects’ attentional state
 Ki et al., 2016 ). In other research, higher ISC of EEG activity predicted
ubjects’ greater voluntary sustained attention to a movie ( Cohen et al.,
017 ). The ISC of EEG activity can even predict movies’ box-office per-
ormance more than 20 times better than established self-reporting-
ased methods used in the movie industry ( Christoforou et al., 2017 ).
nterestingly, inspection of how EEG activity is modulated in theta, beta
nd alpha frequency bands within different components during periods
f enhanced ISC suggested modulation of ISC due to both attentional
nd emotional factors ( Dmochowski et al., 2012 ). In sum, these results
uggest that stronger ISC of EEG activity reflects attentional and emo-
ional immersion in a captivating naturalistic stimulus so that it could
e a useful metric in various application areas (education the sciences,
arketing, the cinematic arts, etc.) 

he neural basis of perspective-taking 

Research on the neural basis of perspective-taking constitutes a case
herein naturalistic stimuli are particularly useful. One example is a

tudy in which viewing a movie clip from the viewpoint of a detec-
ive vs. an interior decorator modulated activity in the dorsal atten-
ion network (DAN) and posterior hippocampus, suggesting that these
reas control perspective-specific attentional information-gathering in
aturalistic settings ( Lahnakoski et al., 2014 ). Importantly, these effects
ould not be accounted for by the variability in eye-movement patterns
eyond the early visual areas. This is consistent with later studies show-
ng that stable eye-movement-invariant representations of the visual
orld dominate as one steps upward in the cortical hierarchy, away

rom the early visual areas ( Lu et al., 2016 ; Nishimoto et al., 2017 ). 
In other studies, individuals primed to hear a story from either of two

istinct social perspectives (a protagonist with unfounded vs. justified
ealousy) showed ISC differences in their DAN, hippocampus, DMN, mir-
or neuron system, and language-processing networks ( Yeshurun et al.,
017b ). Similarly, subjects equipped with a priori information about a
ovie’s major characters being biological vs. adopted sisters exhibited

obust differences in their patterns of ISC when then watching the movie
 Bacha-Trams et al., 2017 ). In addition, other work found taking a spa-
ial perspective (here, the text’s protagonist being “there ” vs. “here ”) to
e linked to the TPJ and posterior cingulate cortex (pCC) ( Mano et al.,
009 ). Broca’s area, the left anterior superior frontal gyrus, and the in-
erior parietal cortex too are involved in perspective-taking ( Naci et al.,
014 ; Smirnov et al., 2014 ). In contrast to designs manipulating the par-
icipants’ social or even spatial perspective, presenting the same narra-
ive from first- vs. third-person perspective failed to produce analogous
ifferences in frontoparietal brain activity ( Hartung et al., 2017 ); for
elated findings, see Nijhof and Willems (2015) . Finally, results from a
ecent study suggest that adopting perspectives that require empathy vs.
oral cognition differentially increase ISC in areas supporting each of

he respective functions ( Bacha-Trams et al., 2020 ). 
These findings suggest that perspective-taking entails the brain flexi-

ly recruiting regions in line with the cognitive-perceptual requirements
f the perspective being adopted. In other words, the task demands dur-
ng viewing, whether investigator-initiated via instructions to the sub-
ect, the movie director guiding the viewer via cinematic art techniques,
r via influence of a priori information provided before viewing, deter-
ine the brain regions flexibly recruited during viewing. The results also
emonstrate that, while it remains important to control for eye move-
ents by measuring them during natural viewing studies, differential
atterns in them fail to predict differential brain responses beyond the
ierarchically early visual cortex areas. 
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se of movies and narratives in language studies 

Language-processing is among the first fields of neuroimaging re-
earch in which naturalistic stimuli were used ( Crinion et al., 2003 ;
echevalier et al., 1989 ; Yarkoni et al., 2008a ; Zacks et al., 2001 ). In
ddition to neuroimaging methods such as fMRI, processing of natural
peech has been examined via EEG ( Becker et al., 2013 ; Brederoo et al.,
015 ; Broderick et al., 2018 ; Manfredi et al., 2017 ). For several research
uestions in this field, fundamental advances have been achieved be-
ond insights from experiments utilizing non-naturalistic stimuli, as de-
cribed below. 

arrative-level semantics and the brain 

Studies with naturalistic stimuli have helped elucidate neuronal
echanisms of narrative-level comprehension, which is something

hat would be difficult to study with presentation of single words
s. non-words or simple sentences as is typically the case in stud-
es with non-naturalistic stimulus/task paradigms. Studies have shown
hat comprehension of narrative-level information that accumulates
n larger timescales depends on DMN structures ( AbdulSabur et al.,
014 ; Babajani-Feremi, 2017 ; Gordon et al., 2017 ; Nguyen et al., 2019 ;
egev et al., 2013 ; Simony et al., 2016 ; Tikka et al., 2018 ; Wilson et al.,
008 ; Xu et al., 2005 ; Yarkoni et al., 2008b ; Yeshurun et al., 2017a ). The
MN structures appear to be involved across the encoding, recall, and

econstruction of narrative events presented in a movie ( Zadbood et al.,
017 , but see Gilead et al., 2014 ), with these structures’ involvement
n narrative comprehension being transferable across languages also
 Dehghani et al., 2017 ). Together, these findings suggest that memory
epresentations of higher-order events in the narratives, such as evolv-
ng plots and contexts, are supported by distributed patterns of brain
ctivity in DMN structures, which is in line with findings from memory
tudies using naturalistic stimuli as described above. 

Interestingly, reading a passage labeled as fiction activated the pre-
uneus more strongly than did reading the same passage as factual
 Altmann et al., 2012 ). This finding may have important implications
ince most neuroimaging studies with naturalistic stimuli have utilized
ctitious movies/narratives. Finally, interpretation of structurally co-
erent dance phrases in dancers activated superior parietal and DMPFC
reas, tentatively suggesting that there are similarities in neural mech-
nisms that support the processing of structure of dance and language
 Bachrach et al., 2016 ). Both of these findings are very good examples
f phenomena that can be best studied with naturalistic stimuli, since
abeling artificial stimuli as fact vs. fiction would be cumbersome and
ynamic stimuli are needed when presenting dance phrases. 

Alongside DMN structures, other regions of the brain participate in
rocessing of natural speech. Among them are the auditory and lan-
uage areas of the lateral temporal and the inferior-lateral frontal cortex
 Bautista and Wilson, 2016 ; de Heer et al., 2017 ; Spitsyna et al., 2006 ).
uring narrative-reading, the dorsal and ventral visual streams too are
ctivated ( Lin et al., 2019 ; Zhou et al., 2016 ), perhaps due to imagery
licited during reading. Some evidence suggests that the hierarchy of
RWs along the dorsal pathway supports processing of discourse-level
ues. There is increased adaptation of one’s responses to a protagonist
hen higher likelihood of mentioning the protagonist has been cued
arlier in the paragraph ( Kandylaki et al., 2016 ). Lexical stress that de-
ends on shorter temporal receptive windows was, in turn, observed
o be processed within the classical language network during natural
istening ( Kandylaki et al., 2017 ). 

In summary, these results suggest that DMN structures support the
rocessing of narratives across media types: movies, audiobooks, and
ven dance. Discoveries of this nature would have been extremely diffi-
ult to come by without the aid of naturalistic stimuli, since narrative-
evel information is altogether absent from traditional experiment de-
igns. Inconsistencies remain between individual studies with regard to
hich DMN regions in particular are involved, though the precuneus
s implicated fairly consistently. Further studies with large participant
amples to compare the narratives presented across media could address
his question. Finally, it is easy to identify convergence between knowl-
dge of the DMN’s involvement in narrative-level processing and results
rom investigation of the hierarchy of TRWs and event segmentation
herein specifically DMN structures were found to process information
ith long TRWs and segment long events. Future studies should ad-
ress the interdependence of these highly interesting phenomena, each
f which was uncovered in a separate branch of investigation informed
y using naturalistic stimuli. 

ilateral brain activity during listening to natural speech 

Semantic processing of natural speech in the brain is predominantly
ilateral ( de Heer et al., 2017 ; Huth et al., 2016 ; Saalasti et al., 2019 ).
his stands in contrast against observations of left-hemisphere domi-
ance of the semantic system that have been documented in studies
ith non-naturalistic paradigms ( Binder et al., 2009 ). Whereas spec-

ral features of natural narrative speech activate the early auditory cor-
ices ( de Heer et al., 2017 ), syntax-processing activates the lateral tem-
oral cortex ( Brennan et al., 2016 ), and articulatory features activate
nferior-lateral frontal areas also ( de Heer et al., 2017 ), studies have
hown that semantic content activates extensive sets of brain regions
igher in the hierarchy bilaterally ( de Heer et al., 2017 ; Huth et al.,
016 ). Semantic categories as contained in movie clips, such as a movie’s
ars or humans, also activate the brain bilaterally ( Nishida and Nishi-
oto, 2018 ). Bilateral activity is seen, in addition, with sign-language

timuli having narrative-related elements (e.g., prosody and discourse
ues) ( Newman et al., 2010 ). It is possible that the rich semantics of nar-
ated stories or the demand for processing over longer TRWs gives rise
o the bilateral activations. These questions point to avenues for further
tudy. 

he speech motor system and speech perception 

Speech motor areas’ involvement in speech perception was posited
n early theoretical work ( Liberman et al., 1967 ) and more recent neu-
oimaging studies ( Hickok and Poeppel, 2007 ). Corroborating these ac-
ounts, speech motor areas were found to be activated during both
peech production and listening to natural speech ( AbdulSabur et al.,
014 ; Awad et al., 2007 ). Furthermore, natural speech seems to be han-
led in general auditory and speech-specific processing streams both,
he latter overlapping speech motor regions’ somewhat ( Boldt et al.,
013 ). Also, robust speaker–listener coupling was observed in speech
otor areas ( Silbert et al., 2014 ). Violations of action predictions ex-
ibited posterior scalp topography similar to that with N400 responses
o violations of semantic predictions in an EEG study ( Sitnikova et al.,
008 ). All in all, neuroimaging studies with naturalistic stimuli have
rovided further evidence for articulatory-motor areas’ involvement in
peech perception under more ecologically valid conditions than were
reviously possible. 

evelopment of narrative comprehension in children 

Developmental studies have revealed that portions of the lateral tem-
oral lobe are more crucial for narrative comprehension in children than
n adults ( Szaflarski et al., 2012 ), even though the DMN does seem
nvolved also ( Emerson et al., 2015 ). Moreover, it has been demon-
trated that functional connectivity between the inferior-lateral frontal
nd posterior-lateral temporal lobe areas increases with development
 Karunanayaka et al., 2007 ; Schmithorst et al., 2007 ). Interestingly, the
trengthening of these connections seems to be a mechanism that re-
ults in left-hemisphere dominance for language functions as the brain
atures ( Karunanayaka et al., 2007 ). 

Also, factors in language development have been studied. Expo-
ure to reading at home is connected with stronger activity in the
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emporal–parietal–occipital cortex areas during listening to a narrative
 Hutton et al., 2015 ). Cerebellar activity and connectivity with the vari-
us cortex areas was, in turn, correlated with greater story-time engage-
ent when a mother was reading to her child ( Hutton et al., 2017 ). It
as been shown, in addition, that increased activity in small children’s
xecutive and auditory–visual networks during narratives’ comprehen-
ion predicts their later reading ability ( Horowitz-Kraus et al., 2013 ). In
arallel with this, illustrated stories seem to support language develop-
ent in preschool-age children by reducing reliance on the brain’s lan-

uage networks ( Hutton et al., 2018 ). Finally, naturalistic studies have
emonstrated that a second language acquired early in life is processed
imilarly to the first language, even if acquired passively ( Bloch et al.,
009 ). 

Naturalistic stimuli show great promise for informing developmen-
al research. Children may find them more captivating and enjoyable
han experiment setups with non-naturalistic stimuli. Furthermore, the
tudies conducted thus far indicate that, while commonalities exist with
ndings from adult subjects, there also exist differences that offer impor-
ant insights into how, for example, narratives’ comprehension evolves
ver the course of development. One area of application that may be able
o benefit from opportunities to use naturalistic stimuli in neuroimaging
s the development of educational materials, through estimation of the
xtent to which specific materials captivate the user, engage language-
rocessing, and interact with memory-encoding structures. 

eature films in non-invasive neuroimaging studies of emotions 

ovies and narratives as powerful tools in emotion research 

Movies and narratives can robustly elicit genuine emotional re-
ctions far beyond those to, for example, “emotional ” pictures
 Westermann et al., 1996 ). Therefore, naturalistic stimuli represent a
owerful tool for neuroimaging studies of emotions. Such stimuli were
sed to elicit emotions during recording of brain activity as early as 1954
 Gastaut and Bert, 1954 ). Today, several decades later, movies and nar-
atives have seen use as naturalistic stimuli in a wealth of neuroimag-
ng studies ( Aftanas et al., 1998 ; Cahill et al., 1996 ; Decety and Chami-
ade, 2003 ; Dimpfel et al., 2003 ; Dougherty et al., 1999 ; Gilbert et al.,
989 ; Jones and Fox, 1992 ; Karama et al., 2002 ; Krause et al.,
000 ; Lane et al., 1997 ; Levesque et al., 2003 ; Redoute et al., 2000 ;
eiman et al., 1997 ). Even inducing anger, often considered challenging,
as been possible with movie stimuli ( Jacob et al., 2018 ). First-person
erspective seems especially efficient in driving embodied and emo-
ional perception ( Eich et al., 2009 ; Said Yekta et al., 2009 ). In this re-
earch area, methodology advances have been vital ( Dayan et al., 2018 ;
az et al., 2012 ; Jaaskelainen et al., 2008 , 2016b ; Nummenmaa et al.,
012 , 2014a ; Viinikainen et al., 2012 ; Wallentin et al., 2011 ). One good
xample is producing successful classification of emotional states on the
asis of brain-activity patterns by developing machine-learning algo-
ithms. 

lassifying emotions by means of brain-activity distribution patterns 

There are reports of successfully classifying specific emotions (e.g.,
nger, fear, sadness, and happiness) from fMRI data with machine-
earning algorithms ( Kragel and LaBar, 2015 ; Saarimäki et al., 2016 , but
ee also Karama et al., 2011 ). In other words, by proceeding from pat-
erns of brain-activity distributions across and within specific anatomi-
al areas, one can ascertain with fair accuracy which basic emotion the
ubject was experiencing during neuroimaging. This suggests that each
asic emotion is generated via a distinct brain mechanism ( Kragel and
aBar, 2015 ; Saarimäki et al., 2016 ). Recent evidence indicates that it is
ossible to classify more specific emotions also, such as love and pride
ithin the “happiness ” basic-emotion category ( Saarimäki et al., 2018 ).

n addition, brain activity accompanying sadness differs between two
ypes of sadness-inducing movies, one involving also sympathy and an-
ther involving hate ( Raz et al., 2012 ). These findings lend support to
he hypothesis that successful classification of patterns of activity for the
asic-emotion categories reflects an average pattern across slightly dif-
erential within-category instances of the basic emotion rather than, e.g.,
adness always involving exactly the same replicable activation pattern
 Clark-Polner et al., 2017 ). This is an interesting theoretical question re-
ating to the debate on discrete vs. constructivist emotion theories that
ould be addressed in future studies. 

The ability to classify emotions opens new possibilities for inves-
igating the neural events underlying experienced emotions. For the
ocial sciences, this might provide a method by which to circumvent
he problem of subjects responding in a socially acceptable manner in
elf-reporting-type questionnaires. In addition to fMRI, emotion clas-
ification can be accomplished from EEG data at accuracies as high
s 80% ( Özerdem and Polat, 2017 ; Shuang et al., 2016 ; Yano and
uyama, 2016 ), and EEG also suffices for estimating emotional valence –
.e., negative vs. positive emotional state ( Costa et al., 2006 ; Zhao et al.,
018 ). Given that EEG can be implemented as wearable technology, it
olds potential for studies in more naturalistic conditions than during
MRI, such as estimation of emotional reactions during social interac-
ions. Estimation of differential emotional reactions to members of in-
roup vs. outgroups provides one example of this, as self-reports are
ften biased in such settings by the need to look acceptable in the eyes
f others. 

patiotemporal orchestration of brain activity during emotional experiences 

Classifying spatiotemporal patterns of activity is an important area
f development in data analysis. Many studies have investigated inter-
rea connectivity and activity during emotional experiences ( Jang et al.,
017 ; Leon-Carrion et al., 2006 ; Nummenmaa et al., 2012 , 2014a ,
014b ; Raz et al., 2016 ; Schlochtermeier et al., 2017 ; Straube et al.,
010 ); however, few have examined spatiotemporal evolution of brain
ctivity during emotional experiences. An exceptional early study iden-
ified regions of the brain that are involved in the initial stages of emo-
ion elicitation during listening to a narrative ( Sabatinelli et al., 2006 ).
ore recently, movie clips of disgusting vs . appetizing food were found

o elicit a cascade of brain events from the orbitofrontal cortex and visual
ortices to the periaqueductal gray matter, amygdala, and insula, finally
eaching the cerebellum and DMN structures ( Pujol et al., 2018 ). These
ndings suggest that midline structures, which are central to emotion
lassification ( Saarimäki et al., 2016 ), are involved in the final stages
f emotions’ elicitation and maintenance. Furthermore, future studies
ould address to what extent such emotion-representations play a role
n memory representations that appear to be coded as distributed pat-
erns of activity across similar set of brain regions. 

he neural basis of emotion regulation 

Emotion regulation can both suppress emotional experiences (as
ith wanting to brush aside sadness) and augment it (e.g., in want-

ng to use anger to fuel one’s assertiveness before complaining about
oor customer service). Emotion-regulation instructions can be read-
ly given to experiment subjects watching movies or listening to nar-
atives. Frontoparietal areas showed widespread activation when sub-
ects were instructed to suppress their emotions while viewing negative-
motion-oriented movie clips during fMRI ( Shimamura et al., 2013 ).
he greater the VMPFC’s role in the emotion-regulation network dur-

ng highly anger-inducing parts of the movie, the stronger the indi-
idual subject’s anger management and the lower the subject’s trait-
nger level ( Jacob et al., 2018 ). Similarly, stronger frontal EEG activ-
ty is associated with better emotion regulation during induction of
motions ( Dennis and Solomon, 2010 ; see also Nitschke et al., 2004 ).
hese findings point to high importance of frontal cortical mecha-
isms in emotion regulation, thus validating previous findings obtained
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ith non-naturalistic stimuli. Finally, there is also recent intracranial
EG evidence suggesting that temporal pole regulates amygdala re-
ponses during both presentation of emotional pictures and movie clips
 Sonkusare et al., 2020 ). 

A related line of research has investigated how acute stress modu-
ates subsequent emotional responses. In one study, acute stress induced
ia aversive movie clips resulted in hypersensitivity and less specificity
f amygdala responses while activations in sensory areas were aug-
ented ( van Marle et al., 2009 ). In a follow-up study, functional con-
ectivity increased between the amygdala and a set of brain regions in-
luding the anterior cingulate cortex (ACC), the anterior insula (AI), and
ubcortical regions after acute stress ( van Marle et al., 2010 ). A study
 few years later found emotional movies to prime the amygdala so as
o react more strongly to fearful faces after negative-valence emotional
ovies, with the opposite pattern observed after viewing of positive-

alence ones ( Pichon et al., 2015 ). Together, these findings shed light on
he neural basis of lingering emotional aftereffects. The strength of nat-
ralistic stimuli in inducing emotional states (in comparison with, e.g.,
till pictures) makes them very well suited for studying such emotional
ftereffects. They also suggest that future neuroimaging-based studies
f emotions should employ sufficiently long wash-out periods between
motion conditions. 

A few studies have addressed the neurotransmitter basis of emotion
egulation. In an early EEG study, anxiolytic effects of smoking occurred
n conjunction with right-hemisphere activity in smokers, suggesting
hat acetylcholine plays a role in emotion regulation given that nico-
ine stimulates the acetylcholine system ( Gilbert et al., 1989 ). In an
MRI study, a single dose of the antidepressant mirtazapine increased
ubjects’ functional connectivity associated with positive emotional va-
ence in cortical midline and limbic structures while they listened to a
arrative, suggesting that the histamine and serotonin systems are in-
olved in emotion regulation ( Komulainen et al., 2017 ). Also, prenatal
ocaine exposure has been observed to modulate responses to food cues
n the ventral striatum, ACC, and MPFC, with this effect correlated with
elf-reported food cravings ( Yip et al., 2014 ). These findings offer some
romising leads for further research on the neurotransmitter basis of
motion regulation. 

euroimaging that addresses brain correlates of sexual arousal 

Movie clips offer a valuable tool for investigating brain-activity cor-
elates of sexual arousal. An early PET study wherein subject were
hown sexually arousing movie clips suggested that its cognitive, emo-
ional, motivational, and autonomic aspects are associated with ACC,
rbitofrontal cortex, striatal structure, and hypothalamus activations
 Redoute et al., 2000 ). In another study, the nucleus accumbens and
PFC were selectively activated during anticipation of erotic film con-

ent vs. aversive movie clips ( Greenberg et al., 2015 ). Results of gender-
ffect studies have been mixed. Greater hypothalamus activation has
een observed in males than females during watching of erotic movies,
n effect that correlated with self-reported sexual arousal ( Karama et al.,
002 ). In contrast, a recent study found stronger correlations between
rain activations and physiological measurements of sexual arousal in
emales than males ( Parada et al., 2018 ). In yet another study, re-
earchers found the between-gender similarities to be greater, overall,
han the differences ( Parada et al., 2016 ). Such results seem to indicate
hat ample room remains for scholars to address the gender differences
ith respect to sexual arousal related brain activations. 

ocial emotions 

Social emotions are often defined as emotional states and rections
hat depend on, or are modulated by, others’ actual or imagined emo-
ions. Shame and pride are good examples of social emotions that differ
rom basic emotions such as fear that can be felt irrespective of others’
eelings, such as fear experienced when walking alone in a dark for-
st. Via machine-learning algorithms, social emotions can be classified
n the basis of patterns in the distribution of brain activity, which sug-
ests that individual social emotions have partly distinct neural bases
 Saarimäki et al., 2018 ). Inter-individual differences play a role in social
motions, with differences in self-reported power vs. affiliation motiva-
ions being predictive of differential fMRI activity in the prefrontal cor-
ex and striatum during viewing of power-related vs. love-related movie
lips ( Quirin et al., 2013 ). Affection for someone in the movie also makes
 difference: in a PET study, watching one’s favorite people elicited a
ositive mood; elevated immune-system function; increased dopamine
evels; and activated the MPFC, thalamus, hypothalamus, pCC, STG, and
erebellum ( Matsunaga et al., 2008 ). 

In a recent study, activity in core-affective and MPFC areas was en-
anced when subjects were shown an arousal-indicated measurement
urportedly of another subject watching the movie ( Golland et al.,
017 ). This approach offers a way of assessing the modulatory effects
f others’ emotional reactions on experiment subjects’ emotions, which
lays a central role in study of social emotions. “Catching ” and being
nfluenced by other people’s emotions have a central role in the phe-
omenon of herding (i.e., how individual decisions are influenced by
ehavior of the group), so methods that permit studying the underly-
ng neural mechanisms create new and exciting possibilities for future
esearch. 

In parallel with findings from the aforementioned studies of the af-
ereffects of emotion-eliciting stimuli, interesting studies have examined
ftereffects of social-emotional narratives. Listening to a patient’s story
bout a dismissive parental relationship in childhood reduced supple-
entary motor areas’ connectivity with other areas of the brain dur-

ng subsequent rest ( Borchardt et al., 2015 ). In another study, reduced
unctional connectivity patterns were identified between the caudate
ucleus, TPJ, DLPFC, and cingulate cortex after certain types of emo-
ional attachment narrative ( Krause et al., 2018 ), and EEG findings sug-
est that, while subjects remain aroused after hearing attachment narra-
ives, they affectively disengage from content about dismissiveness soon
fter hearing it ( Borchardt et al., 2018 ). Finally, negative emotions in-
uced by movie clips inhibited lateral prefrontal cortical activation dur-
ng a subsequent theory-of-mind (ToM) task in a functional near-infrared
pectroscopy study ( Himichi et al., 2015 ); due to the method used in
his study only the activity of lateral prefrontal cortex was measured.
hese findings suggest, in sum, that negative-emotional narratives re-
uce functional connectivity (and activity) in areas that support social
ognition and social approach. This type of modulation is possibly akin
o how a priori information and explicit perspective-taking modulate
rocessing of movie clips and narratives in the brain, as described above
n connection with perspective-taking. Notably, the lingering effects of
earing about social rejection are something that would be highly diffi-
ult to study using non-naturalistic stimuli. 

aturalistic stimuli in neuroimaging studies of social cognition 

he default-mode network and social cognition 

In the area of social cognition, naturalistic stimuli have extended the
ossibilities of neuroimaging to the investigation of the neural mech-
nisms supporting observation of dynamically evolving social interac-
ions, which is something that would be difficult to study with non-
aturalistic stimuli. Neuroimaging studies with naturalistic stimuli have
rovided significant insights into what takes place when DMN struc-
ures are activated. Prior to these studies, researchers had observed that
he DMN is activated when there is no task, yet concrete proof of what
unction this might serve was lacking. In a pioneering study, percep-
ion of social interactions robustly activated the DMN ( Iacoboni et al.,
004 ). Importantly, the results suggested that subjects were “daydream-
ng ” about their relationships during rest. Highlighting the DMN’s role
n social cognition, these findings support the view that the DMN creates
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nd plays through new scenarios of how one should act in various social
ituations, which get stored to long-term memory and help prepare the
ndividual for later real-life social interactions ( Bar, 2009 ). Even though
he functions served by DMN are highly versatile beyond social cogni-
ion, naturalistic stimuli have been especially suited for studying the
ole of DMN in social cognition. 

It is noteworthy with regard to the DMN regions that the pSTS/TPJ
eems to play a central role in perception of social cues that occur
ver short time intervals (e.g., one person smiling at another). When
esponses to brief clips with various types of social content vs. non-
ocial content were compared, the pSTS/TPJ emerged as the region
ost broadly responsive to social content ( Lahnakoski et al., 2012 ). Cor-

oborating this, short movie clips of facial expressions elicited activity
cross the STS, fusiform face area, and occipital face area ( Reinl and
artels, 2014 ). Providing causal evidence of the involvement of pSTS,
ranscranial magnetic stimulation over the pSTS reduced fMRI responses
o three-second clips of moving faces in the pSTS ( Pitcher et al., 2017 ).
he involvement of pSTS/TPJ in perception of social cues has been fur-
her clarified in a study that contrasted activations caused by movie
lips of unresolved interactions ( e.g ., two people wordlessly staring at
ach other), non-habitual interactions ( e.g ., a pedestrian patting a cy-
list on the shoulder at a traffic light), and habitual interactions ( e.g .,
aying for groceries at a store) ( Wolf et al., 2018 ). Notably, movie clips
re very well suited for contrasting fMRI activity between these differ-
nt types of interactions, and it would have been difficult to study this
ith artificial stimuli. Watching the non-habitual interactions specifi-

ally activated the TPJ. In contrast, watching habitual interactions ac-
ivated the hippocampus and lateral occipital cortex. Together these
ndings suggest that pSTS/TPJ is intimately involved in the percep-
ion of a wide range of social cues, and seems to be especially re-
ruited during perception of non-habitual social interactions, suggest-
ng that it participates in higher-order, less automated, processing of
ocial cues. 

erception of goal-directed behavior in movies 

Naturalistic stimulation studies have helped clarify the neural
echanisms underlying humans’ processing of goal-directed actions in
ovies ( Cooper et al., 2011 ; Guclu and van Gerven, 2017 ; Hamilton and
rafton, 2006 ; Salmi et al., 2014 ; Shimada, 2009 ). Whereas still pic-

ures can represent goal-directed actions, movies contain dynamic in-
ormation that the brain must process in day-to-day life, which involves
thers’ goal-directed actions. Movies permit, for instance, comparing
he effects of seeing mere stimulus motion with those of viewing goal-
irected behaviors. In such comparison, posterior parietal cortical areas
ere observed to respond specifically to observed goal-directed actions
f others ( Salmi et al., 2014 ). These findings are extended by obser-
ations of posterior parietal regions specifically responding to semanti-
ally meaningful actions ( Newman-Norlund et al., 2010 ). Furthermore,
eeing a protagonist pass on an object to someone who then performs
ither an incongruent or a congruent action with it activated the right
FG, suggesting on the involvement of IFG as the goal-directed actions
et more complex ( Shibata et al., 2011 ). Supporting this interpretation,
n another study, inferior frontal areas exhibited augmented hemody-
amic responses during watching of cooperative vs. non-cooperative
ctions ( Shibata et al., 2007 ). Again, here the use of naturalistic stim-
li has opened up possibilities for research, as studying the processing
f cooperative vs. non-cooperative behaviors and incongruent vs. non-
ncongruent actions with an object would be very challenging using ar-
ificial stimuli. 

Brain regions associated with processing of objects (occipital), ac-
ions (posterior parietal and IFG), and others’ mental states (VMPFC)
ere context-dependently activated when experiment subjects watched
nother person search for hidden objects, thus providing insights be-
ond findings obtained using artificial stimuli by suggesting that action
omprehension in social contexts activates mental state processing areas
n addition to the mirror neuron system ( Ramsey and Hamilton, 2012 ).
he VMPFC was also activated in healthy subjects during perception of
ocial actions with potentially negative consequences such as cutting
n line ( Grossman et al., 2010 ). Furthermore, this activation overlapped
ith damaged brain areas in neurological patients with reduced sensitiv-

ty to negative consequences of inappropriate actions ( Grossman et al.,
010 ). Detecting errors committed by others in movie clips activated
he striatum, TPJ, and IFG ( Jaaskelainen et al., 2016a ). When errors
y others were observed under only a non-naturalistic paradigm, this
ctivity was limited to the IFG, demonstrating that naturalistic stimuli
an more fully reveal the brain regions involved in processing errors
y others ( Jaaskelainen et al., 2016a ). The studies mentioned here hint
t the wide range of goal-directed actions amenable to study through
aturalistic stimuli. 

heory of mind and mentalizing 

Naturalistic stimuli offer a rich array of possibilities for research on
he neural basis of ToM, in that mentalizing about others often involves
rocessing social cues that occur over longer timescales. There are stud-
es attesting to considerable overlap between activity elicited by ToM
vents in naturalistic stimuli and areas activated by explicit ToM local-
zer tasks ( Jacoby et al., 2016 ; Naughtin et al., 2017 ; Wolf et al., 2010 ).
owever, entirely new observations too have been provided by neu-

oimaging studies employing naturalistic stimuli. For instance, ToM was
dditionally associated with the left superior medial frontal gyrus and
recuneus activity during listening to an audiobook ( Kandylaki et al.,
015 ). Inference of the intention vs. consequences of protagonist actions
howed involvement of the TPJ, visual areas, MPFC, IFG, and angu-
ar gyrus ( Mason and Just, 2011 ). Observing virtual characters in host–
uest business interactions where the subject was to subsequently judge
hether the interactions had been between “friends ” or “foes ” activated

he STS, lateral and medial prefrontal (MPFC) areas, and the amygdala
 Sung et al., 2011 ). In another study, clips from live-action movies acti-
ated the MPFC more strongly than cartoons, perhaps through stronger
entalization ( Han et al., 2005 ). Also, the anterior temporal lobes were

ecruited when social cognition demanded access to social conceptual
nowledge ( Ross and Olson, 2010 ). In developmental studies with natu-
alistic stimuli, a distinct ToM network was observed to develop gradu-
lly after three years of age without strict correspondence with the emer-
ence of ability to pass the false belief task ( Richardson et al., 2018 ),
nd in adolescents activity in areas associated with ToM correlated with
evelopment of moral reasoning ( Sommer et al., 2014 ). 

motional and cognitive empathy 

Empathy is an aspect of social cognition that is thought to consist
f two distinct processes, where emotional empathy involves being dis-
osed to feel others’ emotions (and thus becomes intertwined with re-
earch on emotions as described above) and cognitive empathy is anal-
gous to ToM ( Shamay-Tsoory, 2011 ). Neuroimaging studies with nat-
ralistic stimuli have both supported this model and yielded additional
nsights. Dissociation between independent components attributed to
motional and cognitive empathy during viewing of an emotional movie
rovided evidence for the model ( Vemuri and Surampudi, 2015 ). Fur-
her, findings obtained in a large sample of subjects using “EmpaToM ”
ask specifically developed to contrast between empathetic vs. ToM pro-
essing during viewing of short movie clips clearly indicated that emo-
ional empathy and ToM are supported by distinct brain networks that
nclude anterior insula and TPJ, respectively ( Kanske et al., 2015 ). In-
erestingly, these networks were also separable during resting state. 

Findings that have brought new insight include observing that em-
athy with others’ physical vs. emotional pain selectively activated
he insula vs. dorsal MPFC, respectively ( Bruneau et al., 2012 ). This
ype of dissociation between empathy with physical pain and emotional
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ain proves far easier to probe with naturalistic than with more tradi-
ional stimuli. In a combined fMRI–PET study, the strength of hemody-
amic responses in the insula while one was seeing others in pain was
redicted by lower mu-opioid receptor availability in the same struc-
ure, highlighting the opioidergic system’s role in feeling others’ pain
 Karjalainen et al., 2017 ). 

ovies in neuroimaging studies of humor 

The neural basis of humor-processing is another area of investiga-
ion wherein naturalistic stimuli are highly useful. Many genres of hu-
or are narrative- or film-based, and jokes in comedy movies often

erve as more effective stimuli than humor presented by other means,
hereby allowing for more robust stimulation of the relevant brain mech-
nisms during neuroimaging. In an early study, scholars observed that
echanisms of the inferior frontal and posterior temporal areas un-
erlie detection of humor and that the insula and amygdala support
ppreciating humor ( Moran et al., 2004 ). In another study, the neu-
al basis of irony-processing was broken into components, associated
ith specific brain structures. The anterior STG was connected with

ocial-conceptual knowledge, the MPFC and anterior ITG with context-
ppreciation, the amygdala and hippocampus with strength of irony
erceptions, and the DLPFC with the degree of humorousness experi-
nced ( Akimoto et al., 2014 ). Other work presented observations that
he right DLPFC and temporal-lobe areas seem to govern anticipation
f humorous events ( Sawahata et al., 2013 ). In a final noteworthy
tudy, the frontal pole was activated during humor in comedy clips,
ossibly because the humor extended over a longer time in those clips
 Iidaka, 2017 ; Jaaskelainen et al., 2016b ). 

erception of rewards in movies 

Observing reward-producing vs . loss-producing actions by others in
ovie clips resulted in a stronger motor-cortical mu rhythm in EEG

races than did viewing of neutral actions ( Brown et al., 2013 ). Also,
ctive smokers, in a contrast against successfully treated abstaining
mokers, showed activity in mesolimbic reward circuitry and several
ortical regions correlated with an urge to smoke, including the or-
itofrontal cortex ( Weinstein et al., 2010 ). Scholars conducting a related
MRI study found smokers, as compared with non-smokers, to exhibit
mirror-neuron ”-type activity in the frontal and parietal regions while
atching videos that depict smoking actions ( Wagner et al., 2011 ). A
eroin-use-oriented movie produced higher levels of brain activity in
refrontal cortical areas in heroin addicts than in controls, with the re-
erse observed for erotic movies ( Jiang et al., 2014 ). Such studies as
hese demonstrate movies’ utility for investigation of the neural basis of
eward-processing, which forms the basis for developing addictions. 

onclusions 

Movies and narratives have been successfully used as naturalistic
timuli to address a plethora of significant outstanding research ques-
ions pertaining to how the sensory, attentional, memory, language,
motion, and social cognition systems function under naturalistic con-
itions, in cases of health and disorders alike. Using naturalistic stimuli
as opened possibilities especially to address questions that would have
een difficult to tackle well with a more traditional experimental ap-
roach. This article has highlighted such research findings in numerous
ey branches of research. 

These advances include discovery of a cortical hierarchy of TRWs
hat enable the brain to process dynamic information that accumulates
ver different timescales in such contexts as conversation, social inter-
ctions, and goal-directed behavior. Fuller understanding of how the
ippocampus helps segment events occurring in day-to-day life and en-
ode them in memory (e.g., what happens at breakfast gets encoded as
 separate event from a subsequent event such as driving to work) rep-
esents another significant advance. Our understanding of the nature of
uman memory has been fundamentally changed by naturalistic neu-
oimaging studies ( Hasson et al., 2015 ). These mechanisms hold further
romise such as great potential in work investigating how the TRW hi-
rarchy and event segmentation interact during natural viewing (e.g.,
hich neural mechanisms cause the various event boundaries to reset

he TRWs). 
A further insight is that DMN structures support processing of a nar-

ative’s evolving plot. Future studies could investigate how the DMN
upports processing across event boundaries. It is also robustly activated
uring viewing of social interactions. These findings together suggest
hat the classical observation that the DMN is active during rest results
rom subjects daydreaming about complex social interactions when they
re not engaged in a task during neuroimaging. This could point to new
ays of investigating resting state (e.g., aided by experience-sampling
ethods). 

Naturalistic stimuli have also yielded insights into attentional brain
echanisms underlying ability to adopt specific perspectives during nat-
ral viewing. This research could be expanded by further linking specific
spects of perspective-related information-gathering to underlying neu-
al mechanisms. For example, particular kinds of social perspective, as
n watching an employee and supervisor interact, might be associated
ith distinct types of demands with regard to the social cues being given
ttention. 

By eliciting genuine and robust emotions, naturalistic stimuli have
elped elucidate the brain basis of both basic and social emotions, which
eem manifested in highly overlapping yet distinguishable patterns of
ctivity. Future studies could, for example, investigate the spatiotempo-
al cascades underlying emotional reactions. In the area of social cog-
ition, naturalistic stimuli hold vast potential for examining the neural
asis of such phenomena as ToM (e.g., while subjects mentalize about
he minds of movie protagonists) and processing of humor (as it evolves
n the screen). 

It should also be acknowledged that there are a number of limitations
nd caveats in the use of naturalistic stimuli in neuroimaging studies.
verall, one always loses in control as the stimulus becomes more natu-

alistic, for example, it could hypothetically be possible that some brain
esponses attributed to emotions or social cognition could be in fact
aused by there being more close-ups in the respective parts of the movie
lips being used. These types of caveats can be avoided by utilization of
rtificial and naturalistic stimulus paradigms in parallel (e.g., by using
 continuum of stimuli from artificial to naturalistic across experiments
n the same subjects) and by modeling both factors of interest (e.g., self-
eports of emotional experiences) and potential nuisance factors (e.g.,
hot sizes in the movie) and taking them into account in the analyses.
nother limitation is that movies and narratives still differ from real life

n many ways: the most notable of these is perhaps that the subject is a
assive viewer/listener instead of being an active agent with goals that
e/she pursues while making decisions. Virtual reality setups would al-
ow circumventing this limitation that pertains to research on memory,
ttention, language, emotions and social cognition, and might indeed be
he next step in this exciting area of research. 

Overall, developments in neuroimaging and in complementary
ehavior- and data-analysis methods hold keys to advancing rapidly
o even more robust use of naturalistic stimuli. Combining more tra-
itional controlled experimental designs, such as ToM and other local-
zer tasks, with use of movies and narratives represents another highly
romising research direction, as does expanding naturalistic stimula-
ion from movie clips and narratives to virtual reality and computer-
ame/simulated environments. 

cknowledgments 

Supported by the Academy of Finland (# 276643 , # 332309 ,
 308431 , and # 308431 ), National Institutes of Health ( R01DC017991 ,



I.P. Jääskeläinen, M. Sams, E. Glerean et al. NeuroImage 224 (2021) 117445 

R  

o  

2

R

A  

 

A  

 

A  

 

 

A  

 

A  

 

A  

 

 

A  

 

B  

B  

 

B  

 

B  

B  

 

B  

B  

B  

B  

 

B  

 

B  

 

B  

B  

 

B  

 

B  

 

B  

 

B  

 

 

B  

 

B  

 

 

B  

 

 

B  

 

B  

 

B  

 

B  

 

B  

 

C  

 

C  

 

C  

 

C  

 

C  

 

C  

C  

C  

C  

C  

C  

 

C  

D  

d  

 

D  

D  

 

 

D  

 

D  

 

D  

 

D  

E  

E  

 

E  

F  

 

F  

 

G  

 

G  
01DC016765 and R01DC016915 ), and by the International Laboratory
f Social Neurobiology ICN HSE RF Government grant ag. No. 075-15-
019-1930 . 

eferences 

bdulSabur, N.Y. , Xu, Y. , Liu, S. , Chow, H.M. , Baxter, M. , Carson, J. , Braun, A.R. , 2014.
Neural correlates and network connectivity underlying narrative production and com-
prehension: a combined fMRI and PET study. Cortex 57, 107–127 . 

ftanas, L.I. , Lotova, N.V. , Koshkarov, V.I. , Popov, S.A. , 1998. Non-linear dynamical cou-
pling between different brain areas during evoked emotions: an EEG investigation.
Biol. Psychol. 48, 121–138 . 

hveninen, J. , Hämäläinen, M. , Jaaskelainen, I.P. , Ahlfors, S.P. , Huang, S. , Lin, F.-.H. ,
Raij, T. , Sams, M. , Vasios, C. , Belliveau, J.W. , 2011. Attention-driven auditory cortex
short-term plasticity helps segregate relevant sounds from noise. Proc. Natl. Acad. Sci.
USA 108, 4182–4187 . 

kimoto, Y. , Sugiura, M. , Yomogida, Y. , Miyauchi, C.M. , Miyazawa, S. , Kawashima, R. ,
2014. Irony comprehension: social conceptual knowledge and emotional response.
Hum. Brain Mapp. 35, 1167–1178 . 

ltmann, U. , Bohrn, I.C. , Lubrich, O. , Menninghaus, W. , Jacobs, A.M. , 2012. Fact vs. fic-
tion–how paratextual information shapes our reading processes. Soc. Cogn. Affect.
Neurosci. 9, 22–29 . 

stolfi, L. , Vecchiato, G. , De Vico Fallani, F. , Salinari, S. , Cincotti, F. , Aloise, F. , Mattia, D. ,
Marciani, M.G. , Biachi, L. , Soranzo, R. , Babiloni, F. , 2009. The track of brain activity
during the observation of TV commercials with the high-resolution EEG technology.
Comput. Intell. Neurosci., 652078 . 

wad, M. , Warren, J.E. , Scott, S.K. , Turkheimer, F.E. , Wise, R.J. , 2007. A common sys-
tem for the comprehension and production of narrative speech. J. Neurosci. 27,
11455–11464 . 

abajani-Feremi, A. , 2017. Neural mechanisms underlying comprehension of narrative
speech and its heritability: study in a large population. Brain Topogr. 30, 592–609 . 

acha-Trams, M. , Glerean, E. , Dunbar, R. , Lahnakoski, J.M. , Ryyppo, E. , Sams, M. , Jaaske-
lainen, I.P. , 2017. Differential inter-subject correlation of brain activity when kinship
is a variable in moral dilemma. Sci. Rep. 7, 14244 . 

acha-Trams, M. , Ryyppö, E. , Glerean, E. , Sams, M. , Jaaskelainen, I.P. , 2020. Social per-
spective taking shapes brain hemodynamic activity and eye-movements during movie
viewing. Soc. Cogn. Affect. Neurosci. 15, 175–191 . 

achrach, A. , Jola, C. , Pallier, C. , 2016. Neuronal bases of structural coherence in con-
temporary dance observation. Neuroimage 124, 464–472 . 

aldassano, C. , Chen, J. , Zadbood, A. , Pillow, J.W. , Hasson, U. , Norman, K.A. , 2017. Dis-
covering event structure in continuous narrative perception and memory. Neuron 95,
709–721 . 

aldassano, C. , Hasson, U. , Norman, K.A. , 2018. Representation of real-world event
schemas during narrative perception. J. Neurosci. 38, 9689–9699 . 

ar, M. , 2009. The proactive brain: memory for predictions. Phil. Trans. R. Soc. B 364,
1235–1243 . 

autista, A. , Wilson, S.M. , 2016. Neural responses to grammatically and lexically degraded
speech. Lang. Cong. Neurosci. 31, 567–574 . 

ecker, R.B. , Ferretti, T.R. , Madden-Lombardi, C.J. , 2013. Grammatical aspect, lexical
aspect, and event duration constrain the availability of events in narratives. Cognition
129, 212–220 . 

en-Yakov, A. , Dudai, Y. , 2011. Constructing realistic engrams: poststimulus activity of
hippocampus and dorsal striatum predicts subsequent episodic memory. J. Neurosci.
31, 9032–9042 . 

en-Yakov, A. , Eshel, N. , Dudai, Y. , 2013. Hippocampal immediate poststimulus activ-
ity in the encoding of consecutive naturalistic episodes. J. Exp. Psychol. Gen. 142,
1255–1263 . 

en-Yakov, A. , Henson, R.N. , 2018. The hippocampal film editor: sensitivity and speci-
ficity to event boundaries in continuous experience. J. Neurosci. 38, 10057–10068 . 

en-Yakov, A. , Rubinson, M. , Dudai, Y. , 2014. Shifting gears in hippocampus: temporal
dissociation between familiarity and novelty signatures in a single event. J. Neurosci.
34, 12973–12981 . 

etti, V. , Della Panna, S. , de Pasquale, F. , Mantini, D. , Marzetti, L. , Romani, G.L. , Cor-
betta, M. , 2013. Natural scenes viewing alters the dynamics of functional connectivity
in the human brain. Neuron 79, 782–797 . 

ezdek, M.A. , Wenzel, W.G. , Schumacher, E.H. , 2017. The effect of visual and musical
suspense on brain activation and memory during naturalistic viewing. Biol. Psychol.
129, 73–81 . 

inder, J.R. , Desai, R.H. , Graves, W.W. , Conant, L.L. , 2009. Where is the semantic system?
A critical review and meta-analysis of 120 functional neuroimaging studies. Cereb.
Cortex 19, 2767–2796 . 

loch, C. , Kaiser, A. , Kuenzli, E. , Zappatore, D. , Haller, S. , Franceschini, R. , Luedi, G. ,
Radue, E.W. , Nitsch, C. , 2009. The age of second language acquisition determines
the variability in activation elicited by narration in three languages in Broca’s and
Wernicke’s area. Neuropsychologia 47, 625–633 . 

oldt, R. , Malinen, S. , Seppä, M. , Tikka, P. , Savolainen, P. , Hari, R. , Carlson, S. , 2013.
Listening to an audio drama activates two processing networks, one for all sounds,
another exclusively for speech. PLoS One 8, e64489 . 

orchardt, V. , Krause, A.L. , Li, M. , van Tol, M.J. , Demenescu, L.R. , Buchheim, A. , Met-
zger, C.D. , Sweeney-Reed, C.M. , Nolte, T. , Lord, A.R. , Walter, M. , 2015. Dynamic dis-
connection of the supplementary motor area after processing of dismissive biographic
narratives. Brain Behav. 5, e00377 . 

orchardt, V. , Surova, G. , van der Meer, J. , Bola, M. , Frommer, J. , Leutritz, A.L. ,
Sweeney-Reed, C.M. , Buchheim, A. , Strauss, B. , Nolte, T. , Olbrich, S. , Walter, M. ,
2018. Exposure to attachment narratives dynamically modulates cortical arousal dur-
ing the resting state in the listener. Brain Behav. 8, e01007 . 

rederoo, S.G. , Bos, L.S. , Dragoy, O. , Bastiaanse, R. , Baggio, G. , 2015. Gamma oscillations
as a neural signature of shifting times in narrative language. PLoS One 10, e0121146 .

rennan, J.R. , Stabler, E.P. , Van Wagenen, S.E. , Luh, W.M. , Hale, J.T. , 2016. Abstract lin-
guistic structure correlates with temporal activity during naturalistic comprehension.
Brain Lang. 157-158, 81–94 . 

roderick, M.P. , Anderson, A.J. , Di Liberto, G.M. , Crosse, M.J. , Lalor, E.C. , 2018. Electro-
physiological correlates of semantic dissimilarity reflect the comprehension of natural,
narrative speech. Curr. Biol. 28, 803–809 . 

rown, E.C. , Weirsema, J.R. , Pourtois, G. , Brune, M. , 2013. Modulation of motor cor-
tex activity when observing rewarding and punishing actions. Neuropsychologia 51,
52–58 . 

runeau, E.G. , Pluta, A. , Saxe, R. , 2012. Distinct roles of the "shared pain" and "theory
of mind" networks in processing others’ emotional suffering. Neuropsychologia 50,
219–231 . 

ahill, L. , Haier, R.J. , Fallon, J. , Alkire, M.T. , Tang, C. , Keator, D. , Wu, J. , McGaugh, J.L. ,
1996. Amygdala activity at encoding correlated with long-term, free recall of emo-
tional information. Proc. Natl. Acad. Sci. USA 93, 8016–8021 . 

hen, J. , Honey, C.J. , Simony, E. , Arcaro, M.J. , Norman, K.A. , Hasson, U. , 2016. Accessing
real-life episodic information from minutes versus hours earlier modulates hippocam-
pal and high-order cortical dynamics. Cereb. Cortex 26, 3428–3441 . 

hen, J. , Leong, Y.C. , Honey, C.J. , Yong, C.H. , Norman, K.A. , Hasson, U. , 2017. Shared
memories reveal shared structure in neural activity across individuals. Nat. Neurosci.
20, 115–125 . 

hristoforou, C. , Papadopoulus, T.C. , Constantinidou, F. , Theodorou, M. , 2017. Your brain
on the movies: a computational approach for predicting box-office performance from
viewer’s brain responses to movie trailers. Front. Neuroinform. 11, 72 . 

lark-Polner, E. , Johnson, T.D. , Feldman Barrett, L. , 2017. Multivoxel pattern analysis
does not provide evidence to support the existence of basic emotions. Cereb. Cortex
27, 1944–1948 . 

ohen, S.S. , Henin, S. , Parra, L.C. , 2017. Engaging narratives evoke similar neural activity
and lead to similar time perception. Sci. Rep. 7, 4578 . 

ohen, S.S. , Parra, L.C. , 2016. Memorable audiovisual narratives synchronize sensory and
supramodal neural responses. eNeuro 3 ENEURO.0203-0216.2016 . 

ooper, E.A. , Hasson, U. , Small, S.L. , 2011. Interpretation-mediated changes in neural
activity during language comprehension. Neuroimage 55, 1314–1323 . 

orbetta, M. , Shulman, G.L. , 2002. Control of goal-directed and stimulus-driven attention
in the brain. Nat. Rev. Neurosci. 3, 201–215 . 

osta, T. , Rognoni, E. , Galati, D. , 2006. EEG phase synchronization during emotional re-
sponse to positive and negative film stimuli. Neurosci. Lett. 406, 159–164 . 

rinion, J.T. , Lambon-Ralph, M.A. , Warburton, E.A. , Howard, D. , Wise, R.J. , 2003.
Temporal lobe regions engaged during normal speech comprehension. Brain 126,
1193–1201 . 

ukur, T. , Nishimoto, S. , Huth, A.G. , Gallant, J.L. , 2013. Attention during natural vision
warps semantic representation across the human brain. Nat. Neurosci. 16, 763–770 . 

ayan, E. , Barliya, A. , De Gelder, B. , Hendler, T. , Malach, R. , Flash, T. , 2018. Motion cues
modulate responses to emotion in movies. Sci. Rep. 8, 10881 . 

e Heer, W.A. , Huth, A.G. , Griffits, T.L. , Gallant, J.L. , Theunissen, F.E. , 2017. The hierar-
chical cortical organization of human speech processing. J. Neurosci. 37, 6539–6557 .

ecety, J. , Chaminade, T. , 2003. Neural correlates of feeling sympathy. Neuropsychologia
41, 127–138 . 

ehghani, M. , Boghrati, R. , Man, K. , Hoover, J. , Gimbel, S.I. , Vaswani, A. , Zevin, J.D. ,
Immordino-Yang, M.H. , Gordon, A.S. , Damasio, A. , Kaplan, T. , 2017. Decoding the
neural representation of story meanings across languages. Hum. Brain Mapp. 38,
6096–6106 . 

ennis, T.A. , Solomon, B. , 2010. Frontal EEG and emotion regulation: electrocortical ac-
tiivty in response to emotional film clips is associated with reduced mood induction
and attention interference effects. Biol. Psychol. 85, 456–464 . 

impfel, W. , Wdekind, W. , Keplinger, I. , 2003. Gender difference in electrical brain ac-
tivity during presentation of various film excerpts with different emotional content.
Eur. J. Med. Res. 8, 192–198 . 

mochowski, J.P. , Sajda, P. , Dias, J. , Parra, L.C. , 2012. Correlated components of ongoing
EEG point to emotionally laden attention - a possible marker of engagement? Front.
Hum. Neurosci. 6, 112 . 

ougherty, D.D. , Shin, L.M. , Alpert, N.M. , Pitman, R.K. , Orr, S.P. , Lasko, M. , Macklin, M.L. ,
Fischman, A.J. , Rauch, S.L. , 1999. Anger in healthy men: a PET study using script–
driven imagery. Biol. Psychiatry 46, 466–472 . 

ich, E. , Nelson, A.L. , Leghari, M.A. , Handy, T.C. , 2009. Neural systems mediating field
and observer memories. Neuropsychologia 47, 2239–2251 . 

merson, R.W. , Short, S.J. , Lin, W. , Gilmore, J.H. , Gao, W. , 2015. Network-level connec-
tivity dynamics of movie watching in 6-year-old children. Front. Hum. Neurosci. 9,
631 . 

zzyat, Y. , Davachi, L. , 2011. What constitutes an episode in episodic memory? Psychol.
Sci. 22, 243–252 . 

arbood, M.M. , Heeger, D.J. , Marcus, G. , Hasson, U. , Lerner, Y. , 2015. The neural pro-
cessing of hierarchical structure in music and speech at different timescales. Front.
Neurosci. 9, 157 . 

urman, O. , Mendelsohn, A. , Dudai, Y. , 2012. The episodic engram transformed: time
reduces retrieval-related brain activity but correlates it with memory accuracy. Learn.
Mem. 19, 575–587 . 

aebler, M. , Biessmann, F. , Lamke, J.P. , Müller, K.R. , Walter, H. , Hetzer, S. , 2014. Stereo-
scopic depth increases intersubject correlations of brain networks. Neuroimage 100,
427–434 . 

astaut, H.J. , Bert, J. , 1954. EEG changes during cinematographic presentation; moving
picture activation of the EEG. Electroencephalogr. Clin. Neurophysiol. 6, 433–444 . 

http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0001
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0001
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0001
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0001
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0001
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0001
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0001
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0001
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0002
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0002
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0002
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0002
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0002
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0003
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0003
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0003
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0003
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0003
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0003
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0003
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0003
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0003
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0003
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0003
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0004
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0004
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0004
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0004
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0004
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0004
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0004
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0005
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0005
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0005
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0005
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0005
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0005
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0006
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0006
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0006
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0006
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0006
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0006
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0006
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0006
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0006
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0006
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0006
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0006
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0007
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0007
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0007
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0007
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0007
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0007
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0008
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0008
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0009
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0009
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0009
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0009
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0009
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0009
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0009
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0009
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0010
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0010
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0010
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0010
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0010
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0010
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0011
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0011
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0011
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0011
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0012
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0012
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0012
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0012
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0012
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0012
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0012
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0013
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0013
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0013
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0013
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0014
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0014
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0015
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0015
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0015
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0016
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0016
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0016
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0016
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0017
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0017
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0017
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0018
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0018
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0018
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0018
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0019
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0019
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0019
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0020
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0020
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0020
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0020
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0021
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0021
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0021
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0021
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0021
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0021
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0021
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0021
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0022
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0022
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0022
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0022
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0023
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0023
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0023
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0023
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0023
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0024
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0024
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0024
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0024
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0024
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0024
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0024
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0024
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0024
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0024
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0025
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0025
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0025
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0025
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0025
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0025
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0025
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0025
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0026
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0026
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0026
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0026
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0026
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0026
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0026
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0026
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0026
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0026
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0026
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0026
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0027
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0027
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0027
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0027
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0027
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0027
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0027
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0027
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0027
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0027
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0027
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0027
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0027
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0027
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0028
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0028
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0028
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0028
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0028
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0028
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0029
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0029
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0029
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0029
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0029
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0029
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0030
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0030
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0030
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0030
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0030
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0030
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0031
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0031
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0031
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0031
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0031
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0032
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0032
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0032
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0032
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0033
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0033
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0033
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0033
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0033
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0033
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0033
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0033
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0033
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0034
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0034
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0034
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0034
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0034
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0034
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0034
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0035
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0035
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0035
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0035
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0035
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0035
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0035
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0036
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0036
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0036
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0036
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0036
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0037
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0037
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0037
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0037
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0038
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0038
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0038
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0038
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0039
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0039
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0039
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0040
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0040
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0040
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0040
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0041
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0041
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0041
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0042
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0042
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0042
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0042
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0043
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0043
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0043
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0043
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0043
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0043
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0044
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0044
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0044
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0044
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0044
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0045
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0045
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0045
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0045
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0045
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0045
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0045
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0046
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0046
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0046
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0046
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0046
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0046
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0047
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0047
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0047
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0048
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0048
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0048
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0048
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0048
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0048
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0048
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0048
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0048
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0048
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0048
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0048
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0049
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0049
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0049
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0050
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0050
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0050
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0050
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0051
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0051
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0051
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0051
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0051
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0052
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0052
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0052
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0052
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0052
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0052
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0052
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0052
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0052
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0052
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0053
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0053
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0053
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0053
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0053
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0054
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0054
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0054
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0054
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0054
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0054
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0055
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0055
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0055
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0056
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0056
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0056
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0056
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0056
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0056
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0057
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0057
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0057
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0057
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0058
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0058
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0058
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0058
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0058
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0058
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0058
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0059
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0059
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0059


I.P. Jääskeläinen, M. Sams, E. Glerean et al. NeuroImage 224 (2021) 117445 

G  

 

 

G  

 

G  

 

G  

 

G  

 

G  

 

G  

 

G  

 

 

G  

 

G  

H  

H  

H  

 

H  

 

H  

H  

 

H  

H  

H  

H  

H  

 

H  

 

H  

 

H  

 

H  

 

H  

 

H  

 

 

H  

 

H  

 

 

I  

 

 

I  

J  

 

J  

 

J  

 

J  

 

J  

 

J  

 

J  

J  

 

J  

 

 

J  

 

K  

 

 

K  

 

 

K  

 

K  

 

K  

 

K  

 

K  

 

 

K  

 

K  

 

K  

 

K  

K  

 

 

K  

K  

 

K  

 

 

K  

 

K  

 

az, G. , Winetraub, Y. , Jacob, Y. , Kinreich, S. , Maron-Katz, A. , Shaham, G. , Podlipsky, I. ,
Gilam, G. , Soreq, E. , Hendler, T. , 2012. Portraying emotions at their unfolding: a
multilayered approach for probing dynamics of neural networks. Neuroimage 60,
1448–1461 . 

elbard-Sagiv, H. , Mukamel, R. , Harel, M. , Malach, R. , Fried, I. , 2008. Internally generated
reactivation of single neurons in human hippocampus during free recall. Science 322,
96–101 . 

ilbert, D.G. , Robinson, J.H. , Chamberlin, C.L. , Spielberger, C.D. , 1989. Effects of smok-
ing/nicotine on anxiety, heart rate, and lateralization of EEG during a stressful movie.
Psychophysiology 26, 311–320 . 

ilead, M. , Liberman, N. , Maril, A. , 2014. "I remember thinking …": neural activity associ-
ated with subsequent memory for stimulus-evoked internal mentations. Soc. Neurosci.
9, 387–399 . 

olland, Y. , Levit-Binnun, N. , Hendler, T. , Lerner, Y. , 2017. Neural dynamics underly-
ing emotional transmissions between individuals. Soc. Cogn. Affect. Neurosci. 12,
1249–1260 . 

ordon, A. , Brooks, J.C.W. , Quadflieg, S. , Ecker, U.K.H. , Lewandowsky, S. , 2017. Ex-
ploring the neural substrates of misinformation processing. Neuropsychologia 106,
216–224 . 

reenberg, T. , Carlson, J.M. , Rubin, D. , Cha, J. , Mujica-Parodi, L. , 2015. Anticipation of
high arousal aversive and positive movie clips engages common and distinct neural
substrates. Soc. Cogn. Affect. Neurosci 10, 605–611 . 

rossman, M. , Eslinger, P.J. , Troiani, V. , Anderson, C. , Avants, B. , Gee, J.C. , McMillan, C. ,
Massimo, L. , Khan, A. , Antani, S. , 2010. The role of ventral medial prefrontal cortex
in social decisions: converging evidence from fMRI and frontotemporal lobar degen-
eration. Neuropsychologia 48, 3505–3512 . 

uclu, U. , van Gerven, M.A.J. , 2017. Increasingly complex representations of natu-
ral movies across the dorsal stream are shared between subjects. Neuroimage 145,
329–336 . 

vozdanovic, G.A. , Stämpfli, P. , Seifritz, E. , Rasch, B. , 2017. Neural correlates of experi-
mental trauma memory retrieval. Hum. Brain Mapp. 38, 3592–3602 . 

amilton, A.F. , Grafton, S.T. , 2006. Goal representation in human anterior intraparietal
sulcus. J. Neurosci. 26, 1133–1137 . 

an, S. , Jiang, Y. , Humphreys, G.W. , Zhou, T. , Cai, P. , 2005. Distinct neural substrates for
the perception of real and virtual visual worlds. Neuroimage 24, 928–935 . 

anke, M. , Baumgartner, F.J. , Ibe, P. , Kaule, F.R. , Pollmann, S. , Speck, O. , Zinke, W. ,
Stadler, J. , 2014. A high-resolution 7-Tesla fMRI dataset from complex natural stim-
ulation with an audio movie. Sci. Data 1, 40003 . 

artung, F. , Hagoort, P. , Willems, R.M. , 2017. Readers select a comprehension mode in-
dependent of pronoun: evidence from fMRI during narrative comprehension. Brain
Lang. 170, 29–38 . 

asson, U. , Chen, J. , Honey, C.J. , 2015. Hierarchical process memory: memory as an
integral component of information processing. Trends Cogn. Sci. 19, 304–313 . 

asson, U. , Furman, O. , Clark, D. , Dudai, Y. , Davachi, L. , 2008a. Enhanced intersubject
correlations during movie viewing correlate with successful episodic encoding. Neu-
ron 57, 452–462 . 

asson, U. , Nir, Y. , Levy, I. , Fuhrmann, G. , Malach, R. , 2004. Intersubject synchronization
of cortical activity during natural vision. Science 303, 1634–1640 . 

asson, U. , Yang, E. , Vallines, I. , Heeger, D.J. , Rubin, N. , 2008b. A hierarchy of temporal
receptive windows in human cortex. J. Neurosci. 28, 2539–2550 . 

ickok, G. , Poeppel, D. , 2007. The cortical organization of speech processing. Nat. Rev.
Neurosci. 8, 393–402 . 

imberger, K.D. , Chien, H.Y. , Honey, C.J. , 2018. Principles of temporal processing across
the cortical hierarchy. Neuroscience 389, 161–174 . 

imichi, T. , Fujita, H. , Nomura, M. , 2015. Negative emotions impact lateral prefrontal
cortex activation during theory of mind: an fNIRS study. Soc. Neurosci. 10, 605–615 .

oney, C.J. , Thesen, T. , Donner, T.H. , Silbert, L.J. , Carlson, C.E. , Devinsky, O. ,
Doyle, W.K. , Rubin, N. , Heeger, D.J. , Hasson, U. , 2012. Slow cortical dynamics and
the accumulation of information over long timescales. Neuron 76, 423–434 . 

orowitz-Kraus, T. , Vannest, J.J. , Holland, S.K. , 2013. Overlapping neural circuitry for
narrative comprehension and proficient reading in children and adolescents. Neu-
ropsychologia 51, 2651–2662 . 

su, C.T. , Conrad, M. , Jacobs, A.M. , 2014. Fiction feelings in Harry Potter: haemodynamic
response in the mid-cingulate cortex correlates with immersive reading experience.
Neuroreport 25, 1356–1361 . 

u, X. , Guo, L. , Han, J. , Liu, T. , 2017. Decoding power-spectral profiles from FMRI brain
activities during naturalistic auditory experience. Brain Imaging Behav. 11, 253–263 .

uth, A.G. , de Heer, W.A. , Griffits, T.L. , Theunissen, F.E. , Gallant, J.L. , 2016. Natu-
ral speech reveals the semantic maps that tile human cerebral cortex. Nature 532,
453–458 . 

utton, J.S. , Dudley, J. , Horowitz-Kraus, T. , DeWitt, T. , Holland, S.K. , 2018. Differences
in functional brain network connectivity during stories presented in audio, illustrated,
and animated format in preschool-age children. Brain Imaging Behav. e-publication
before print . 

utton, J.S. , Horowitz-Kraus, T. , Mendelsohn, A.L. , DeWitt, T. , Holland, S.K. , Consor-
tium, C.-M.A. , 2015. Home reading environment and brain activation in preschool
children listening to stories. Pediatrics 136, 466–478 . 

utton, J.S. , Phelan, K. , Horowitz-Kraus, T. , Dudley, J. , Altaye, M. , DeWitt, T. , Hol-
land, S.K. , 2017. Story time turbocharger? Child engagement during shared reading
and cerebellar activation and connectivity in preschool-age children listening to sto-
ries. PLoS One 12, e0177398 . 

acoboni, M. , Lieberman, M.D. , Knowlton, B.J. , Molnar-Szakacs, I. , Moritz, M. ,
Throop, C.J. , Fiske, A.P. , 2004. Watching social interactions produces dorsomedial
prefrontal and medial parietal BOLD fMRI signal increases compared to a resting base-
line. Neuroimage 21, 1167–1173 . 
K  
idaka, T. , 2017. Humor appreciation involves parametric and synchronized activity in
the medial prefrontal cortex and hippocampus. Cereb. Cortex 27, 5579–5591 . 

aaskelainen, I.P. , Ahveninen, J. , Andermann, M.L. , Belliveau, J.W. , Raij, T. , Sams, M. ,
2011. Short-term plasticity as a neural mechanism supporting memory and attentional
functions. Brain Res. 1422, 66–81 . 

aaskelainen, I.P. , Halme, H.-.L. , Agam, Y. , Glerean, E. , Lahnakoski, J.M. , Sams, M. ,
Tapani, K. , Ahveninen, J. , Manoach, D.S. , 2016a. Neural mechanisms supporting eval-
uation of other’s errors in real-life like conditions. Sci. Rep. 6, 18714 . 

aaskelainen, I.P. , Klucharev, V. , Panidi, K. , Shestakova, A.N. , 2020. Neural processing
of narratives: from individual processing to viral propagation. Front. Hum. Neurosci.
14, 253 . 

aaskelainen, I.P. , Koskentalo, K. , Balk, M.H. , Autti, T. , Kauramäki, J. , Pomren, C. ,
Sams, M. , 2008. Inter-subject synchronization of prefrontal cortex hemodynamic ac-
tivity during natural viewing. Open Neuroimag J. 2, 14–19 . 

aaskelainen, I.P. , Pajula, J. , Tohka, J. , Lee, H.-.J. , Kuo, W.-.J. , Lin, F.-.H. , 2016b. Brain
hemodynamic activity during viewing and re-viewing of comedy movies explained by
experienced humor. Sci. Rep. 6, 27741 . 

acob, Y. , Gilam, G. , Lin, T. , Raz, G. , Hendler, T. , 2018. Anger modulates influence hi-
erarchies within and between emotional reactivity and regulation networks. Front.
Behav. Neurosci. 12, 60 . 

acoby, N. , Bruneau, E. , Koster-Hale, J. , Saxe, R. , 2016. Localizing pain matrix and theory
of mind networks with both verbal and non-verbal stimuli. Neuroimage 126, 39–48 . 

ang, C. , Knight, E.Q. , Pae, C. , Park, B. , Yoon, S.A. , Park, H.J. , 2017. Individuality mani-
fests in the dynamic reconfiguration of large-scale brain networks during movie view-
ing. Sci. Rep. 7, 41414 . 

iang, Y.L. , Tian, W. , Lu, G. , Rudd, J.A. , Lai, K.F. , Yeung, L.Y. , Wai, M.S. , Li, Y.Y. ,
Huang, M.L. , Yew, D.T. , 2014. Patterns of cortical activation following motor tasks
and psychological-inducing movie cues in heroin users: an fMRI study. Int. J. Psychi-
atry Med. 47, 25–40 . 

ones, N.A. , Fox, N.A. , 1992. Electroencephalogram asymmetry during emotionally evoca-
tive films and its relation to positive and negative affectivity. Brain Cogn. 20, 280–299 .

andylaki, K.D. , Henrich, K. , Nagels, A. , Kircher, T. , Domahs, U. , Schlesewsky, M. ,
Bornkessel-Schlesewsky, I. , Wiese, R. , 2017. Where is the beat? The neural correlates
of lexical stress and rhytmical well-formedness in auditory story comprehension. J.
Cogn. Neurosci. 29, 1119–1131 . 

andylaki, K.D. , Nagels, A. , Tune, S. , Kircher, T. , Wiese, R. , Schlesewsky, M. ,
Bornkessel-Schlesewsky, I. , 2016. Predicting "when" in discourse engages the hu-
man dorsal auditory stream: an fMRI study using naturalistic stories. J. Neurosci.
36, 12180–12191 . 

andylaki, K.D. , Nagels, A. , Tune, S. , Wiese, R. , Bornkessel-Schlesewsky, I. , Kircher, T. ,
2015. Processing of false belief passages during natural story comprehension: an fMRI
study. Hum. Brain Mapp. 36, 4231–4246 . 

anske, P. , Böckler, A. , Trautwein, F.-.M. , Singer, T. , 2015. Dissecting the social brain:
introducing the EmpaToM to reveal distinct neural networks and brain–behavior re-
lations for empathy and theory of mind. Neuroimage 122, 6–19 . 

arama, S. , Armony, J. , Beauregard, M. , 2011. Film exceprts shown to specifically elicit
various affects lead to overlapping activation foci in a large set of symmetrical brain
regions in males. PLoS One 6, e22343 . 

arama, S. , Lecours, A.R. , Leroux, J.M. , Bourgouin, P. , Beaudoin, G. , Joubert, S. , Beau-
regard, M. , 2002. Areas of brain activation in males and females during viewing of
erotic film excerpts. Hum. Brain Mapp. 16, 1–13 . 

arjalainen, T. , Karlsson, H.K. , Lahnakoski, J.M. , Glerean, E. , Nuutila, P. , Jaaske-
lainen, I.P. , Hari, R. , Sams, M. , Nummenmaa, L. , 2017. Dissociable roles of cere-
bral 𝜇-opioid and type 2 dopamine receptors in vicarious pain: a combined PET-fMRI
study. Cereb. Cortex 27, 4257–4266 . 

arunanayaka, P.R. , Holland, S.K. , Schmithorst, V.J. , Solodkin, A. , Chen, E.E. ,
Szaflarski, J.P. , Plante, E. , 2007. Age-related connectivity changes in fMRI data from
children listening to stories. Neuroimage 34, 349–360 . 

auppi, J.P. , Jaaskelainen, I.P. , Sams, M. , Tohka, J. , 2010. Inter-subject correlation of
brain hemodynamic responses during watching a movie: localization in space and
frequency. Front. Neuroinform. 4, 5 . 

auttonen, J. , Hlushchuk, Y. , Jaaskelainen, I.P. , Tikka, P. , 2018. Brain mechanisms un-
derlying cue-based memorizing during free viewing of movie Memento. Neuroimage
172, 313–325 . 

i, J.J. , Kelly, S.P. , Parra, L.C. , 2016. Attention strongly modulates reliability of neural
responses to naturalistic narrative stimuli. J. Neurosci. 36, 3092–3101 . 

omulainen, E. , Glerean, E. , Meskanen, K. , Heikkilä, R. , Nummenmaa, L. , Raij, T.T. ,
Lahti, J. , Jylhä, P. , Melartin, T. , Isometsä, E. , Ekelund, J. , 2017. Single dose of mir-
tazapine modulates whole-brain functional connectivity during emotional narrative
processing. Psychiatry Res. Neuroimaging 30, 61–69 . 

ragel, P.A. , LaBar, K.S. , 2015. Multivariate neural biomarkers of emotional states are
categorically distinct. Soc. Cogn. Affect. Neurosci. 10, 1437–1448 . 

rause, A.L. , Colic, L. , Borchardt, V. , Li, M. , Strauss, B. , Buchheim, A. , Wildgruber, D. ,
Fonagy, P. , Nolte, T. , Walter, M. , 2018. Functional connectivity changes following
interpersonal reactivity. Hum. Brain Mapp. 39, 866–879 . 

rause, C.M. , Vieremö, V. , Rosenqvist, A. , Sillanmäki, L. , Aström, T. , 2000. Relative elec-
troencephalographic desynchronization and synchronization in humans to emotional
film content: an analysis of the 4-6, 6-8, 8-10 and 10-12Hz frequency bands. Neurosci.
Lett. 286, 9–12 . 

wok, S.C. , Macaluso, E. , 2015a. Exogenous features versus prior experiences modulate
different subregions of the right IPL during episodic memory retrieval. Sci. Rep. 5,
11248 . 

wok, S.C. , Macaluso, E. , 2015b. Immediate memory for "when, where and what":
short-delay retrieval using dynamic naturalistic material. Hum. Brain Mapp. 36,
2495–2513 . 

wok, S.C. , Shallice, T. , Macaluso, E. , 2012. Functional anatomy of temporal organi-

http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0060
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0060
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0060
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0060
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0060
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0060
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0060
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0060
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0060
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0060
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0060
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0061
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0061
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0061
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0061
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0061
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0061
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0062
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0062
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0062
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0062
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0062
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0063
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0063
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0063
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0063
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0064
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0064
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0064
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0064
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0064
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0065
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0065
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0065
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0065
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0065
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0065
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0066
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0066
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0066
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0066
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0066
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0066
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0067
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0067
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0067
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0067
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0067
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0067
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0067
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0067
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0067
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0067
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0067
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0068
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0068
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0068
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0069
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0069
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0069
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0069
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0069
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0070
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0070
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0070
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0071
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0071
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0071
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0071
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0071
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0071
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0072
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0072
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0072
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0072
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0072
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0072
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0072
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0072
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0072
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0073
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0073
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0073
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0073
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0074
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0074
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0074
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0074
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0075
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0075
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0075
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0075
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0075
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0075
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0076
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0076
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0076
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0076
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0076
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0076
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0077
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0077
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0077
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0077
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0077
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0077
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0078
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0078
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0078
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0079
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0079
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0079
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0079
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0080
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0080
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0080
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0080
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0081
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0081
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0081
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0081
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0081
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0081
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0081
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0081
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0081
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0081
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0081
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0082
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0082
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0082
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0082
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0083
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0083
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0083
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0083
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0084
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0084
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0084
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0084
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0084
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0085
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0085
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0085
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0085
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0085
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0085
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0086
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0086
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0086
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0086
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0086
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0086
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0087
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0087
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0087
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0087
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0087
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0087
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0087
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0088
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0088
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0088
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0088
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0088
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0088
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0088
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0088
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0089
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0089
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0089
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0089
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0089
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0089
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0089
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0089
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0090
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0090
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0091
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0091
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0091
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0091
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0091
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0091
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0091
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0092
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0092
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0092
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0092
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0092
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0092
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0092
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0092
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0092
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0092
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0093
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0093
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0093
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0093
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0093
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0094
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0094
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0094
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0094
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0094
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0094
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0094
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0094
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0095
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0095
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0095
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0095
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0095
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0095
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0095
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0096
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0096
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0096
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0096
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0096
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0096
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0097
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0097
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0097
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0097
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0097
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0098
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0098
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0098
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0098
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0098
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0098
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0098
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0099
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0099
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0099
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0099
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0099
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0099
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0099
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0099
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0099
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0099
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0099
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0100
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0100
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0100
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0101
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0101
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0101
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0101
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0101
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0101
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0101
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0101
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0101
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0102
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0102
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0102
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0102
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0102
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0102
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0102
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0102
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0103
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0103
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0103
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0103
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0103
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0103
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0103
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0104
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0104
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0104
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0104
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0104
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0105
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0105
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0105
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0105
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0106
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0106
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0106
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0106
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0106
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0106
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0106
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0106
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0107
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0107
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0107
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0107
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0107
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0107
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0107
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0107
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0107
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0107
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0108
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0108
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0108
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0108
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0108
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0108
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0108
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0108
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0109
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0109
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0109
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0109
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0109
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0110
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0110
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0110
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0110
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0110
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0111
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0111
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0111
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0111
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0112
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0112
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0112
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0112
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0112
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0112
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0112
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0112
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0112
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0112
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0112
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0112
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0113
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0113
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0113
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0114
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0114
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0114
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0114
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0114
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0114
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0114
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0114
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0114
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0114
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0114
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0115
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0115
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0115
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0115
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0115
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0115
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0116
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0116
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0116
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0117
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0117
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0117
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0118
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0118
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0118
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0118


I.P. Jääskeläinen, M. Sams, E. Glerean et al. NeuroImage 224 (2021) 117445 

 

L  

 

L  

 

L  

 

L  

 

L  

 

L  

 

L  

 

L  

 

 

L  

L  

L  

 

L  

L  

 

L  

 

L  

 

L  

 

M  

M  

M  

 

M  

 

M  

 

M  

M  

 

M  

 

 

 

M  

 

M  

 

M  

 

M  

M  

M  

 

N  

 

N  

 

N  

 

N  

 

N  

N  

 

N  

N  

N  

N  

N  

 

N  

 

N  

 

O  

 

O  

 

Ö  

P  

P  

P  

 

 

P  

 

P  

 

P  

 

Q  

 

R  

 

R  

 

R  

 

 

R  

 

R  

R  

 

R  

R  

 

sation and domain-specificity of episodic memory retrieval. Neuropsychologia 50,
2943–2955 . 

ahnakoski, J.M. , Glerean, E. , Jaaskelainen, I.P. , Hyönä, J. , Hari, R. , Sams, M. , Num-
menmaa, A. , 2014. Synchronous brain activity across individuals underlies shared
psychological perspectives. Neuroimage 100, 316–324 . 

ahnakoski, J.M. , Glerean, E. , Salmi, J. , Jaaskelainen, I.P. , Sams, M. , Hari, R. , Nummen-
maa, L. , 2012. Naturalistic fMRI mapping reveals superior temporal sulcus as the hub
for distributed brain network for social perception. Front. Hum. Neurosci. 6, 233 . 

ahnakoski, J.M. , Jaaskelainen, I.P. , Sams, M. , Nummenmaa, L. , 2017. Neural mechanisms
for integrating consecutive and interleaved natural events. Hum. Brain Mapp. 38,
3360–3376 . 

ane, R.D. , Reiman, E.M. , Ahern, G.L. , Schwartz, G.E. , Davidson, R.J. , 1997. Neu-
roanatomical correlates of happiness, sadness, and disgust. Am. J. Psychiatry 154,
926–933 . 

echevalier, B. , Petit, M.C. , Eustache, F. , Lambert, J. , Chapon, F. , Viader, F. , 1989. Re-
gional cerebral blood flow during comprehension and speech (in cerebrally healhty
subjects). Brain Lang. 37, 1–11 . 

ehn, H. , Steffenach, H.A. , van Strien, N.M. , Veltman, D.J. , Witter, M.P. , Håberg, A.K. ,
2009. A specific role of the human hippocampus in recall of temporal sequences. J.
Neurosci. 29, 3475–3484 . 

ehne, M. , Engel, P. , Rohrmeier, M. , Menninghaus, W. , Jacobs, A.M. , Koelsch, S. , 2015.
Reading a suspenseful literary text activates brain areas related to social cognition
and predictive inference. PLoS One 10, e0124550 . 

eon-Carrion, J. , Damas, J. , Izzetoglu, K. , Pourrezai, K. , Martin-Rodriguez, J.F. , Barroso y
Martin, J.M. , Dominguez-Morales, M.R. , 2006. Differential time course and intensity
of PFC activation for men and women in response to emotional stimuli: a functional
near-infrared spectroscopy (fNIRS) study. Neurosci. Lett. 403, 90–95 . 

erner, Y. , Honey, C.J. , Katkov, M. , Hasson, U. , 2014. Temporal scaling of neural responses
to compressed and dilated natural speech. J. Neurophysiol. 111, 2433–2444 . 

erner, Y. , Honey, C.J. , Silbert, L.J. , Hasson, U. , 2011. Topographic mapping of a hierarchy
of temporal receptive windows using a narrated story. J. Neurosci. 31, 2906–2915 . 

evesque, J. , Joanette, Y. , Mensour, B. , Beaudoin, G. , Leroux, J.M. , Bourgouin, P. , Beure-
gard, M. , 2003. Neural correlates of sad feelings in healthy girls. Neuroscience 121,
545–551 . 

iberman, A.M. , Cooper, F.S. , Shankweiler, D.P. , Studdert-Kennedy, M. , 1967. Perception
of the speech code. Psychol. Rev. 74, 431–461 . 

in, F.-.H. , Liu, Y.-.F. , Lee, H.-.J. , Chang, C.H.C. , Jaaskelainen, I.P. , Yeh, J.-.N. , Kuo, W.-.J. ,
2019. Differential brain mechanisms during reading human vs. machine translated
fiction and news texts. Sci. Rep. 9, 13251 . 

ositsky, O. , Chen, J. , Toker, D. , Honey, C.J. , Shvartsman, M. , Poppenk, J.K. , Hasson, U. ,
Norman, K.A. , 2016. Neural pattern change during encoding of a narrative predicts
retrospective duration estimates. Elife 5, e16070 . 

oughead, J.W. , Luborsky, L. , Weingarten, C.P. , Krause, E.D. , German, R.E. , Kirk, D. ,
Gur, R.C. , 2010. Brain activation during autobiographical relationship episode narra-
tives: a core conflictual relationship theme approach. Psychother. Res. 20, 321–336 . 

u, K.H. , Hung, S.C. , Wen, H. , Marussich, L. , Liu, Z. , 2016. Influences of high-level features,
gaze, and scene transitions on the reliability of BOLD responses to natural movie
stimuli. PLoS One 11, e0161797 . 

agliano, J.P. , Zacks, J.M. , 2011. The impact of continuity editing in narrative film on
event segmentation. Cogn. Sci. 35, 1489–1517 . 

aguire, E. , 2012. Studying the freely-behaving brain with fMRI. Neuroimage 62,
1170–1176 . 

anfredi, M. , Cohn, N. , Kutas, M. , 2017. When a hit sounds like a kiss: an electrophysio-
logical exploration of semantic processing in visual narrative. Brain Lang. 169, 28–38 .

ano, Y. , Harada, T. , Sugiura, M. , Saito, D.N. , Sadato, N. , 2009. Perspective-taking as part
of narrative comprehension: a functional MRI study. Neuropsychologia 47, 813–824 .

arussich, L. , Lu, K.H. , Wen, H. , Liu, Z. , 2017. Mapping white-matter functional organi-
zation at rest and during naturalistic visual perception. Neuroimage 146, 1128–1141 .

ason, R.A. , Just, M.A. , 2011. Differentiable cortical networks for inferences concerning
people’s intentions versus physical causality. Hum. Brain Mapp. 32, 313–329 . 

atsukawa, K. , Endo, K. , Asahara, R. , Yoshikawa, M. , Kusunoki, S. , Ishida, T. , 2017. Pre-
frontal oxygenation correlates to the responses in facial skin blood flows during ex-
posure to pleasantly charged movie. Physiol. Rep. 5, e13488 . 

atsunaga, M. , Isowa, T. , Kimura, K. , Miyakoshi, M. , Kanayama, N. , Murakami, H. ,
Sato, S. , Konagaya, T. , Nogimori, T. , Fukuyama, S. , Shinoda, J. , Yamada, J. , Ohira, H. ,
2008. Associations among central nervous, endocrine, and immune activities when
positive emotions are elicited by looking at a favorite person. Brain Behav. Immun.
22, 408–417 . 

endelsohn, A. , Furman, O. , Dudai, Y. , 2010. Signatures of memory: brain coactivations
during retrieval distinguish correct from incorrect recollection. Front. Behav. Neu-
rosci. 4, 18 . 

etz-Lutz, M.N. , Bressan, Y. , Heider, N. , Otzenberger, H. , 2010. What physiological
changes and cerebral traces tell us about adhesion to fiction during theater-watch-
ing? Front. Hum. Neurosci. 19, 59 . 

ilivojevic, B. , Varadinov, M. , Vicente Grabovetsky, A. , Collin, S.H. , Doeller, C.F. , 2016.
Coding of event nodes and narrative context in the hippocampus. J. Neurosci. 36,
12412–12424 . 

ilivojevic, B. , Vicente Grabovetsky, A. , Doeller, C.F. , 2015. Insight reconfigures hip-
pocampal-prefrontal memories. Curr. Biol. 25, 821–830 . 

oran, J.M. , Wig, G.S. , Adams Jr, R.B. , Janata, P. , Kelley, W.M. , 2004. Neural correlates
of humor detection and appreciation. Neuroimage 21, 1055–1060 . 

ueller, C. , Luehrs, M. , Baecke, S. , Adolf, D. , Luetzkendorf, R. , Luchtmann, M. , Bernard-
ing, J. , 2012. Building virtual reality fMRI paradigms: a framework for presenting
immersive virtual environments. J. Neurosci. Methods 209, 290–298 . 

aci, L. , Cusack, R. , Anello, M. , Owen, A.M. , 2014. A common neural code for simi-
lar conscious experiences in different individuals. Proc. Natl. Acad. Sci. USA 111,
14277–14282 . 

aughtin, C.K. , Horne, K. , Schneider, D. , Venini, D. , York, A. , Dux, P.E. , 2017. Do im-
plicit and explicit belief processing share neural substrates? Hum. Brain Mapp. 38,
4760–4772 . 

ewman, A.J. , Supalla, T. , Hauser, P.C. , Newport, E.L. , Bavelier, D. , 2010. Prosodic and
narrative processing in American sign language: an fMRI study. Neuroimage 52,
669–676 . 

ewman-Norlund, R. , van Schie, H.T. , van Hoek, M.E. , Cuijpers, R.H. , Bekkering, H. , 2010.
The role of inferior frontal and parietal areas in differentiating meaningful and mean-
ingless object-directed actions. Brain Res. 1315, 63–74 . 

guyen, M. , Vanderwal, T. , Hasson, U. , 2019. Shared understanding of narratives is cor-
related with shared neural responses. Neuroimage 184, 161–170 . 

guyen, V.T. , Sonkusare, S. , Stadler, J. , Hu, X. , Breakspear, M. , Guo, C.C. , 2017. Dis-
tinct cerebellar contributions to cognitive-perceptual dynamics during natural view-
ing. Cereb. Cortex 27, 5652–5662 . 

ijhof, A.D. , Willems, R.M. , 2015. Simulating fiction: individual differences in literature
comprehension revealed with FMRI. PLoS One 10, e01116492 . 

ishida, S. , Nishimoto, S. , 2018. Decoding naturalistic experiences from human brain
activity via distributed representations of words. Neuroimage 180, 232–242 . 

ishimoto, S. , Huth, A.G. , Bilenko, N.Y. , Gallant, J.L. , 2017. Eye movement-invariant rep-
resentations in the human visual system. J. Vis. 17, 11 . 

itschke, J.B. , Heller, W. , Etienne, M.A. , Miller, G.A. , 2004. Prefrontal cortex activity
differentiates processes affecting memory in depression. Biol. Psychol. 67, 125–143 . 

ummenmaa, L. , Glerean, E. , Viinikainen, M. , Jaaskelainen, I.P. , Hari, R. , Sams, M. , 2012.
Emotions promote social interaction by synchronizing brain activity across individu-
als. Proc. Natl. Acad. Sci. USA 109, 9599–9604 . 

ummenmaa, L. , Saarimäki, H. , Glerean, E. , Gotsopoulos, A. , Jaaskelainen, I.P. , Hari, R. ,
Sams, M. , 2014a. Emotional speech synchronizes brains across listeners and engages
large-scale dynamic brain networks. Neuroimage 102, 498–509 . 

ummenmaa, L. , Smirnov, D. , Lahnakoski, J.M. , Glerean, E. , Jaaskelainen, I.P. , Sams, M. ,
Hari, R. , 2014b. Mental action simulation synchronizes action-observation circuits
across individuals. J. Neurosci. 34, 748–757 . 

gawa, A. , Bordier, C. , Macaluso, E. , 2013. Audio-visual perception of 3D cinematogra-
phy: an fMRI study using condition-based and computation-based analyses. PLoS One
8, e76003 . 

ren, N. , Shapira-Lichter, I. , Lerner, Y. , Tarrasch, R. , Hendler, T. , Giladi, N. , Ash, E.L. ,
2016. How attention modulates encoding of dynamic stimuli. Front. Hum. Neurosci.
10, 507 . 

zerdem, M.S. , Polat, H. , 2017. Emotion recognition based on EEG features in movie clips
with channel selection. Brain Inform. 4, 241–252 . 

ajula, J. , Kauppi, J.P. , Tohka, J. , 2012. Inter-subject correlation in fMRI: method valida-
tion against stimulus-model based analysis. PLoS One 8, e41196 . 

arada, M. , Gerard, M. , Larcher, K. , Dagher, A. , Binik, Y.M. , 2016. Neural representations
of subjective sexual arousal in men and women. J. Sex Med. 13, 1508–1522 . 

arada, M. , Gerard, M. , Larcher, K. , Dagher, A. , Binik, Y.M. , 2018. How hot are they?
Neural correlates of genital arousal: an infrared thermographic and functional mag-
netic resonance imaging study of sexual arousal in men and women. J. Sex Med. 15,
217–229 . 

ichon, S. , Miendlarzewska, E.A. , Eryilmaz, H. , Vuilleumier, P. , 2015. Cumulative activa-
tion during positive and negative events and state anxiety predicts subsequent inertia
of amygdala reactivity. Soc. Cogn. Affect. Neurosci. 10, 180–190 . 

itcher, D. , Japee, S. , Rauth, L. , Ungerleider, L.G. , 2017. The superior temporal sulcus
is causally connected to the amygdala: a combined TBS-fMRI study. J. Neurosci. 37,
1156–1161 . 

ujol, J. , Blanco-Hinojo, L. , Coronas, R. , Esteba-Castillo, S. , Rigla, M. , Mar-
tinez-Vilavella, G. , Deus, J. , Novell, R. , Caixas, A. , 2018. Mapping the sequence of
brain events in response to disgusting food. Hum. Brain Mapp. 39, 369–380 . 

uirin, M. , Meyer, F. , Heise, N. , Kuhl, J. , Kustermann, E. , Struber, D. , Cacioppo, J.T. , 2013.
Neural correlates of social motivation: an fMRI study on power versus affiliation. Int.
J. Psychophysiol. 88, 289–295 . 

amsey, R. , Hamilton, A.F. , 2012. How does your own knowledge influence the percep-
tion of another person’s action in the human brain. Soc. Cogn. Affect. Neurosci. 7,
242–251 . 

az, G. , Shpigelman, L. , Jacob, Y. , Gonen, T. , Benjamini, Y. , Hendler, T. , 2016. Psy-
chophysiological whole-brain network clustering based on connectivity dynamics
analysis in naturalistic conditions. Hum. Brain Mapp. 37, 4654–4672 . 

az, G. , Winetraub, Y. , Jacob, Y. , Kinreich, S. , Maron-Katz, A. , Shaham, G. , Podlipsky, I. ,
Gilam, G. , Soreq, E. , Hendler, T. , 2012. Portraying emotions at their unfolding: a
multilayered approach for probing dynamics of neural networks. Neuroimage 60,
1448–1461 . 

edoute, J. , Stoleru, S. , Gregoire, M.C. , Costes, N. , Cinotti, L. , Lavenne, F. , Le Bars, D. ,
Forest, M.G. , Pujol, J.F. , 2000. Brain processing of visual sexual stimuli in human
males. Hum. Brain Mapp. 11, 162–177 . 

egev, M. , Honey, C.J. , Simony, E. , Hasson, U. , 2013. Selective and invariant neural re-
sponses to spoken and written narratives. J. Neurosci. 33, 15978–15988 . 

eiman, E.M. , Lane, R.D. , Ahern, G.L. , Scwartz, G.E. , Davidson, R.J. , Friston, K.J. ,
Yun, L.S. , Chen, K. , 1997. Neuroanatomical correlates of extrernally and internally
generated human emotion. Am. J. Psychiatry 154, 918–925 . 

einl, M. , Bartels, A. , 2014. Face processing regions are senstiive to distinct aspects of
temporal sequence in facial dynamics. Neuroimage 102, 407–415 . 

en, Y. , Nguyen, V.T. , Sonkusare, S. , Lv, J. , Pang, T. , Eickhoff, S.B. , Breakspear, M. ,
Guo, C.C. , 2018. Effective connectivity of the anterior hippocampus predicts recol-
lection confidence during natural memory retrieval. Nat. Commun. 9, 4875 . 

http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0118
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0119
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0119
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0119
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0119
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0119
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0119
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0119
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0119
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0120
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0120
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0120
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0120
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0120
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0120
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0120
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0120
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0121
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0121
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0121
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0121
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0121
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0122
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0122
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0122
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0122
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0122
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0122
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0123
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0123
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0123
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0123
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0123
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0123
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0123
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0124
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0124
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0124
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0124
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0124
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0124
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0124
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0125
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0125
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0125
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0125
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0125
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0125
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0125
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0126
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0126
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0126
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0126
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0126
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0126
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0126
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0126
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0127
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0127
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0127
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0127
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0127
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0128
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0128
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0128
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0128
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0128
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0129
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0129
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0129
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0129
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0129
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0129
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0129
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0129
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0130
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0130
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0130
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0130
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0130
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0131
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0131
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0131
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0131
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0131
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0131
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0131
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0131
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0132
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0132
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0132
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0132
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0132
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0132
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0132
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0132
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0132
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0133
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0133
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0133
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0133
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0133
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0133
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0133
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0133
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0134
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0134
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0134
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0134
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0134
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0134
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0135
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0135
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0135
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0136
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0136
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0137
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0137
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0137
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0137
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0138
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0138
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0138
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0138
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0138
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0138
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0139
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0139
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0139
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0139
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0139
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0140
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0140
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0140
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0141
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0141
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0141
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0141
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0141
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0141
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0141
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0142
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0142
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0142
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0142
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0142
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0142
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0142
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0142
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0142
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0142
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0142
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0142
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0142
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0142
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0143
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0143
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0143
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0143
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0144
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0144
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0144
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0144
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0144
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0145
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0145
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0145
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0145
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0145
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0145
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0146
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0146
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0146
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0146
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0147
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0147
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0147
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0147
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0147
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0147
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0148
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0148
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0148
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0148
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0148
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0148
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0148
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0148
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0149
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0149
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0149
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0149
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0149
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0149
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0150
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0150
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0150
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0150
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0150
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0150
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0150
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0151
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0151
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0151
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0151
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0151
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0151
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0152
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0152
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0152
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0152
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0152
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0152
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0153
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0153
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0153
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0153
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0154
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0154
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0154
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0154
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0154
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0154
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0154
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0155
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0155
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0155
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0156
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0156
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0156
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0157
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0157
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0157
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0157
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0157
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0158
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0158
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0158
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0158
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0158
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0159
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0159
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0159
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0159
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0159
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0159
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0159
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0160
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0160
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0160
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0160
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0160
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0160
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0160
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0160
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0161
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0161
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0161
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0161
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0161
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0161
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0161
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0161
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0162
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0162
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0162
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0162
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0163
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0163
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0163
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0163
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0163
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0163
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0163
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0163
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0164
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0164
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0164
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0165
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0165
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0165
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0165
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0166
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0166
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0166
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0166
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0166
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0166
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0167
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0167
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0167
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0167
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0167
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0167
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0168
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0168
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0168
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0168
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0168
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0169
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0169
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0169
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0169
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0169
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0170
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0170
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0170
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0170
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0170
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0170
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0170
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0170
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0170
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0170
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0171
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0171
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0171
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0171
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0171
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0171
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0171
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0171
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0172
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0172
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0172
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0173
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0173
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0173
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0173
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0173
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0173
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0173
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0174
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0174
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0174
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0174
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0174
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0174
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0174
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0174
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0174
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0174
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0174
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0175
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0175
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0175
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0175
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0175
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0175
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0175
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0175
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0175
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0175
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0176
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0176
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0176
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0176
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0176
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0177
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0177
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0177
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0177
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0177
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0177
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0177
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0177
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0177
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0178
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0178
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0178
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0179
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0179
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0179
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0179
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0179
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0179
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0179
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0179
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0179


I.P. Jääskeläinen, M. Sams, E. Glerean et al. NeuroImage 224 (2021) 117445 

R  

R  

 

R  

S  

 

S  

 

S  

 

S  

S  

S  

 

S  

S  

 

S  

S
S  

 

S  

S  

S  

S  

S  

 

 

S  

 

S  

 

S  

 

S  

 

 

S  

 

S  

 

S  

S  

 

 

S  

S  

S  

S  

 

S  

 

S  

 

S  

 

S  

 

T  

 

T  

 

T  

 

V  

 

v  

 

v  

 

v  

 

V  

 

V  

 

W  

 

W  

 

W  

 

W  

 

W  

W  

W  

 

W  

 

W  

 

 

W  

X  

 

Y  

 

Y  

 

Y  

Y  

Y  

Y  

 

Z  

 

Z  

 

Z  
ichardson, H. , Lisandrelli, G. , Riobueno-Naylor, A. , Saxe, R. , 2018. Development of the
social brain from age three to twelve years. Nat. Commun. 9, 1027 . 

isius, U.M. , Staniloju, A. , Piefke, M. , Maderwald, S. , Schulte, F.P. , Brand, M. , Markow-
itsch, H.J. , 2013. Retrieval, monitoring, and control processes: a 7 tesla FMRI ap-
proach to memory accuracy. Front. Behav. Neurosci. 7, 24 . 

oss, L.A. , Olson, I.R. , 2010. Social cognition and the anterior temporal lobes. Neuroimage
49, 3452–3462 . 

aalasti, S. , Alho, J. , Bar, M. , Glerean, E. , Honkela, T. , Kauppila, M. , Sams, M. , Jaaske-
lainen, I.P. , 2019. Inferior parietal lobule and early visual areas support elicitation of
individualized meanings during narrative listening. Brain Behav. 9, e01288 . 

aarimäki, H. , Ejtehadian, L.F. , Glerean, E. , Jaaskelainen, I.P. , Vuilleumier, P. , Sams, M. ,
Nummenmaa, L. , 2018. Distributed affective space represents multiple emotion cate-
gories across the brain. Soc. Affect. Cognit. Neurosci. 13, 471–482 . 

aarimäki, H. , Gotsopoulos, A. , Jaaskelainen, I.P. , Lampinen, J. , Vuilleumier, P. , Hari, R. ,
Sams, M. , Nummenmaa, L. , 2016. Discrete neural signatures of basic emotions. Cereb.
Cortex 26, 2563–2573 . 

abatinelli, D. , Lang, P.J. , Bradley, M.M. , Flaisch, T. , 2006. The neural basis of narrative
imagery: emotion and action. Prog. Brain Res. 156, 93–103 . 

aid Yekta, S. , Vohn, R. , Ellrich, J. , 2009. Cerebral activations resulting from virtual dental
treatment. Eur. J. Oral Sci. 117, 711–719 . 

almi, J. , Glerean, E. , Jaaskelainen, I.P. , Lahnakoski, J.M. , Kettunen, J. , Lampinen, J. ,
Tikka, P. , Sams, M. , 2014. Posterior parietal cortex activity reflects the significance
of others’ actions during natural viewing. Hum. Brain Mapp. 35, 4767–4776 . 

awahata, Y. , Komine, K. , Morita, T. , Hiruma, N. , 2013. Decoding humor experiences from
brain activity of people viewing comedy movies. PLoS One 8, e81009 . 

chlochtermeier, L.H. , Pehrs, C. , Bakels, J.H. , Jacobs, A.M. , Kappelhoff, H. , Kuchinke, L. ,
2017. Context matters: anterior and posterior cortical midline responses to sad movie
scenes. Brain Res. 1661, 24–36 . 

chmithorst, V.J. , Holland, S.K. , Plante, E. , 2007. Development of effective connectivity
for narrative comprehension in children. Neuroreport 18, 1411–1415 . 

hamay-Tsoory, S.G. , 2011. The neural bases for empathy. Neuroscientist 17, 18–24 . 
hi, J. , Wen, H. , Zhang, Y. , Han, K. , Liu, Z. , 2018. Deep recurrent neural network reveals

a hierarchy of process memory during dynamic natural vision. Hum. Brain Mapp. 39,
2269–2282 . 

hibata, H. , Inui, T. , Ogawa, K. , 2011. Understanding interpersonal action coordination:
an fMRI study. Exp. Brain Res. 211, 569–579 . 

hibata, H. , Suzuki, M. , Gyoba, J. , 2007. Cortical activity during the recognition of coop-
erative actions. Neuroreport 18, 697–701 . 

himada, S. , 2009. Modulation of motor area activity by the outcome for a player during
observation of a baseball game. PLoS One 4, e8034 . 

himamura, A.P. , Marian, D.E. , Haskins, A.L. , 2013. Neural correlates of emotional regu-
lation while viewing films. Brain Imaging Behav. 7, 77–84 . 

huang, L. , Jingling, T. , Xu, M. , Yang, J. , Qi, H. , Ming, D. , 2016. Improve the generaliza-
tion of emotional classifiers across time by using training samples from different days.
In: Conference Proceedings of the IEEE Engineering in Medicine and Biology Society,
pp. 841–844 . 

ilbert, L.J. , Honey, C.J. , Simony, E. , Poeppel, D. , Hasson, U. , 2014. Coupled neural sys-
tems underlie the production and comprehension of naturalistic narrative speech.
Proc. Natl. Acad. Sci. USA 111, E4687–E4696 . 

imony, E. , Honey, C.J. , Chen, J. , Lositsky, O. , Yeshurun, Y. , Wiesel, A. , Hasson, U. , 2016.
Dynamic reconfiguration of the default mode network during narrative comprehen-
sion. Nat. Commun. 7, 12141 . 

itnikova, T. , Holcomb, P.J. , Kiyonaga, K.A. , Kuperberg, G.R. , 2008. Two neurocognitive
mechanisms of semantic integration during the comprehension of visual real-world
events. J. Cogn. Neurosci. 20, 2037–2057 . 

mallwood, J. , Gorgolewski, K.J. , Golchert, J. , Ruby, F.J. , Engen, H. , Baird, B. , Vin-
ski, M.T. , Schooler, J.W. , Margulies, D.S. , 2013. The default modes of reading: modu-
lation of posterior cingulate and medial prefrontal cortex connectivity associated with
comprehension and task focus while reading. Front. Hum. Neurosci. 7, 734 . 

mirnov, D. , Glerean, E. , Lahnakoski, J.M. , Salmi, J. , Jaaskelainen, I.P. , Sams, M. , Num-
menmaa, L. , 2014. Fronto-parietal network supports context-dependent speech com-
prehension. Neuropsychologia 63, 293–303 . 

ommer, M. , Meinhardt, J. , Rothmayar, C. , Döhnel, K. , Hajak, G. , Rupprecht, R. , So-
dian, B. , 2014. Me or you? Neural correlates of moral reasoning in everyday conflict
situations in adolescents and adults. Soc. Neurosci. 9, 452–470 . 

onkusare, S. , Breakspear, M. , Guo, C. , 2019. Naturalistic stimuli in neuroscience: criti-
cally acclaimed. Trends Cogn. Sci. 23, 699–714 . 

onkusare, S. , Nguyen, V.T. , Moran, R. , van der Meer, J. , Ren, Y. , Koussis, N. , Dioni-
sio, S. , Breakspear, M. , Guo, C. , 2020. Intracranial-EEG evidence for medial temporal
pole driving amygdala activity induced by multi-modal emotional stimuli. Cortex 130,
32–48 . 

peer, N.K. , Zacks, J.M. , Reynolds, J.R. , 2007. Human brain activity time-locked to nar-
rative event boundaries. Psychol. Sci. 18, 449–455 . 

piers, H.J. , Maguire, E. , 2007. Decoding human brain activity during real-world experi-
ences. Trends Cogn. Sci. 11, 356–365 . 

pitsyna, G. , Warren, J.E. , Scott, S.K. , Turkheimer, F.E. , Wise, R.J. , 2006. Converging
language streams in the human temporal lobe. J. Neurosci. 26, 7328–7336 . 

t-Laurent, M. , Moscovitch, M. , McAndrews, M.P. , 2016. The retrieval of perceptual mem-
ory details depends on right hippocampal integrity and activation. Cortex 84, 15–33 .

traube, T. , Preissler, S. , Lipka, J. , Hewig, J. , Mentzel, H.J. , Miltner, W.H. , 2010. Neural
representations of anxiety and personality during exposure to anxiety-provoking and
neutral scenes from scary movies. Hum. Brain Mapp. 31, 36–47 . 

ung, K. , Dolcos, S. , Flor-Henry, S. , Zhou, C. , Gasior, C. , Argo, J. , Dolcos, F. , 2011. Brain
imaging investigation of the neural correlates of observing virtual social interactions.
J. Vis. Exp. 6, e2379 . 
wallow, K.M. , Barch, D.M. , Head, D. , Maley, C.J. , Holder, D. , Zacks, J.M. , 2011. Changes
in events alter how people remember recent information. J. Cogn. Neurosci. 23,
1052–1064 . 

zaflarski, J.P. , Altaye, M. , Rajagopal, A. , Eaton, K. , Meng, X. , Plante, E. , Holland, S.K. ,
2012. A 10-year longitudinal fMRI study of narrative comprehension in children and
adolescents. Neuroimage 63, 1188–1195 . 

ikka, P. , Kauttonen, J. , Hlushchuk, Y. , 2018. Narrative comprehension beyond language:
common brain networks activated by a movie and its script. PLoS One 13, e0200134 .

odd, S. (Producer), Todd, J. (Producer), Nolan, C. (Director), 2001. Memento (Film),
Newmarket Capital GroupTeam, Todd I Remember Productions, and Summit Enter-
tainment. 

ylén, K. , Christensen, P. , Roepstorff, A. , Lund, T. , Ostergaard, S. , Donald, M. , 2015. Brains
striving for coherence: long-term cumulative plot formation in the default mode net-
work. Neuroimage 121, 106–114 . 

anderwal, T. , Eilbott, J. , Castellanos, F.X. , 2019. Movies in the magnet: naturalis-
tic paradigms in developmental functional neuroimaging. Dev. Cogn. Neurosci. 36,
100600 . 

an Kesteren, M.T. , Fernandez, G. , Norris, D.G. , Hermans, E.J. , 2010. Persistent
schema-dependent hippocampal-neocortical connectivity during memory encoding
and postencoding rest in humans. Proc. Natl. Acad. Sci. USA 107, 7550–7555 . 

an Marle, H.J. , Hermans, E.J. , Qin, S. , Fernandez, G. , 2009. From specificity to sensitiv-
ity: how acute stress affects amygdala processing of biologically salient stimuli. Biol.
Psychiatry 66, 649–655 . 

an Marle, H.J. , Hermans, E.J. , Qin, S. , Fernandez, G. , 2010. Enhanced resting-state con-
nectivity of amygdala in the immediate aftermath of acute psychological stress. Neu-
roimage 15, 348–354 . 

emuri, K. , Surampudi, B.R. , 2015. An exploratory investigation of functional network
connectivity of empathy and default mode networks in a free-viewing task. Brain
Connect. 5, 384–400 . 

iinikainen, M. , Glerean, E. , Jaaskelainen, I.P. , Kettunen, J. , Sams, M. , 2012. Nonlinear
neural representation of emotional feelings elicited by dynamic naturalistic stimula-
tion. Open J. Neurosci. 2, 4 . 

agner, D.D. , Dan Cin, S. , Sargent, J.D. , Kelley, W.M. , Heartherton, T.F. , 2011. Sponta-
neous action representation in smokers when watching movie characters smoke. J.
Neurosci. 31, 894–898 . 

allentin, M. , Nielsen, A.H. , Vuust, P. , Dohn, A. , Roepstorff, A. , Lund, T.E. , 2011. Amyg-
dala and heart rate variability responses from listening to emotionally intense parts
of a story. Neuroimage 58, 963–973 . 

ang, Y. , Holland, S.K. , 2014. Comparison of functional network connectivity for pas-
sive-listening and active-response narrative comprehension in adolescents. Brain Con-
nect. 4, 273–285 . 

einstein, A. , Greif, J. , Yemini, Z. , Lerman, H. , Weizman, A. , Even-Sapir, E. , 2010. At-
tenuation of cue-induced smoking urges and brain reward activity in smokers treated
successfully with buproprion. J. Psychopharmacol. 24, 829–838 . 

estermann, R. , Spies, K. , Stahl, G. , Hesse, F.W. , 1996. Relative effectiveness and validity
of mood induction procedures: a meta-analysis. Eur. J. Soc. Psychol. 26, 557–580 . 

hitney, C. , Huber, W. , Klann, J. , Weis, S. , Krach, S. , Kircher, T. , 2009. Neural correlates
of narrative shifts during auditory story comprehension. Neuroimage 47, 360–366 . 

ilf, M. , Strappini, F. , Golan, T. , Hahamy, A. , Harel, M. , Malach, R. , 2017. Spontaenously
emerging patterns in human visual cortex reflect responses to naturalistic sensory
stimuli. Cereb. Cortex 27, 750–763 . 

ilson, S.M. , Molnar-Szakacs, I. , Iacoboni, M. , 2008. Beyond superior temporal cor-
tex: intersubject correlations in narrative speech comprehension. Cereb. Cortex 18,
230–242 . 

olf, D. , Mittelberg, I. , Rekittke, L.M. , Bhavsar, S. , Zvyagintsev, M. , Haeck, A. , Cong, F. ,
Klasen, M. , Mathiak, K. , 2018. Interpretations of social interactions: functional imag-
ing of cognitive-semiotic categories during naturalistic viewing. Front. Hum. Neu-
rosci. 12, 296 . 

olf, I. , Deiobek, I. , Heekeren, H.R. , 2010. Neural correlates of social cognition in natu-
ralistic settings: a model-free analysis approach. Neuroimage 49, 894–904 . 

u, J. , Kemeny, S. , Park, G. , Frattali, C. , Braun, A. , 2005. Language in context: emer-
gent features of word, sentence, and narrative comprehension. Neuroimage 25,
1002–1015 . 

ano, K. , Suyama, T. , 2016. A novel fixed low-rank constrained EEG spatial filter estima-
tion with application to movie-induced emotion recognition. Comput. Intell. Neurosci.
2016, 6734720 . 

arkoni, T. , Speer, N.K. , Balota, D.A. , McAvoy, M.P. , Zacks, J.M. , 2008a. Pictures of a
thousand words: investigating the neural mechanisms of reading with extremely rapid
event-related fMRI. Neuroimage 42, 973–987 . 

arkoni, T. , Speer, N.K. , Zacks, J.M. , 2008b. Neural substrates of narrative comprehension
and memory. Neuroimage 41, 1408–1425 . 

eshurun, Y. , Nguyen, M. , Hasson, U. , 2017a. Amplification of local changes along the
timescale processing hierarchy. Proc. Natl. Acad. Sci. USA 114, 9475–9480 . 

eshurun, Y. , Swanson, S. , Simony, E. , Chen, J. , Lazaridi, C. , Honey, C.J. , Hasson, U. ,
2017b. Same story, different story. Psychol. Sci. 28, 307–319 . 

ip, S.W. , Potenza, E.B. , Balodis, I.M. , Lacadie, C.M. , Sinha, R. , Mayes, L.C. , Potenza, M.N. ,
2014. Prenatal cocaine exposure and adolescent neural responses to appetitive and
stressful stimuli. Neuropsychopharmacology 39, 2824–2834 . 

acks, J.M. , Braver, T.S. , Sheridan, M.A. , Donaldson, D.I. , Snyder, A.Z. , Ollinger, J.M. ,
Buckner, R.L. , Raichle, M.E. , 2001. Human brain activity timelocked to perceptual
event boundaries. Nat. Neurosci. 4, 651–655 . 

acks, J.M. , Kurby, C.A. , Eisenberg, M.L. , Haroutunian, N. , 2011. Prediction error associ-
ated with the perceptual segmentation of naturalistic events. J. Cogn. Neurosci. 23,
4057–4066 . 

acks, J.M. , Speer, N.K. , Swallow, K.M. , Maley, C.J. , 2010. The brain’s cutting-room floor:
segmentation of narrative cinema. Front. Hum. Neurosci. 4, 168 . 

http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0180
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0180
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0180
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0180
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0180
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0181
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0181
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0181
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0181
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0181
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0181
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0181
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0181
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0182
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0182
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0182
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0183
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0183
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0183
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0183
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0183
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0183
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0183
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0183
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0183
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0184
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0184
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0184
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0184
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0184
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0184
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0184
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0184
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0185
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0185
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0185
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0185
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0185
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0185
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0185
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0185
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0185
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0186
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0186
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0186
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0186
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0186
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0187
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0187
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0187
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0187
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0188
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0188
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0188
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0188
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0188
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0188
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0188
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0188
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0188
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0189
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0189
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0189
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0189
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0189
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0190
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0190
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0190
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0190
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0190
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0190
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0190
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0191
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0191
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0191
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0191
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0192
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0192
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0193
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0193
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0193
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0193
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0193
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0193
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0194
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0194
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0194
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0194
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0195
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0195
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0195
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0195
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0196
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0196
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0197
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0197
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0197
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0197
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0198
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0198
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0198
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0198
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0198
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0198
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0198
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0199
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0199
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0199
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0199
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0199
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0199
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0200
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0200
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0200
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0200
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0200
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0200
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0200
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0200
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0201
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0201
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0201
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0201
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0201
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0202
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0202
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0202
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0202
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0202
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0202
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0202
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0202
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0202
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0202
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0203
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0203
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0203
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0203
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0203
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0203
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0203
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0203
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0204
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0204
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0204
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0204
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0204
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0204
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0204
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0204
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0205
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0205
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0205
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0205
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0206
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0206
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0206
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0206
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0206
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0206
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0206
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0206
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0206
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0206
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0207
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0207
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0207
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0207
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0208
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0208
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0208
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0209
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0209
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0209
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0209
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0209
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0209
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0210
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0210
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0210
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0210
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0211
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0211
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0211
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0211
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0211
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0211
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0211
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0212
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0212
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0212
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0212
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0212
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0212
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0212
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0212
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0213
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0213
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0213
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0213
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0213
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0213
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0213
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0214
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0214
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0214
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0214
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0214
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0214
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0214
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0214
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0215
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0215
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0215
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0215
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0216
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0216
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0216
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0216
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0216
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0216
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0216
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0217
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0217
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0217
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0217
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0218
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0218
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0218
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0218
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0218
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0219
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0219
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0219
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0219
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0219
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0220
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0220
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0220
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0220
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0220
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0221
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0221
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0221
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0222
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0222
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0222
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0222
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0222
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0222
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0223
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0223
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0223
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0223
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0223
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0223
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0224
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0224
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0224
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0224
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0224
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0224
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0224
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0225
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0225
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0225
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0226
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0226
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0226
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0226
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0226
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0226
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0226
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0227
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0227
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0227
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0227
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0227
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0228
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0228
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0228
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0228
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0228
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0228
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0228
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0229
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0229
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0229
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0229
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0229
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0229
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0229
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0230
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0230
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0230
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0230
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0231
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0231
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0231
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0231
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0231
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0231
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0231
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0231
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0231
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0231
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0232
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0232
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0232
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0232
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0233
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0233
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0233
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0233
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0233
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0233
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0234
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0234
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0234
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0235
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0235
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0235
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0235
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0235
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0235
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0236
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0236
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0236
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0236
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0237
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0237
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0237
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0237
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0238
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0238
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0238
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0238
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0238
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0238
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0238
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0238
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0239
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0239
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0239
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0239
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0239
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0239
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0239
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0239
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0240
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0240
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0240
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0240
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0240
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0240
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0240
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0240
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0240
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0241
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0241
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0241
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0241
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0241
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0242
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0242
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0242
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0242
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0242


I.P. Jääskeläinen, M. Sams, E. Glerean et al. NeuroImage 224 (2021) 117445 

Z  

 

Z  

Z  

Z  

Z  
adbood, A. , Chen, J. , Leong, Y.C. , Norman, K.A. , Hasson, U. , 2017. How we transmit
memories to other brains: constructing shared neural representations via communi-
cation. Cereb. Cortex 27, 4988–5000 . 

hao, G. , Zhang, Y. , Ge, Y. , Zheng, Y. , Sun, X. , Zhang, K. , 2018. Asymmetric hemisphere
activation in tenderness: evidence from EEG signals. Sci. Rep. 8, 8029 . 

hou, J. , Benson, N.C. , Kay, N.N. , Winawer, J. , 2018. Compressive temporal summation
in human visual cortex. J. Neurosci. 38, 691–709 . 
hou, W. , Wang, X. , Xia, Z. , Bi, Y. , Li, P. , Shu, H. , 2016. Neural mechanisms of dorsal and
ventral visual regions during text reading. Front. Psychol. 7, 1399 . 

waan, R.A. , Langston, M.C. , Graesser, A.C. , 1995. The construction of situation models
in narrative comprehension: an event-indexing model. Psychol. Sci. 6, 292–297 . 

http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0243
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0243
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0243
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0243
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0243
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0243
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0244
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0244
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0244
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0244
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0244
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0244
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0244
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0245
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0245
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0245
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0245
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0245
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0246
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0246
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0246
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0246
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0246
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0246
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0246
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0247
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0247
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0247
http://refhub.elsevier.com/S1053-8119(20)30930-7/sbref0247

	Movies and narratives as naturalistic stimuli in neuroimaging
	Use of movies and narratives in neuroimaging studies of memory
	Encoding of naturalistic stimuli into long-term memory
	The neural basis of recalling naturalistic events from long-term memory
	The cortical hierarchy of temporal receptive windows in short-term memory
	The neural basis of event segmentation

	Use of movies in neuroimaging studies of attention
	Selective attention mechanisms during naturalistic stimulation
	The neural basis of perspective-taking

	Use of movies and narratives in language studies
	Narrative-level semantics and the brain
	Bilateral brain activity during listening to natural speech
	The speech motor system and speech perception
	Development of narrative comprehension in children

	Feature films in non-invasive neuroimaging studies of emotions
	Movies and narratives as powerful tools in emotion research
	Classifying emotions by means of brain-activity distribution patterns
	Spatiotemporal orchestration of brain activity during emotional experiences
	The neural basis of emotion regulation
	Neuroimaging that addresses brain correlates of sexual arousal
	Social emotions

	Naturalistic stimuli in neuroimaging studies of social cognition
	The default-mode network and social cognition
	Perception of goal-directed behavior in movies
	Theory of mind and mentalizing
	Emotional and cognitive empathy
	Movies in neuroimaging studies of humor
	Perception of rewards in movies

	Conclusions
	Acknowledgments
	References


