
 

I NTRODUCTION 
 

Brain neural dynamics can be evoked and captured, with-
out making assumptions about their function, by an emerg-
ing technique called naturalistic stimulation. Naturalistic 
stimulation refers to complex dynamic stimuli such as 
movie watching. Watching a movie evokes reliable and 
functionally selective fluctuations in the BOLD signal 
throughout the brain, measurable using functional MR 
imaging (fMRI) [1][2][3]. Several benefits have been de-
scribed in the literature for the naturalistic stimulation 
fMRI method.  

Firstly, head motion reduction: head-motion is a 
common fMRI artifact particularly relevant among chil-
dren, older adults and clinical populations [4][5]. Head 
motion can introduce significant, systemic effects on in-
trinsic functional connectivity measures during resting 
state-fMRI, specifically, head motion has been found to 
decrease functional coupling across long range connec-
tions while increasing local measures of functional cou-
pling [6][7]. In contrast to the low behavioural constraint 
of conventional resting state, watching a movie in the MRI 
scanner has been shown to decrease subject movement [8]
[4], likely owing to viewers’ enhanced attentional engage-
ment [9]. 

Secondly, the increased intra-subject reliability of 
connectivity measures: the conventional resting state has 
been found to be quite dynamic as, during scanning, the 
level of awareness varies over time between wakefulness 
and different sleep stages [10] and these fluctuations can 
affect functional connectivity strengths in several net-
works. On the contrary, presenting a movie in the scanner 
has been shown to maintain wakefulness and attention in 
subjects [8]. Naturalistic stimulation improves intra-
subject reliability relative to conventional resting state. 
Wang et al. demonstrated that movie viewing improves 
test-retest reliability, increasing the stability of functional 
connectivity measures by approximately 50% when com-
pared to conventional resting-state paradigms [11]. All 
these benefits make natural stimulation a way for improv-
ing compliance, reducing movement and creating a more 
comfortable experience in the MR scanner for children, 
older adults and clinical population [9][12][8][3][5][4]. 
In the last years, several studies have been using natural-
istic stimulation to investigate the connectivity dynamics 
under pathology condition (epilepsy, ADHD) or in healthy 
children for studying the developing brain [3][9][5].  
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 Naturalistic stimulation has had increasing influence on cognitive 
neuroscience in the last decade. Several studies have used naturalistic stimulation 
to investigate the connectivity dynamics under pathological condition or in 
healthy children for studying the developing brain. However, little is known about 
the connectivity changes during watching a movie in healthy, adult population. 
Our aim is to delineate the potential dynamic connectivity pattern of the healthy, 
mature brain during naturalistic movie watching compared to complete rest. In an 
observational case series, eleven healthy adult volunteers with no history of 
psychiatric or neurological illness underwent two magnetic resonance echo-
planar imaging acquisitions. During the first acquisition they were asked to rest 
with their eyes closed and during the subsequent acquisition they watched a movie 
clip with slow human body movements. The Independent Component Analysis 
provided neural components which were further submitted to intra- and inter-
network analyses. We found significantly increased intra-network connectivity 
during movie watching for the extrastriate visual and for the posterior visual 
networks. The inter-network analysis showed that for the extravisual and primary 
visual pair, the connectivity was lower during movie watching compared to rest 
condition. We also found significant uncoupling between the anterior Default 
Mode Network and the secondary somatosensory network during movie watching. 
These findings suggest greater visual network segregation during movie watching 
in order to support processing of complex stimuli. The decoupling of the 
secondary somatosensory network from the anterior Default Mode Network 
during movie watching suggest a somatosensory function segregation and its 
important role in processing information from observing the naturalistic 
movements of others. Brain imaging measures of major brain networks can 
contribute to early identification of risk for common psychiatric disorders hence 
facilitating preventive therapy. 
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concatenation to produce 50 independent component maps 
(IC maps) representing average resting state networks. A 
high-pass temporal filtering cut-off of 100s was applied. 
The first 5 volumes, acquired to allow longitudinal mag-
netization to reach a steady state, were discarded. 
 
The intra-network connectivity analysis involves com-
paring the subject-specific spatial maps between Rest and 
MW conditions. To determine subject-specific spatial 
maps, dual regression analysis was performed on the ob-
tained neural networks using variance normalization (with 
variance normalization, the dual regression reflects differ-
ences in both activity and spatial spread of the resting-
state networks), similar to previous studies [3][15][14]. 
For the statistical analysis, i.e. the paired two-group differ-
ence (two-sample paired t-test), the different component 
maps were collected across subjects into single 4D files (1 
per original ICA map) and tested voxel-wise by nonpara-
metric permutation using the FSL randomise tool (https://
fsl.fmrib.ox.ac.uk/fsl/fslwiki/Randomise) with 1000 per-
mutations and a threshold-free cluster enhanced (TFCE) 
technique to control for multiple comparisons. As we test-
ed a multitude of resting state networks in several runs, we 
addressed the issue of multiple testing correction by con-
trolling the false discovery rate (FDR) at p<0.05. 
 
Apart from testing differences for intra-network temporal 
correlation, we were interested in the potential changes of 
temporal correlations between resting state networks -  
inter-network connectivity. In order to obtain infor-
mation on inter-network connectivity, we applied the 
FSLNets package (http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/
FSLNets) implemented in Matlab (The MathWorks Inc.).   
In a preliminary step, the FSLNets tool performed an un-
supervised grouping (clustering) of these networks to as-
sess potential similarities and implicitly broad functional 
roles. Subsequently, we tested inter-network connection 
strength differences between conditions (Rest vs. MW 
condition). We considered as “good” (non-noise) temporal 
spectra only those which fall off smoothly with increasing 
frequency and which also fall to zero at the very lowest 
frequencies, due to highpass filtering applied in the pre-
processing of the raw resting state-fMRI data. The remain-
ing 11 networks were identified aș classical resting state 
networks (Figure 1). The FSLNets input data were the 22 
(11x2) subject specific timecourses for the selected 11 
neural networks (the timeseries outputs of stage 1 of the 
dual-regression). The group-ICA time-courses related to 
spatial maps were processed using the nets_load Matlab 
script implemented in FSLNets, which performs normali-
zation for the overall standard deviation of all data points 
for each subject. These networks were further submitted to 
inter-network connectivity analysis. Then, subject-wise 
correlation matrices of both full correlation and regular-
ized partial correlation of all remaining resting state net-
works time courses were created.  
The resulting correlation coefficients were Fisher z-
transformed and corrected for temporal autocorrelation. 
After averaging all individual correlation matrices and 
doing one-group t-test across them, the resulting nodes 
were clustered hierarchically by using information about 
temporal similarity of the full correlation matrices.  

However, little is known about the connectivity changes 
during watching a movie in healthy, adult population. Our 
aim is to delineate the potential dynamic  connectivity  
pattern of the healthy, mature brain functional networks 
during naturalistic movie watching compared to complete 
rest. Investigating these modulations in neural activity in 
healthy subjects would be informative for better under-
standing and interpreting the clinical data in naturalistic 
stimulation fMRI studies. Moreover, investigating the tran-
sition from complete rest to movie watching may be com-
pelling as it can reflect a shift away from internally driven 
processing to external goal directed search like observing 
the naturalistic movements of others. 
We sought to explore potential cerebral connectivity 
changes during naturalistic stimulation, in a hypothesis-
free data driven fMRI technique. 
 
 
 

M ATERIALS ȘI METHODS 
 

This study is an observational case series on healthy adult 
subjects. Eleven healthy volunteers (7 females, 4 males; 
average age, 33 years) with no history of psychiatric or 
neurological illness were selected from general population 
through an announcement on social networks. They under-
went two fMRI echo-planar imaging acquisitions. During 
the first acquisition they were asked to rest with their eyes 
closed (Rest) and during the subsequent acquisition they 
watched a videoclip from a movie (Movie Watching, 
MW). The movie clip contained slow biological move-
ments (human bodies movements). The Independent Com-
ponent Analysis (ICA) method provided 50 independent 
component maps. Among them, 11 networks were identi-
fied as classical resting state neural networks, similar to 
those reported previously [13][14][15]. 

A 3T Siemens Skyra-MR scanner was used to 
acquire 200 functional axial volumes/session by means of 
a 2-dimensional multi-slice echo-planar imaging sequence 
(TR=2500 ms, TE=30ms, matrix=94x94, voxel 
size=4x4x4.3mm). Each acquisition duration was 8min43s. 
Additionally, anatomical images were acquired (T1-
weighted MP-RAGE, TR/TE=2200/2.51 ms, voxel size 
0.9x0.9x0.9 mm).  

Data analysis was performed with FMRIB Soft-
ware Library (FSL) package (http://fsl.fmrib.ox.ac.uk/fsl/
fslwiki/). Head motion in the fMRI data was corrected us-
ing multi-resolution rigid body co-registration of volumes, 
as implemented in the MCFLIRT software. Brain extrac-
tion was carried out for motion corrected BOLD volumes 
with optimization of the deforming smooth surface model, 
as implemented in the BET software. Rigid body registra-
tion as implemented in the FLIRT software was used to co-
register fMRI volumes to T1-MPRAGE (brain-extracted) 
volumes of the corresponding subjects and subsequently, 
to the MNI152 standard space. The images were smoothed 
with a 5 mm filter. 

 
Independent Component Analysis (ICA). The 

Multivariate Exploratory Linear Decomposition into Inde-
pendent Components (MELODIC) tool was used to per-

form spatial group-ICA using multisession temporal 
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Figure 1: Independent Component Analysis (ICA) result (11 neural signal selected networks).  

Legend: From left to right: primary visual network (PV), anterior DMN (aDMN), attention network, extrastriate visual 
network (EV), left fronto-parietal network (leftFPN), motor network, right fronto-parietal network (rightFPN), posterior 
DMN (pDMN), secondary sensory-motor network (SS2), posterior visual network (pV), basal ganglia network. 

Figure 2: Cluster of voxels with increased connectivity 
(V2BA18 area)  

Figure 3: Cluster of voxels with increased connectivity 
(V3V area)  

 
Legend: Cluster of voxels with increased connectiv-
ity (V2BA18 area) (blue), during movie watching 
compared to rest, for the extrastriate network 
(p=0.0028).  

 
Legend: Cluster of voxels with increased connectiv-
ity (V3V) (blue) during movie watching compared 
to rest, for the posterior visual network (p=0.0008). 



ty in brain’s  networks, in the efort to find explanatory 
models for various neuropsychiatric disorders, from au-
tism and ADHD to schizophrenia and depression [19]. For 
instance, negative connectivity was found in high-visual 
network and executive network coupling in schizophrenic 
patients and their first-degree relatives and this decreased 
connectivity was correlated with the severity of positive 
symptoms in patients [20]. The application of a low level 
natural stimulation like movie watching has been used in 
resting state studies in order to investigate potential con-
nectivity changes induced by disease [9][3][8] or to study 
young children’s functional brain systems.  Emerson et al. 
applied this method in 6 year-old children in order to in-
vestigate the normal development of the cortex [3]. In an-
other study, Bullen use ICA method to investigate altera-
tions between Rest and MW induced by epilepsy patholo-
gy [9].  
 
However, very few studies have investigated the changes 
in neural connectivity from Rest to MW brain states in 
healthy volunteers. To the best of our knowledge, only 
one other group, Gao and Lin, performed this kind of in-
vestigation on healthy adults [16]. In order to explore the 
neural connectivity changes, Gao and Lin used predefined 
spherical regions of interest positioned inside several rest-
ing state-fMRI networks provided by a different study. In 
our study, we used an unsupervised data analysis (ICA) in 
order to obtain our own group neural networks. Subse-
quently, these networks were used for checking intra- and 
inter-network connectivity potential changes during MW 
compared with Rest. 
 
The intra-network analysis showed increased connectivity 
for two visual networks. To the best of our knowledge, the 
only other analysis of intra-network connectivity during 
naturalistic stimulation was performed by Emerson et al in 
6-year old children. They did not obtain differences for the 
intra-network connectivity but their study involved young 
children. We found increased intra-network connectivity 
for EV network and posterior visual network during MW 
compared to Rest. The voxels proving stronger intra-
network connection were located in prestriate and striate 
areas (V3 and, respectively, V2 areas) which are known to 
be sensitive to shape dynamics. V2 area is part of the asso-
ciative visual cortex with functions involving visual dis-
crimination, visual memory, etc.. V3 area may play a role 
in the processing of global motion [21].  
These intra-network, local increases in connectivity during 
naturalistic stimulation suggest a segregation of functional 
networks in order to support movie processing [9]. Other 
studies [22][23] support our findings as they found pro-
cessing hubs (i.e. higher local, intra-network connection) 
during movie viewing, demonstrating greater network seg-
regation during active engagement. 

 

 Our study proved significantly decreased inter-
network connectivity between extrastriate and primary 
visual networks during MW. This finding is in agreement 
with Bullen study which found that the most weakened 
inter-network connectivity is between extrastriate visual 
(EV) network and primary visual (PV) network during 
MW [9].  

The network matrices were then tested across subjects for 
a two-group difference (Rest vs. MW condition). For 
group comparison we used a General Linear Model (GLM) 
on the partial correlation values, as these reflect direct net-
work connections better than the full correlation values. 
Results were corrected for multiple testing by applying a 
family-wise error (FWE) correction, thresholded at p=0.05. 
The Juelich histological atlas, Harvard-Oxford cortical and 
subcortical atlases (Harvard Center or Morphometric Anal-
ysis) were used to identify the anatomical location and the 
NeuroSynth 100 top terms atlas (http://neurosynth.org) 
was used to identify the functional components of the re-
sulting ICA maps.  
 
 
 

R ESULTS 
 

Intra-network connectivity analysis 
The whole brain comparisons of the component spatial 
maps performed by dual-regression revealed significantly 
increased intra-network connectivity during MW com-
pared to Rest condition, for the extrastriate visual network 
(EV) and for the posterior visual network (pV). The ex-
trastriate visual network encompasses mainly higher-order, 
processing cortical visual areas while the posterior visual 
network comprises both primary and higher-order visual 
areas. The clusters of voxels showing increased connectivi-
ty during MW are located bilaterally in visual cortex 
V2BA18 (part of EV network)(Figures 2 and 1) and in 
visual cortex V3V (part of pV) (Figures 3 and 1). We 
found no other significant differences in intra-network 
connectivity during MW compared to Rest. 

 
Inter-network connectivity analysis 
The inter-network analysis performed by FSLNets showed 
that the inter-network connectivity changed significantly 
for the EV and primary visual (PV) pair, between Rest and 
MW condition. For this functional node, the inter-network 
connectivity was higher during Rest compared to MW 
(Figure 4). More specifically, the EV and PV networks had 
a strong positive correlation  during Rest but they almost 
completely lose their correlation during MW (Figure 
4).We also found significant connectivity modulation be-
tween the anterior Default Mode Network (aDMN) and the 
secondary somatosensory network (SS2) (Figure 5). A 
weak anti-correlation during Rest for this functional pair 
became a strong anti-correlation during MW. 
 
 

D ISCUSSIONS 
The naturalistic experimental stimulation have had 

increasing influence on cognitive neuroscience in the last 
decade [16][3][8][9][1][17][4]. Now, naturalistic para-
digms have a place in the Human Connectome Project 
(HCP) (http://www.humanconnectomeproject.org) and the 
Healthy Brain Network (HBN) [18]. A recent review in 
Trends in cognitive science, “Naturalistic Stimuli in Neu-
roscience: Critically Acclaimed”, praise the role of natural-
istic stimulation in cognitive neuroscience. 
In recent years, the focus was shift from regional brain 

abnormalities to dysfunction or abnormal connectivi-
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Figure 4: The boxplots of connectivity z-scores between secondary somatosensory and anterior default mode network, 
in rest and movie watching conditions. 

Legend: Significantly lower positive correlation between networks during movie watching.  

Figure 5: The boxplots of connectivity z-scores between secondary somatosensory and anterior default mode network, 
in rest and movie watching conditions  

Legend: Significantly higher anti-correlation between networks during movie watching.  



In schizophrenia these abnormalities is thought to be re-
sponsible for the intensive self-reference and also for the 
impairments in attention and working memory. In depres-
sion, DMN hyperactivity is associated with negative rumi-
nation [35]. In the last years many leading professionals 
proposed that brain imaging measures can contribute to 
early identification of risk for common psychiatric disor-
ders and resting-state fMRI represents a promising bi-
omarker for the early identification of children at risk of 
developing depression or ADHD, hence facilitating pre-
ventive therapy [36]. 
 

To conclude, we found several features of the 
brain processes during a low demand naturalistic stimuli: 
higher intra-network connectivity and lower inter-network 
connectivity for the visual areas suggesting greater net-
work segregation during MW in order to support pro-
cessing of complex stimuli. We also found a strong uncou-
pling of the SS2 and aDMN networks during MW, sug-
gesting a SS2 function segregation and an important role 
for SS2 in processing information from observing the nat-
uralistic movements of others.  

 
Study limitations: 
We performed our study comparing the eyes closed resting 
state to movie watching condition. This method has been 
previously used by Gao and Lin and by Bullen in their 
naturalistic stimulations studies [16][9]. However, there 
are previous studies that suggest that connectivity changes 
are present when just switching from eyes closed to eyes 
open condition. Indeed, larger activation for the visual 
areas are reported in Marx et al. study in eyes open than in 
eyes shut condition [37][38][39]. On the other hand, there 
are studies that found no significant differences in connec-
tivity strength for the important networks, between eyes 
open and eyes closed conditions [40].  
While the increased connectivity inside visual areas in our 
naturalistic stimulation study might be similar to those 
found for eyes open condition in other studies, the finding 
related to SS2 and DMN uncoupling during movie watch-
ing has not been previously reported by other eyes shut/
eyes open studies so this strong anti-correlation might be a 
potential feature for the brain while observing other people 
movements. Further studies comparing eyes open fMRI to 
movie watching condition are necessary to confirm the 
present findings on the neural response to movie watching, 
specifically, while observing the movements of others. 

 

Bartels et al. also found that distinct visual areas lose their 
correlations during MW compared to Rest [1]. McAvoy 
and colleagues reported the dissociated mean BOLD signal 
changes between PV and EV regions, in an experiment 
with participants alternating between fixation and eyes 
closed [24]. Their study concludes that a dissociated en-
dogenous neural activity in PV and EV cortices may repre-
sent a general aspect of brain function when shifting from 
internally to externally directed states [24]. Similarly, in 
our study, the naturalistic stimulation seems to produce a 
segregation between EV network and lower order visual 
networks. The intra-network connectivity increase along 
with the inter-network connectivity decrease for the these 
visual areas suggest a stronger local activity  and a weaker 
long-range connectivity during MW compared to Rest. 

 
The second result of the inter-network analysis is the un-
coupling (strong anti-correlation) between aDMN and SS2 
during MW (Figure 5). We identified SS2 location in ac-
cordance to Juelich atlas implemented in FSLeyes (GM 
parietal operculum, bilateral). It had been believed that 
SS2 cortex is a unimodal sensory cortex that contributes to 
the processing of tactile information and of proprioceptive 
information for motor control. However, electrophysiolog-
ical studies as well as more recent fMRI studies often 
demonstrate the existence of bimodal neurons in this area 
[25]. Recent human brain-imaging studies have often 
demonstrated visual effects on SS2 activity. Bremmer et 
al. studied the motion processing system in the human 
brain using fMRI and found that moving visual stimulation 
activated SS2 [26]. The activation of the SS2 by the obser-
vation of another person’s body being touched has been 
repeatedly confirmed under various conditions [27][28]. 
Even viewing another person’s actions can activate SS2 
[29][30][27]. A recent study performed in macaque mon-
keys which recorded single-unit (neuron) activity with in-
tracranial electrodes, found that among 1157 recorded neu-
rons in SS2, 306 neurons (~26.5%) responded to visual 
stimuli [25]. These visual neurons responded rather com-
plex stimuli such as observation of human action and mov-
ing-object stimulation outside the monkey’s reach. The 
visual neurons were distributed continuously along the 
lateral sulcus covering the entire SS2, along with other 
somatosensory neurons [25]. 
 
In our study, the SS2 anti-correlation with aDMN become 
very strong when toggling from Rest to MW, suggesting a 
dissociation of SS2 from other networks and a higher local 
processing of external stimuli like pictures of body move-
ments. The high anti-correlation between the SS2 network 
and aDMN might be explained by a competitive relation-
ship between them [31][32]. The fact that only aDMN and 
not pDMN showed this connectivity modulation with SS2 
during MW might be explained given that aDMN is more 
prone than pDMN to reflect the relation between others 
and oneself and is activated during thinking about the com-
plex interactions among people [33][34].  The Default 
mode network (DMN) is one of the most studied brain 
networks, due to its association with almost every major 
psychiatric disease. In depression and schizophrenia, the 
DMN was found to be hyperactivated and hyperconnected.  
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