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SUMMARY

The triple network model, encompassing the salience
network (SN), default mode network (DMN), and central
executive network (CEN) in the brain, provides a
framework for understanding how anxiety influences
brain activity. Dysfunction in these networks is linked
to anxiety disorders, suggesting their interaction is
key to the condition. We hypothesized that anxiety
from naturalistic story listening alters functional
connectivity within this model. Specifically, we predict
that at the story's peak tension, the anxiety-induced
group will show significantly different connectivity—
particularly increased network density—between the
SN, DMN, and CEN compared to a control group. This
naturalistic approach mimics real-life anxiety, unlike
traditional artificial stressors. We tested this hypothesis
using a previously published functional magnetic
resonance imaging (fMRI) dataset where anxiety was
manipulated during story listening. The story, Pretty
Mouth and Green My Eyes, was narrated to two different
groups; one anxiety-inducing (experimental) and one
neutral (control). Consistent with this prediction, the
network density (i.e., the degree to which different brain
regions communicate), was significantly greater in the
experimental group compared to the control group. In
particular, the CEN serves as a bridge tightly connecting
the DMN and SN, which may be interpreted as empathy
and emotion coming together under focused attention
when experiencing tension. Our findings demonstrate
that anxiety and tension during reading significantly
alter the functional connectivity of the SN, DMN, and
CEN. This research provides a possibility for creating
accurate diagnostic tools and personalized treatments
for anxiety disorders by comparing connectivity patterns
of those without and with anxiety disorders.

INTRODUCTION

Anxiety, a complex emotional state, is a prevalent mental
health concern that significantly impacts individuals’ well-
being and daily functioning (1, 2). Understanding the neural
mechanisms underlying anxiety is crucial for developing
effective diagnostic tools and personalized treatments for
anxiety disorders, including post-traumatic stress disorder
(PTSD) and obsessive-compulsive disorder (OCD) (1, 2).
The human brain is an intricate and highly sophisticated
organ, responsible for interpreting senses, initiating body
movement and behavior, and intelligence (1). It functions
by using neurons that communicate with each other by
transmitting electrochemical signals (1). Functional magnetic

resonance imaging (fMRI) allows us to observe activity
in specific brain regions during certain tasks (1). When a
particular brain region is active, it consumes more oxygen,
resulting in enhanced blood flow that is captured by the blood-
oxygen-level dependent (BOLD) signal, an indirect measure
of neural activity (1).

The fMRI literature has identified distinct brain regions that
show coordinated activity patterns (functional connectivity)
during different psychological states, suggesting they form
large-scale functional networks (1, 4, 7). The triple network
model is one prominent example, consisting of key interacting
networks relevant to understanding mental and neurological
disorders (1). This model consists of the salience network
(SN), the default mode network (DMN), and the central
executive network (CEN) (1) (Figure 1).

The core components of the SN, being the anterior insula
and the anterior cingulate cortex, along with other structures
such as the amygdala and thalamus, are crucial for various
functions such as interoception, emotions, empathy, cognitive
control, and information processing (3). A key function of the
SNis its role in regulating the activity of the DMN and the CEN
by switching the brain’s activity between these two networks
4, 5).

The DMN is a large-scale brain network that functions
during a resting state and introspective activity, such as
mind-wandering (6). In a classic study, researchers used
quantitative metabolic and circulatory measurements to
discover that there was a baseline state in the brain (7).
They identified specific brain regions including the posterior
cingulate, precuneus, and medial prefrontal cortex that
consistently decrease their activity during various tasks (7).
Other functional implications of the DMN include its lesser-
known roles in the abstraction and granularity of emotions
(7). For example, the DMN plays a role in creating discrete
emotions like anger, fear and disgust by abstracting them
from concrete features (2).

The CEN, referred to as the frontoparietal network,
is essential for tasks requiring prolonged concentration,
advanced problem-solving abilities, and the regulation of
working memory (1). Anatomically, this network includes
the posterior parietal cortex and the dorsolateral prefrontal
cortices (6). It is involved in goal-oriented behavior and is
generally thought of as the opposite of the DMN. The CEN
serves as a versatile hub among brain networks, enabling
adaptable coordination of cognitive control by interacting with
the DMN, visual network, auditory network, and others.

These networks are known to be affected by anxiety.
Excessive activity of the anterior insula within the SN has
been linked to anxiety disorders (2). Similarly, hyperactivity in
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Figure 1. Three-dimensional brain renderings with the spatial locations of nodes within the triple network model. The anatomical
distribution of the networks is shown from six different angles: (A) left, (B) superior, (C) right, (D) anterior, (E) inferior, and (F) posterior. Nodes
are color-coded to represent the salience network (SN; red), default mode network (DMN; blue), and central executive network (CEN; yellow).
Color densities represent depth, with brighter colors indicating regions closer to the human observer. Abbreviations: MPFC, medial prefrontal
cortex; LP, lateral parietal lobe; PCC, posterior cingulate cortex; ACC, anterior cingulate cortex; Al, anterior insula; RPFC, rostral prefrontal
cortex; SMG, supramarginal gyrus; LPFC, lateral prefrontal cortex; PPC, posterior parietal cortex; L, left; R, right; see Table 1 for the full ROI

names and MNI coordinates.

the amygdala is frequently observed across various anxiety
disorders (1). Anxiety also affects the DMN with anterior
DMN activity increasing with higher anxiety while posterior
DMN activity decreases (8). The CEN is also affected,
with the superior frontal gyrus showing decreased positive
connections in those with generalized anxiety disorder (9).
To appreciate the value of our naturalistic approach, it is
helpful to consider how anxiety has typically been studied.
Historically, anxiety has been examined by exposing mice to

stressful situations or having human subjects inhale carbon
dioxide (10, 11). Other methods include mock interviews with
mental arithmetic tests or submerging limbs in ice water (12,
13). Although these artificial stressors are effective in eliciting
anxiety, they are a stark contrast to the real-life experiences
of anxiety.

Our study takes a unique approach by examining brain
connectivity during the reading of an anxiety-provoking short
story (14). This naturalistic setting mimics the way anxiety can

Network Anatomical Region X y z
DMN Medial Prefrontal Cortex MPFC 1 55 -3
DMN Lateral Parietal Lobe (left) LP_L -39 =77 33
DMN Lateral Parietal Lobe (right) LP_R 47 -67 29
DMN Posterior Cingulate Cortex PCC 1 -61 38

SN Anterior Cingulate Cortex ACC 0 22 35
SN Anterior Insula (left) Al_L -44 13
SN Anterior Insula (right) AlLR 47 14 0
SN Rostral Prefrontal Cortex (left) RPFC_L -32 45 27
SN Rostral Prefrontal Cortex (right) RPFC_R 32 46 27
SN Supramarginal Gyrus (left) SMG_L -60 -39 31
SN Supramarginal Gyrus (right) SMG_R 62 -35 32
CEN Lateral Prefrontal Cortex (left) LPFC_L -43 33 28
CEN Lateral Prefrontal Cortex (right) LPFC_R 41 38 30
CEN Posterior Parietal Cortex (left) PPC_L -46 -58 49
CEN Posterior Parietal Cortex (right) PPC_R 52 -52 45

Table 1. Regions of interest (ROI) within the Default Mode Network (DMN), Salience Network (SN), and Central Executive Network
(CEN) used in this study. Coordinates are provided in Montreal Neurological Institute (MNI) space. ROls were defined based on coordinates
from the CONN toolbox network atlas and extracted as spherical regions with a 10-voxel radius.
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Figure 2. Brain connectivity at the peak tension point in the story.

1(38) = 1.2580, p = 0.2161

. Functional connectivity is shown for (A) the control (‘paranoia’) group

and (B) the cheating group. Nodes represent regions of interest (ROls) within the SN, DMN, and CEN. Edges represent significant functional
connections (threshold set at r > 0.2). The cheating group shows increased network density, particularly between the DMN and SN, with the
CEN acting as a bridge. Statistical analysis revealed a significant difference in overall network density between groups (p = 0.0490). Direct
comparisons of correlation coefficients showed no significant differences in inter- or within-network connectivity (p > 0.05 for all). The table

beneath the figure reports between-group comparisons of connectivity

strength for each within-network and between-network pairing among

the DMN, SN, and CEN, none of which were significant. Sample size: n = 20 per group. Abbreviations defined in Table 1.

arise in everyday situations. Based on the findings that anxiety
affects components of the triple network, we hypothesized
that anxiety is represented by altered functional connectivity
patterns within and between the SN, DMN, and CEN. We
tested this by using public fMRI datasets to measure how
connectivity within the triple network model changes during
moments of tension and release. By comparing responses
between individuals who felt anxious while listening to the
story and those who did not, we identified brain network
signatures that could serve as potential markers for anxiety
disorders and help in the development of a diagnostic tool
and personalized treatments.

RESULTS

This study analyzed a publicly available fMRI dataset
where participants listened to a short story (“Pretty Mouth and
Green My Eyes”) after receiving one of two narrative contexts
(14). One context aimed to induce anxiety and tension related
to potential infidelity (the ‘cheating’ group, n=20), while the
other served as a control (the ‘control’ group, n=20). We
investigated differences in functional connectivity within
the triple network model between these groups, particularly

during moments of high narrative tension. The network
density computed from the functional connectivity patterns
at the peak tension time point was 0.3467 a.u. in the control
group and 0.4711 a.u. in the cheating group (Figure 2). This
difference was found to be statistically significant (p=0.0490).
These results indicate that anxiety and tension in the story
alter the properties of the triple network.

As visualized in the connectivity graphs, we observed
several patterns in the connectivity of nodes (Figure 2). The
DMN and the SN were positioned on opposite sides of the
graph, with the CEN positioned centrally, connecting the two
other networks. In the control case, the right lateral prefrontal
cortex in the CEN was centrally located, working like a hub
for the connection with the SN and the two posterior parietal
cortices. The two posterior parietal cortices were connected
to the DMN nodes, linking the SN to other regions of interest.
Notably, the right lateral prefrontal cortices communicated
exclusively with the SN and CEN members, whereas the left
posterior parietal cortex interacted solely with the DMN and
CEN members. Additionally, the right posterior parietal cortex
was unique in its correlation with both the SN and DMN,
making it the only node to correlate with all three networks.
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Figure 3. Connectivity graphs for the cheating group at three time points: before peak tension (Time Point 1), at peak tension (Time
Point 2), and after tension release (Time Point 3) (n = 20). Sub-figures (A-C) show the circular functional connectivity graphs for Time
Points 1, 2, and 3, respectively; sub-figures (D-F) show the network layout graphs for Time Points 1, 2, 3, respectively; and sub-figures (G-I)
show the connectivity matrices for Time Points 1, 2, and 3, respectively. Nodes represent ROIs within the Salience Network (SN), Default
Mode Network (DMN), and Central Executive Network (CEN), and edges represent significant functional connections (threshold set atr > 0.2).
Graph density increased from 0.3378 in sub-figure (D) before tension to 0.4711 in sub-figure (E) at peak tension and then decreased to 0.3911
in sub-figure (F) after tension release. The increased clustering of DMN nodes at peak tension suggests heightened internal communication

during anxiety. Abbreviations defined in Table 1.

Aside from graph density, a direct comparison between
the correlation coefficients in the correlation matrices was
performed to evaluate the strength of connectivity both within
and between networks (Figure 2). The averaged r values
were compared between the cheating and the control groups
using a t-test.

The correlation coefficients between the nodes in the
CEN and SN showed no significant difference in connectivity
strength between the groups (t(38) = 1.7224, p = 0.0931)
(Figure 2). Similarly, connectivity strength between the CEN
and DMN did not differ significantly between the groups (1(38)
= 0.7865, p = 0.4364) (Figure 2). The comparison between
the SN and DMN also showed no significant difference in
connectivity strength (t(38) = 2.0116, p = 0.0514), although it
was trending in that direction (Figure 2). Connectivity within
each of the three networks also did not differ significantly
between the two groups (DMN: (38) = 0.0760, p = 0.9398;
SN: t(38) = 0.9350, p = 0.2214; CEN: t(38) = 1.2580, p =
0.2161) (Figure 2). Together, these results suggest that the
group difference at peak tension was reflected in overall
network density rather than in specific pairwise or within-
network connectivity strengths.

In addition to comparing network connectivity between
groups at the peak of tension, we examined how connectivity
patterns in the cheating group evolved across time points
corresponding to tension buildup, peak tension, and
post-tension release (Figure 3). Overall network density
dynamically followed the narrative arc, increasing from
0.3378 before the tension peak (Time Point 1) to a maximum
of 0.4711 at the peak (Time Point 2), before decreasing to
0.3911 after the tension release (Time Point 3).

Although at the conventional alpha level of 0.05 (p > 0.05
for the other time point comparisons), the trend observed
between the ‘before peak’ and ‘peak’ time points (p =
0.0575) suggests potential dynamic alterations in functional
connectivity patterns occur over time as participants in the
cheating group experience the buildup and resolution of
tension in the story.

DISCUSSION

This study investigated how anxiety induced by naturalistic
story listening affects functional connectivity within the
triple network model, hypothesizing that anxiety would
alter connectivity patterns within and between the salience
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network, default mode network, and central executive network.
Consistent with our hypothesis, we found significantly higher
overall network density in participants presumed to be
experiencing anxiety (the ‘cheating’ group) compared to the
control group during the story’s peak tension. This increased
density suggests heightened communication and integration
across the SN, DMN, and CEN under anxiety. Furthermore,
our analysis revealed dynamic changes in connectivity
corresponding to the narrative tension arc and highlighted a
potential bridging role for the CEN between the SN and DMN
during peak anxiety.

These findings provide empirical support for the idea that
an anxious state modulates large-scale network interactions.
The greater network density observed in the cheating group
likely reflects increased communication demands as the brain
processes the heightened emotional salience and tension
inherent in the anxiety-inducing narrative context. The SN
is known to be active in detecting and orienting attention to
salient stimuli (3), the DMN is involved in emotional regulation
and self-reflection (6, 7), and the CEN in this case may
have worked as a hub for effective communication (1). The
resulting increase in collaboration across networks supports
our prediction that anxiety alters their functional connectivity
patterns.

We also observed trends throughout the tension buildup,
peak tension, and tension release. After tension release,
decreased connectivity was observed between the three
networks. The DMN’s medial prefrontal cortex communicated
with the SN before and at peak tension, but greatly decreased
communication with the SN after tension release. This
might be related to the medial prefrontal cortex’s function
in processing social information, as well as in self-reflection
and personal perception (15, 16). Therefore, after the bulk of
emotional processing is done, the communication with the
SN might decrease as the need for emotional regulation and
processing diminishes.

The patterns we observed based on the triple network
model may have implications for future research in anxiety
disorders. Dysfunctions and anomalies across these networks
have been associated with many clinical symptoms (1). For
example, an overactive DMN may contribute to increased
self-referential thought in depression and PTSD and altered
DMN structure is linked to autism spectrum disorder (17).
Impairments in the SN are believed to contribute to conditions
like schizophrenia and ADHD (18-21). Likewise, overactivity
in the CEN is thought to lead to obsessive-compulsive
disorder, while weakened connections between the amygdala
and the dorsolateral prefrontal cortex (dIPFC) are known to
relate to anxiety disorder (22, 23). Our finding that acute
anxiety heightens connectivity between these networks may
provide a notable feature for studying these clinical disorders.

One limitation of the current study is that our interpretations
rely on the assumption that the cheating group experienced
more anxiety and tension than the control group. The original
study only compared similarities and differences between
the two groups and did not discuss the data in the context
of tension and anxiety (14). Thus, there was no objective
measure in the dataset indicating that the cheating group
experienced more anxiety. Nevertheless, the observed
differences in brain network connectivity between the groups

https://doi.org/10.59720/24-360

strongly suggest that the narrative context successfully
affected the participants’ psychological state. This is
particularly supported by the significantly higher network
density and distinct interaction patterns involving the CEN in
the cheating group at peak tension.

The goal of this study was to explore how anxiety
and tension affect connectivity patterns within the ftriple
network model during naturalistic story listening. Our results
demonstrated increased functional connectivity between
nodes of the DMN, SN, and CEN, when participants
experienced anxiety due to heightened tension in the story.
Characterizing brain connectivity patterns under anxiety
may help create more accurate diagnoses and personalized
treatment for mental disorders.

MATERIALS AND METHODS
Procedures

This study performed an original analysis of the publicly
available dataset “Pretty Mouth and Green My Eyes,” which
comprised 40 subjects categorized into two groups: cheating
and control (14). These subjects listened to an adapted
version of the short story “Pretty Mouth and Green My Eyes”
by J. D. Salinger (14). The adapted version included some text
that was not in the main story and was also shorter. The audio
was 11 min and 32 seconds long, including 18 seconds of
neutral music followed by 3 seconds of silence. This was then
followed by an additional 15 seconds of silence. The reading
was recorded by a professional actor. The story is about
Arthur and Lee, two friends, having a phone conversation.
Arthur is worried after losing his wife at a party and is calling
Lee for support. Lee is at home with a woman by his side,
though it is uncertain if she may or may not be Arthur’s wife.
The control group was given the context that Arthur’s wife
is not cheating on him (that is, the woman with Lee is not
Arthur’s wife), while the cheating group was given the context
that Arthur’s wife is cheating on him (that is, the woman with
Lee is Arthur’s wife). These contexts made the story more
tense and anxious for the cheating group. After obtaining the
fMRI scan, the subjects were assessed using a questionnaire
to determine comprehension.

fMRI Data Acquisition

The raw data were originally acquired as described by
Yeshurun et al. (14). Briefly, subjects underwent 3T MRI scans
using a full-body scanner with foam padding to minimize
head movement. MRI-compatible earbuds delivered the
audio stimuli, and noise-canceling headphones were used for
auditory isolation. Functional MRI data were acquired using a
3T Siemens Skyra full-body MRI scanner with a 12-channel
head coil. The T2*-weighted echo-planar imaging pulse
sequence parameters included a repetition time (TR) of 1,500
ms, echo time (TE) of 28 ms, and a flip angle of 64°. Each
volume comprised 27 interleaved slices of 4-mm thickness
without a gap, with an in-plane resolution of 3 x 3 mm? and a
field of view of 192 x 192 mm?2.

Preprocessing and Denoising of fMRI Data

For this study, we conducted all preprocessing, denoising,
and first-level connectivity analyses using the CONN toolbox
running in MATLAB (24). The raw functional data underwent
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the default preprocessing pipeline within CONN, including
realignment, slice-timing correction, outlier detection
(using ART), segmentation, normalization to MNI space,
and smoothing, using the toolbox’s default parameters as
detailed in the CONN documentation and boilerplate text
(25). Denoising was performed using CONN’s default pipeline
(CompCor strategy).

Regions of Interest (ROI)

Specific regions of interest within the triple network model
encompassing the DMN, the SN, and the Fronto-Parietal
Network were defined. These ROIs were determined by
extracting spherical regions with a 10-voxel radius around
peak coordinates provided by the CONN toolbox. These
spherical ROls ensure there is comprehensive coverage of
the relevant brain areas.

Time Points of Interest

To examine the effect of tension and anxiety on the triple
network model, we specified excerpts from the adapted
“Pretty Mouth and Green My Eyes” audio. One such portion
was Lee’s sudden desire to visit Arthur during their phone
call. The time points used for the phone call were 288-305
TRs (432.0-457.5 sec).

Computation of Functional Connectivity and Graph
Theory

Functional connectivity was assessed by extracting
spherical ROIs and computing the average BOLD signal
within these ROIls. The correlations between BOLD signals
across these ROls were then calculated, resulting in a
correlation matrix for each subject.

Pairwise correlations between all the ROIs represented
connectivity between network nodes, and a threshold of
r = 0.2 was used to remove weak or negative connectivity.
The correlation matrix was computed separately for the two
groups. We then calculated the overall network densities
for each of the two graphs, which measures the proportion
of connections relative to all possible connections. The
network densities and individual node connectivity were then
compared between the two groups.

Statistical Analysis

To determine if the observed difference in overall network
density was statistically significant, a non-parametric
permutation test was employed. The group labels (cheating
vs. control) were randomly shuffled 100,000 times, and the
difference in network density was recalculated for each
permutation to build a null distribution.

To compare the strength of connectivity, independent
samples t-tests were used to compare the average correlation
coefficients between the cheating and control groups. The
threshold for statistical significance was set at p < 0.05 for all
tests.
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