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ABSTRACT

Fluid reasoning is the ability to think flexibly and logically, analyze novel problems and identify the rela-
tionships that underpin these problems independent of acquired knowledge. Although many functional
imaging studies have investigated brain activation during fluid reasoning tasks, the neural correlates of
fluid reasoning remain elusive. In the present study, we aimed to uncover the neural correlates of fluid
reasoning by analyzing correlations between Raven'’s Standard Progressive Matrices (RSPM), an effective
measure of fluid reasoning, and measures of regional gray matter volume (GMV) and regional homogene-
ity (ReHo) in a voxel-wise manner throughout the whole brain in 297 healthy young adults. The most
important finding was that RSPM scores were positively correlated with both GMV and ReHo values in
brain areas that belong to the salience network, including the dorsal anterior cingulate cortex and the
fronto-insular cortex. Additionally, we found positive or negative correlations between RSPM scores and
GMV or ReHo values in brain areas of the central-executive, default-mode, sensorimotor and visual net-
works. Our findings suggest that fluid reasoning ability is related to a variety of brain areas and emphasize

the important contribution of the salience network to this ability.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

In cognitive psychology, fluid reasoning refers to the capac-
ity of relational reasoning that is used to identify relationships,
comprehend implications and draw inferences in a novel context.
Empirically, it is not only considered as a higher cognitive fac-
tor that is central to general intelligence [1] but also is strongly
associated with working memory and g factor [2]. Fluid reason-
ing capacity influences how fast and how much a person learns
and affects their ability to manage and manipulate information
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during the reasoning process [3]. A widely used neuropsycholog-
ical test, Raven’s Progressive Matrices (RPM), is broadly accepted
as a culture-free, nonverbal measure of an individual’s capacity of
fluid reasoning [4]. The capacity of fluid reasoning is thought to be
responsible for an individual’s performance in a broad variety of
cognitive tasks.

The neural substrates of fluid reasoning have been extensively
investigated by functional imaging studies using healthy partici-
pants who performed a variety of reasoning tasks [5-12]. Using
the RPM or its derivatives as experimental tasks, several functional
magnetic resonance imaging (fMRI) and positron emission tomog-
raphy (PET) studies showed activation in the medial and lateral
prefrontal and posterior parietal cortices during the fluid reason-
ing process [1-3,5,6,9,10,13]. Although these task-based functional
imaging studies can identify brain regions engaged in the reasoning
process, they cannot identify the neural correlates of the capacity of
fluid reasoning because while functional imaging measures active
processing, capacity itself is not a process but rather a constraint on
processing. To identify the neural correlates of the capacity of fluid
reasoning, a few task-based fMRI studies investigated correlations
between the magnitude of brain activation and individual RPM
scores and found significant correlations in the lateral prefrontal
and parietal cortices [1,14,15].

In addition to task-based functional imaging studies, other
imaging techniques have been applied to study the neural cor-
relates of the capacity of fluid reasoning. Most of these studies
were designed to investigate general intelligence as assessed by
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the intelligence quotient (IQ) score, an integrated reflection of
crystal and fluid intelligence [16]. Structural MRI studies found
that regional gray (GMV) and white matter volumes of widely dis-
tributed brain areas were correlated with IQ in healthy individuals
[17-21]. Diffusion MRI showed that the integrity of some white
matter fiber tracts and the efficiency of brain structural organiza-
tion are associated with general intelligence [22-24]. Resting-state
fMRI revealed that an individual’s IQ score can be predicted
by Regional Homogeneity (ReHo), functional connectivity and
functional network efficiency [25-27]. However, these studies
cannot exclusively reflect the neural substrate of fluid reasoning
because only the fluid intelligence component of 1Q reflects the
capacity of fluid reasoning. With regard to the neural correlates of
fluid reasoning in healthy adults, only one study has investigated
correlations between GMV and fluid intelligence. The results
emphasized the importance of the medial prefrontal cortex in fluid
intelligence [28], although several studies on different patient
populations have detected correlations between alterations in
GMV and cognitive deficits as measured by RPM [29,30].

Taken together, there is lack of comprehensive studies that
used a large sample of healthy subjects to investigate the neu-
ral correlates of the capacity of fluid reasoning. In the present
study, we aimed to address the question by analyzing corre-
lations between RPM scores and regional GMV and ReHo in a
voxel-wise manner throughout the whole brain in a large sam-
ple of 297 healthy young adults. The combination of structural
and resting-state functional MRI data may improve our under-
standing of the neural correlates of individual differences in fluid
reasoning.

2. Materials and methods
2.1. Participants

A total of 324 right-handed, healthy, young adults were recruited via adver-
tisements. The participants had not suffered from any psychiatric or neurological
disorders and did not have any contraindications to MRI scan. Conventional brain
MRI scans were performed on all subjects, and these did not reveal any visible
lesions. Among the participant pool, 16 participants were excluded due to a lack
of behavioral data, 2 participants were excluded due to poor image quality and 9
participants were excluded due to extremely low scores on the Chinese RSPM norm
(for details see Table S1-S3 in Supplementary Materials). Therefore, for VBM anal-
yses, 297 healthy participants (156 females, 141 males) were included in the study.
For ReHo analysis, 13 participants were excluded due to excessive head motions,
resulting in 284 participants (152 females, 132 males). All subjects signed a written,
informed consent form that was approved by the Medical Research Ethics Commit-
tee of Tianjin Medical University.

2.2. Behavioral examination

The RPM is designed to test the ability to reason and solve new problems
without relying extensively on declarative knowledge derived from schooling or
previous experience [31]. As stated by Snow et al. [4], the RPM test is often regarded
as an ideal measure of fluid reasoning that requires verbal, spatial and math-
ematical problem-solving abilities [4]. Matrix tests are composed of a series of
nonverbal pictures that are visually incomplete and the response must be chosen
from an array of possible answers. In this study, we chose to use Raven’s Stan-
dard Progressive Matrices (RSPM) [32] as a test for the capacity of fluid reasoning.
The RSPM consists of 60 matrix-reasoning problems, with increasing complexity
and difficulty, in which participants must identify relevant visual features based
on the spatial organization of an array of visual stimuli and then select one of
several possible answers that matches these identified features. In our examina-
tion, all participants were told to study each problem until they had determined
the best answer, with no explicit time limit. The RSPM score of each subject
is the number of correct items out of 60 possible items, but it is not a scaled
score.

2.3. MR data acquisition

MR images were acquired by a 3.0 T MR scanner (Signa Excite HDx; GE Health-
care, Milwaukee, WI). Tight but comfortable foam padding was used to minimize
head motion, and earplugs were used to reduce scanner noise. Resting-state
fMRI scans were performed by an echo planar imaging (EPI) sequence with scan

parameters of repetition time (TR)=2000ms, echo time (TE)=30ms, flip angle
(FA)=90°, matrix=64 x 64, field of view (FOV)=240mm x 240 mm, slice thick-
ness=4mm without gap. Each brain volume comprised 40 axial slices, and each
functional run contained 180 volumes. During fMRI scans, all subjects were
instructed to keep their eyes closed, to stay as motionless as possible, to think of
nothing in particular and not to fall asleep. Finally, a high-resolution T1-weighted
brain volume (BRAVO) 3D MRI sequence with 176 contiguous sagittal slices was
performed with the following scan parameters: TR=8.1ms, TE=3.1ms, inver-
sion time =450 ms, FOV =256 mm x 256 mm, slice thickness = 1.0 mm without gap,
FA=13°, matrix=256 x 256. The resting-state fMRI data took 6 min and 10s to
acquire for each subject.

2.4. Data analysis

2.4.1. VBM analysis

The VBM analysis was performed using Statistical Parametric Mapping (SPMS;
http://www.fil.ion.ucl.ac.uk/spm/software/spm8). The structural MR images were
segmented into gray matter (GM), white matter and cerebrospinal fluid using
the standard unified segmentation model in SPM8. Following segmentation, GM
population templates were generated from the entire image dataset using diffeo-
morphic anatomical registration through the exponentiated Lie algebra (DARTEL)
technique [33]. After an initial affine registration of the GM DARTEL template
to the tissue probability map in Montreal Neurological Institute (MNI) space
(http://www.mni.mcgill.ca/), non-linear warping of GM images was performed to
the DARTEL GM template in MNI space with a resolution of 1.5mm?3 (as rec-
ommended for the DARTEL procedure). The GMV of each voxel was obtained by
multiplying the GM concentration map by the non-linear determinants derived from
the spatial normalization step. Finally, to compensate for residual between-subject
anatomical differences, the GMV images were smoothed with a FWHM kernel of
8 mm. In effect, the analysis of modulated data tests for regional differences in the
absolute volume of brain and removes the confounding effect of variance in individ-
ual brain sizes. After spatial pre-processing, the smoothed, modulated, normalized
GMV maps were used for statistical analysis.

Voxel-based partial correlation analyses were carried out to test correlations
between GMVs and RSPM scores. Age and gender were entered as covariates of
no interest. Correction for multiple comparisons was performed using Monte Carlo
simulation. A corrected threshold of P<0.01 (two-tailed) was derived from a com-
bined threshold of P<0.01 for each voxel, and a cluster size of >628 voxels was
determined using the AlphaSim program in AFNI software (Parameters: single voxel
P=0.01, 5000 simulations, FWHM =8 mm, cluster connection radius=2.5 mm with
gray matter mask, http://afni.nimh.nih.gov/).

2.4.2. ReHo analysis

Preprocessing and statistical analysis of the resting-state fMRI data were con-
ducted using SPM8 (http://www.filion.ucl.ac.uk/spm/software/spm8). The first 10
volumes of each functional time series were discarded to allow the longitudinal
magnetization to reach a steady state and to allow participants acclimate to the
scanning environment. The 170 remaining images were corrected for acquisition
time delay between different slices and realigned to the first volume. Head motion
parameters were computed by estimating translation in each direction and angular
rotation on each axis for each volume, which provided a record of head position.
We controlled for head motion using a threshold of 2.0 mm translation in any car-
dinal direction and 2.0° rotation in each of the orthogonal x, y and z axes. After
applying these parameters, only 284 subjects satisfied the requirements for inclu-
sion. The realigned functional volumes were then spatially normalized to the MNI
space using the normalization parameters estimated by T1 structural image unified
segmentation, re-sampled to 2-mm? voxel and smoothed with a Gaussian kernel of
4mm full width at half maximum (FWHM). Several sources of spurious variance,
including estimated motion parameters, linear drift, and average BOLD signals in
ventricular and white matter regions, were removed from the data through lin-
ear regression. After the removal of variance, a temporal filtration (0.01-0.08 Hz)
was performed to reduce the effect of low-frequency drifts and high-frequency
noise.

Kendall’s coefficient of concordance (KCC) was used to measure the correlation
of the time series of a given voxel with the time series of its 26 nearest neighbors.
Individual ReHo maps were generated by calculating KCC within a gray matter mask
in a voxel-wise manner using REST software (http://restfmri.net/forum/index.php).
When the center cube was on the edge of the gray matter mask, we only calculated
ReHo for a voxel if all of remaining nearest voxels were within the gray matter mask.
For each subject, KCC maps were normalized by dividing KCC in each voxel by the
mean KCC of total gray matter [34].

Voxel-based partial correlation analyses were performed to test correlations
between ReHo values and RSPM scores. Age and gender were entered as covariates
of no interest. Correction for multiple comparisons was performed using Monte
Carlo simulation. A corrected threshold of P<0.01 (two-tailed) was derived from a
combined threshold of P<0.01 for each voxel and a cluster size of >71 voxels was
determined using the AlphaSim program in AFNI software (Parameters: single voxel
P=0.01, 5000 simulations, FWHM =4 mm, cluster connection radius =3.3 mm, with
gray matter mask, http://afni.nimh.nih.gov/).

(2012), doi:10.1016/j.bbr.2012.01.037

Please cite this article in press as: Yuan Z, et al. The salience network contributes to an individual’s fluid reasoning capacity. Behav Brain Res



dx.doi.org/10.1016/j.bbr.2012.01.037
http://www.fil.ion.ucl.ac.uk/spm/software/spm8
http://www.mni.mcgill.ca/
http://afni.nimh.nih.gov/
http://www.fil.ion.ucl.ac.uk/spm/software/spm8
http://restfmri.net/forum/index.php
http://afni.nimh.nih.gov/

G Model
BBR-7508; No.of Pages7

Z. Yuan et al. / Behavioural Brain Research xxx (2012) xxX—Xxx 3

Table 1

Demographic and behavioral data. A total of 297 subjects were included in the voxel-
based morphometry (VBM) analysis. From that sample, 284 subjects were included
in the regional homogeneity (ReHo) analysis.

Items Total subjects
VBM analysis
No. of subjects 297
Males/females 141/156
Age (years) 22.7+£2.5(18-29)
RSPM score 53.5+5.5(34-60)
ReHo analysis
No. of subjects 284
Males/females 132/152
Age (years) 22.8+2.4(18-29)
RSPM score 53.6+5.5(34-60)

Abbreviations: ReHo, regional homogeneity; RSPM, Raven’s Standard Progressive
Matrices; VBM, voxel-based morphometry.

3. Results
3.1. Demographic and behavioral data

The demographic and behavioral data are shown in Table 1. A
total of 297 healthy participants (156 females, 141 males) were
included in the VBM analysis, whereas 284 subjects (152 females,
132 males) were included in the ReHo analysis. The RSPM scores for
all subjects ranged from 34 to 60. There were no significant gender
differences (P>0.05) in RSPM scores and no significant correlation
between age and RSPM score in subjects for either the VBM analysis
or the ReHo analysis.

3.2. Correlation between GMV and RSPM score

After correcting for multiple comparisons, RSPM scores were
positively correlated with GMVs in the right fronto-insular cor-
tex (FIC), the left anterior cingulate cortex (ACC) of the salience
network, the bilateral temporal poles, the orbitofrontal cortices
(OFC), the occipital lobes, and the left parahippocampal (PHG) and
fusiform gyri (FG) (Table 2 and Fig. 1). There was no brain area
whose GMV was negatively correlated with RSPM scores.

3.3. Correlation between ReHo and RSPM score

Under the same thresholds used in the VBM analysis, RSPM
scores were positively correlated with ReHo values in the right FIC
of the salience network, the right middle frontal gyrus and tem-
poral pole, and the left fusiform (FG) and parahippocampal gyri
(PHG) (Table 3 and Fig. 2). In contrast, RSPM scores were negatively
correlated with ReHo values in the bilateral sensorimotor cortex,
the posterior cingulate cortex, the precuneus and the right inferior
parietal lobule of the default-mode network (DMN) (Table 3 and
Fig. 2).

Table 2

4. Discussion

The present study combined VBM analysis of structural MRI data
and ReHo analysis of resting-state fMRI data to investigate the neu-
ral correlates of the capacity of fluid reasoning as measured by
RSPM in a large sample of 297 healthy young adults. We found that
RSPM scores were positively correlated with both GMV and ReHo in
brain areas belonging to the salience network, including the dorsal
ACC (dACC) and FIC, suggesting an important contribution of the
salience network to the capacity of fluid reasoning.

The salience network mainly consists of the dACC and FIC and
serves to identify the most relevant internal or extrapersonal stim-
uli to guide behavior [35]. Converging evidence suggests that the
right FIC plays a critical and causal role in switching between
the central executive network (CEN) and the DMN [36]. These
networks are known to interact competitively during cognitive
information processing [37,38]. The functional roles of nodes of
the salience network have been hypothesized. The anterior insula
(Al) is involved in the transient detection of salient stimuli and
the initiation of attentional control signals that are sustained by
the dACC and the ventrolateral and dorsolateral prefrontal cortices
[39]. Specifically, the Al serves to identify salient stimuli from the
vast and continuous stream of visual, auditory, tactile and other
sensory inputs. Once a salient stimulus is detected, the Al initiates
appropriate transient control signals to engage brain areas of the
CEN that mediate attentional control, working memory and other
higher order cognitive processes while disengaging the DMN via
the von Economo neurons (VENs) [40] characterized by large axons
which facilitate rapid relay of Al and dACC signals to other corti-
cal regions [41]. Importantly, the switching mechanism helps to
focus attention on external stimuli, and as a result, the identified
stimulus takes on added significance or saliency [39]. Our finding
that RSPM scores were positively correlated with both GMV and
ReHo of brain areas of the salience network, especially the right
FIC, suggests the importance of the development of the salience
network for the capacity of fluid reasoning. This inference is sup-
ported by the following findings: (1) anatomically, several studies
have revealed that gray matter volume and cortical thickness of
brain areas of the salience network are positively correlated with
1Q scores [28,42-44]; (2) functionally, fluid reasoning tasks are fre-
quently reported to activate the FIC and dACC [1,2,6,10,15,45-47];
(3) the right uncinate fasciculus, an important white matter tract
that is related to the salience network, has been reported to be
related to individual intelligence [22]; (4) abnormalities in the
salience network have been reported in frontotemporal demen-
tia, characterized by deficits in social-emotional and executive
functions [48,49]. Additionally, the cerebellar lobule VI is also a
node of the salience network [50] and is involved in response
correctness during a RPM-like task [3], which may explain the cor-
relation we found between the ReHo of this structure and RSPM
scores.

Brain areas whose gray matter volumes show significant correlations with RSPM scores.

Brain regions Brodmann areas

Cluster size (voxels) Peak t values Peak coordination in MNI (x, y, )

Right FIC 13/47
Right temporal pole 38

Left ACC 32
Bilaeral OFC 10/11/25
Left PHG, FG 20/35/36
Bilateral occipital lobes 17/18
Left sensorimotor cortex 3/4/6
Right mid-cingulate cortex and medial parietal lobe 5/24/31
Left temporal pole 38

8712 5.02 —14,39, 21
1041 4.79 —24,-30,-23
1960 4.45 30,-93, -6
1385 3.96 —41, -20, 65
1626 3.50 5,-42,59
710 3.47 —-35,0,-29

Abbreviations: ACC, anterior cingulate cortex; FIC, fronto-insular cortex; FG, fusiform gyrus; MNI, Montreal Neurological Institute; OFC, orbitofrontal cortex; PHG, parahip-

pocampal gyrus; RSPM, Raven’s Standard Progressive Matrices.
" P<0.01, corrected.
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Fig. 1. Brain areas in which gray matter volumes (GMVs) show significant correlations (P<0.01, corrected) with Raven’s Standard Progressive Matrices (RSPM) scores in 297
healthy young adult subjects as revealed by partial correlation analysis controlling for sex and age.

As previously stated, the main function of the salience network
is to initiate the CEN and inhibit the DMN, which is consistent with
our finding that the RSPM scores were positively correlated with
ReHo values in brain areas of the CEN but negatively correlated with
those in the DMN. Specifically, the RSPM scores were positively
correlated with GMV and ReHo values in the right rostrolateral pre-
frontal cortex (RLPFC) and the left fusiform and parahippocampal
gyri, which are components of the CEN. Activation in the RLPFC
has been reported in a wide variety of tasks including attention,
working memory and episodic retrieval tasks [51,52]. Moreover,
the RLPFC has consistently been implicated in fMRI studies of rea-
soning tasks [5,8-11,52], is thought to be modulated by relational
complexity [8] and is engaged in relational integration and com-
parison when dealing with relational information associated with

Table 3

a problem such as RPM [9,11,53]. The correlations between RSPM
scores and GMV and ReHo values of the left FG and PHG are not
surprising given that these regions are involved in memory pro-
cessing [54]. Our results are further supported by studies that found
that ReHo values [24], GMV [17,20] and cortical thickness [44]
in these areas were correlated with 1Q scores in healthy adults.
In contrast, significant negative associations were found between
RSPM scores and ReHo values in the PCC/Pcu and right inferior
partial lobule, core nodes of the DMN. The DMN is preferentially
activated when an individual focuses on internal tasks such as day-
dreaming, retrieving a memory or envisioning the future, and is
routinely deactivated in response to cognitively demanding tasks
[37,38,55,56]. Our findings support the hypothesis that a superior
capacity of fluid reasoning may be related to better development

Brain areas whose ReHo values show significant correlations (P<0.01, corrected) with RSPM scores.

Brain regions Brodmann areas

Cluster size (voxels)

Peak t values Peak coordination in MNI (x, y, z)

Positive correlations

Right middle frontal gyrus 10/11 380
Right FIC 47 106
Right anterior temporal lobe 21/38 465
Left FG, PHG and cerebellar lobule VI 20/36/37 163
Negative correlations
Right inferior parietal lobule 40 201
Right sensorimotor cortex 3/4 116
PCC/Pcu 7/31 491
Left sensorimotor cortex 4/6 85

416’ 40, 50, -4
408 34,18, —24
405 50,12, —24
3.53 ~36, -44, -30
-3.87 32,-38,44
~3.86 10, —24, 50
~3.80 6,-72,26
~3.50 —30, —14, 46

Abbreviations: FIC, fronto-insular cortex; FG, fusiform gyrus; MNI, Montreal Neurological Institute; PCC/Pcu, posterior cingulate cortex/precuneus; PHG, parahippocampal

gyrus; ReHo, regional homogeneity; RSPM, Raven’s Standard Progressive Matrices.
" P<0.01, corrected.
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Fig. 2. Brain areas in which regional homogeneity (ReHo) values show significant correlations (P<0.01, corrected) with Raven’s Standard Progressive Matrices (RSPM)
scores in 284 subjects as revealed by partial correlation analysis controlling for sex and age. Red denotes positive correlations, and blue denotes negative correlations. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of the article.)

of the salience network and CEN and poorer development of the
posterior part of the DMN.

Neuropsychological studies have shown that the OFC is impli-
cated in reasoning. Based on lesion and functional imaging studies,
Elliotto proposed that the OFC is primarily involved in the processes
of making responses, monitoring associations, and making further
choices using previous information [57]. A VBM study showed that
the GMV of OFC (BA11) was positively correlated with IQ [19]. More
recently, a diffusion MRI study demonstrated that the right unci-
nate fasciculus, a white matter tract connecting the anterior part
of the temporal lobe to the orbitofrontal cortex, was the only tract
whose integrity was correlated with intelligence in healthy adults
[22]. These findings are consistent with our findings of correlations
between RSPM scores and GMV and ReHo values in the anterior
temporal cortex and OFC in healthy young subjects.

The visual cortex is involved in updating information in working
memory by making comparisons among visual images and modu-
lating visual attention. These functions are critically important for
dealing with fluid reasoning tasks. Therefore, it is reasonable that
a positive correlation was detected between GMVs of the visual
cortex and RSPM scores in our study, and this correlation is con-
sistent with the positive correlations found between GMVs and I1Q
[20,42] and activation of the visual cortex during a variety of cogni-
tive tasks, particularly RPM relational reasoning [3,5,7,45,46]. The
results of our study, in addition to those of the studies mentioned
above, suggest that the visual cortex may play an important role
in the performance of tasks that use non-verbal visuospatial con-
texts to assess fluid reasoning. This hypothesis is also supported
by studies of autistic children who had superior visuospatial abil-
ity but inferior semantic performance and showed significantly
increased activation [45] and cortical thickness [58] in the visual
cortex.

Despite the fact that sensorimotor areas are mainly involved
in receiving sensory inputs and planning and executing volun-
tary motor movements, the GMVs of these areas were positively
correlated with IQ [17,19] and visuospatial cognition processing
[59], a critical capability for solving reasoning problems. Moreover,
the sensorimotor areas were frequently activated during cogni-
tive tasks associated with relational reasoning [12,46,60]. In the
parietal-frontal theory of intelligence model (P-FIT), sensorimotor
areas are engaged in generating appropriate responses in the final
processing of intelligence [47]. Our finding of a positive correla-
tion between RSPM scores and GMVs of these areas is consistent
with the findings mentioned above. However, we also found a neg-
ative correlation between ReHo values of these areas and RSPM
scores. That is to say, individuals with lower RSPM scores had
higher ReHo values in the sensorimotor areas (See Fig. S1 in Sup-
plementary Materials), which may reflect functional compensation
for the lower capacity of fluid reasoning to maintain normal cogni-
tive function in these subjects. This hypothesis will require further
validation.

There are several limitations to this study. An important limita-
tion of this study is that we did not conduct task-based functional
MRI on our subjects. As such, we cannot directly verify the role
of the salience network on RSPM problem-solving processing.
Another limitation is the lack of a control measure that would
examine goal-oriented tasks with lower cognitive load. Thus, we
cannot exclude the possibility that the salience network would be
engaged regardless of the goal-oriented task. We analyzed correla-
tions of anxiety scores as assessed by the Self-Rating Anxiety Scale
[61] with GMV and ReHo and found that anxiety scores were not
correlated with the GMV or ReHo of the salience network (under the
same thresholds used in RSPM analysis; see Figs. S2 and S3 in Sup-
plementary Materials). Therefore, we speculate that the structural
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and functional characteristics of the salience network are related
to goal-oriented tasks (such as RSPM) but are not inevitably related
to other psychometric measures (such as anxiety scores). Further
studies are needed to clarify the issue.

In conclusion, we investigated the neural correlates of the capac-
ity of fluid reasoning by combining structural and functional MRI
analyses in a large sample of healthy young adults. We found that
RSPM scores were correlated with GMVs and ReHo in brain areas of
the salient, central executive, default-mode, visual and sensorimo-
tor networks. Our results emphasize the important contribution of
the salience network to one’s capacity for fluid reasoning.
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