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Introduction

Beyond abnormal activity of focal brain areas,1 aberrant func-
tional interactions between brain regions are thought to be a 
core feature of schizophrenia.2–4 Among the current issues re-
lated to this influential idea is whether abnormal functional 
connectivity in patients with schizophrenia is context-
dependent.5 Resting-state fMRI characterizes intrinsic func-
tional brain connectivity, which is guided by endogenous pro-
cesses and spontaneous thoughts in the absence of any 
explicit task.6 Resting-state functional brain imaging in pa-
tients with schizophrenia has revealed a widespread func-
tional dysconnectivity between brain regions that are also 
known to exhibit abnormal levels of activation in relation to 
impairments in task performance and/or symptomatology.7–11 
However, a critical issue with the study of resting-state func-
tional connectivity in patients with schizophrenia is the poor 
control over the cognitive state of these individuals, which 
may confound the interpretation of the results. Patients with 
schizophrenia experience pronounced disturbances of 
thoughts and differ from controls with regards to their inter-
nal mentations and cognitive states during rest.12 The question 

of the context-independence of abnormal functional connectiv-
ity in patients with schizophrenia may thus be best adressed 
by characterizing such alterations using well-defined behav-
ioural paradigms. To date, research has focused on determin-
ing whether alterations in brain connectivity were further 
modulated by task complexity in single cognitive domains.13–15 
However, to our knowledge, there is no sufficiently powered 
study that specifically examined commonalities and differ-
ences in dysconnectivity across distinct cognitive tasks.16

In the present work, we sought to assess whether the de-
gree of cognitive similarity would impact the results by look-
ing at 2 cognitive domains that strongly differ from one an-
other, emotional versus visuomotor processing. We further 
distinguished the emotional processing task based on an ad-
ditional embedded component, either incidental learning or 
recognition memory. These 3 paradigms were studied with a 
connectome-wide general linear model analysis. We charac-
terized context-independent effects through commonalities in 
the main effects of abnormal functional connectivity across 
the 3 tasks. We evaluated context-dependent effects of abnor-
mal connectivity using interaction analyses that looked for 
changes in functional connectivity between tasks in patients 
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Background: Schizophrenia has been defined as a dysconnection syndrome characterized by aberrant functional brain connectivity. Using 
task-based fMRI, we assessed to what extent the nature of the cognitive context may further modulate abnormal functional brain connectivity. 
Methods: We analyzed data matched for motion in patients with schizophrenia and healthy controls who performed 3 different tasks. Tasks 1 
and 2 both involved emotional processing and only slighlty differed (incidental encoding v. memory recognition), while task 3 was a much 
different mental rotation task. We conducted a connectome-wide general linear model analysis aimed at identifying context-dependent and 
independent functional brain connectivity alterations in patients with schizophrenia. Results: After matching for motion, we included 
30 patients with schizophrenia and 30 healthy controls in our study. Abnormal connectivity in patients with schizophrenia followed similar 
patterns regardless of the degree of similarity between cognitive tasks. Decreased connectivity was most notable in the medial prefrontal cor-
tex, the anterior and posterior cingulate, the temporal lobe, the lobule IX of the cerebellum and the premotor cortex. Limitations: A more cir-
cumscribed yet significant context-dependent effect might be detected with larger sample sizes or cognitive domains other than emotional 
and visuomotor processing. Conclusion: The context-independence of functional brain dysconnectivity in patients with schizophrenia pro-
vides a good justification for pooling data from multiple experiments in order to identify connectivity biomarkers of this mental illness.
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with schizophrenia that exceed those seen in healthy controls. 
We expected that the patterns of functional connectivity 
would be modulated by the cognitive context, and more so for 
highly dissimilar tasks, in both participants with schizophre-
nia and healthy controls. We hypothesized that, provided 
context-dependent effects would be observed superimposed 
on widespread context-independent dysconnectivity patterns 
in patients with schizophrenia, small versus large degrees of 
cognitive difference between tasks would be associated with 
context-dependent effects of different amplitudes.

Methods

Participants

We recruited stable patients with schizophrenia (i.e., no re-
lapse within the last 2 months and no change in their anti
psychotic medication within the month preceding the study) 
and healthy controls to participate in this study. Schizophre-
nia was diagnosed according to DSM-IV, and patients under-
went full clinical assessment with the Positive and Negative 
Syndrome Scale (PANSS)17 and the vocabulary, similarities 
and block design subtests of the Wechsler Adult Intelligence 
Scale (WAIS). These subtests are among those that define the 
general ability index, which is clinically useful as a measure of 
cognitive abilities that are less vulnerable to impairments of 
processing and working memory. Control participants were 
screened using the nonpatient edition of the Clinical Inter-
view for DSM-IV (SCID). General exclusion criteria were age 
younger than 18 years or older than 45 years, past or present 
neurologic or Axis-I psychiatric disorder, alcoholism or drug 
abuse, noncompliance with testing procedures, or any contra-
indication for MRI (e.g., cardiac pacemaker, aneurysm clip).

The ethics committees of the Fernand-Seguin Research 
Centre, Louis-H Lafontaine Hospital and the Regroupement 
Neuroimagerie Québec approved our study protocol. In 
agreement with the Declaration of Helsinki, we obtained 
written informed consent from participants before the experi-
ment. The ability of patients with schizophrenia to give in-
formed consent was established using the guidelines of the 
Canadian Psychiatric Association.

Cognitive tasks

All participants performed 3 cognitive tasks administered 
during 1 fMRI scanning session. An in-depth description of 
the experimental tasks can be found elsewhere.18–20 Data in 
these activation fMRI studies were drawn from the same 
sample.

Task 118 was an emotional processing task in which par
ticipants were passively exposed to blocks of emotionally 
positive, negative and neutral pictures selected from the 
International Affective Picture System (IAPS).19 Because the 
series of images differed not only in valence, but also in 
arousal, there were 5 experimental conditions: positive con-
tent/high arousal, positive content/low arousal, negative 
content/high arousal, negative content/low arousal and 
neutral. Participants viewed 2 blocks of each condition, ex-

cept for the neutral condition, which was viewed in 4 blocks. 
Experimental blocks lasted 40 s and were administered in a 
random order. They were each preceded by 3 s of instruc-
tions and were followed by 15-s rest periods, during which a 
black screen was displayed. Although participants were not 
explicitly instructed to try and remember the images, they 
were told that a recognition memory task would subse-
quently follow. Task 1 thus assessed incidental encoding in 
addition to evaluating emotional processing.

Task 220 (note: this task occurred third in the sequence) was 
a retrieval of emotional information (presented in task 1) 
using the same structure and type of visual emotional stimuli 
as in task 1. In this case, however, 50% of stimuli were new, 
and participants were asked to determine if each image had 
been presented earlier.

Task 321 was a mental rotation task in which participants 
had to determine whether 2 black and white drawings of 
3-dimensional (3-D) shapes were identical or mirror images 
of each other.22 This task was presented second in the se-
quence, between incidental encoding and subsequent re-
trieval of emotional information, and as such served as a dis-
tractor task to prevent mental rehearsal of emotional 
material. In the experimental condition, 1 shape was rotated 
along its vertical axis relative to the other shape. In half the 
trials, the figures were identical, whereas in the other half 
they were mirror images. In the control condition, partici-
pants viewed the unrotated identical or mirror 3-D draw-
ings. Participants were presented with 4 blocks of each con-
dition, with a different pair of shapes every 4.75 s, on 
average. Experimental blocks lasted 40 s and alternated 
with one another. They were each preceded by 3 s of in-
structions and were followed by 15-s rest periods, during 
which a black screen was displayed.

Functional MRI data acquisition

We acquired brain imaging data on a 3 T MRI scanner 
(Magnetom Tim Trio, Siemens). We recorded 273 functional 
volumes per participant during both task 1 and task 2 and 
160 volumes during task 3. Functional T2*-weighted images 
were obtained using a blood oxygen level–dependent 
(BOLD) sensitive, single-shot echo planar sequence (repeti-
tion time [TR] 3000 ms, echo time [TE] 30 ms, flip angle [FA] 
90°, matrix size 64 × 64, voxel size 3.5 × 3.5 × 3.5  mm3, 
41 slices). The durations of data collection were 13.65, 13.65 
and 8 min, respectively, for tasks 1, 2 and 3. Structural T1*-
weighted scans were acquired using a gradient recalled se-
quence (TR 19 ms, TE 4.92 ms, FA 25°, matrix size 256 × 256, 
voxel size 1 × 1 × 1 mm3, 176 slices).

Functional MRI data preprocessing

The data sets were preprocessed and analyzed using the 
NeuroImaging Analysis Kit version 0.13.4 (NIAK; www​
.nitrc​.org/projects/niak/), under CentOS with Octave ver-
sion 3.6.1 (http://gnu.octave.org) and the Minc toolkit ver-
sion 0.3.18 (www.bic.mni.mcgill.ca/ServicesSoftware​
/ServicesSoftwareMincToolKit). Analyses were executed in 
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parallel on the “Guillimin” supercomputer www.calculquebec​
.ca/en/​resources/compute-servers/guillimin) using the pipe-
line system for Octave and Matlab (PSOM)23 version 1.2.1.

A detailed description of the pipeline can be found on the 
NIAK website (http://niak.simexp-lab.org/pipe_preprocessing​
.html). Briefly, each fMRI data set was corrected for slice 
timing, and a rigid-body motion was then estimated for each 
time frame, both within and between runs, as well as be-
tween 1 fMRI run and the T1 scan for each participant.24 
The T1 scan itself was nonlinearly coregistered to the Mon-
treal Neurological Institute (MNI) ICBM152 stereotaxic sym-
metric template25 using the CIVET pipeline.26 The rigid-body, 
fMRI-to-T1 and T1-to-stereotaxic transformations were all 
combined to resample the fMRI in MNI space at a 3 mm iso-
tropic resolution. The following nuisance covariates were 
regressed out from fMRI time series: slow time drifts (basis 
of discrete cosines with a 0.01 Hz high-pass cut-off), average 
signals in conservative masks of the white matter and the 
lateral ventricles as well as the first principal components 
(typically around 4–6 components depending on the partici-
pant) accounting for 95% variance of the 6 rigid-body mo-
tion parameters and their squares.27 The fMRI volumes were 
finally spatially smoothed with a 6 mm isotropic Gaussian 
blurring kernel.

There were large differences in head movement between 
patients with schizophrenia and controls. To minimize arti-
facts due to excessive motion, all volumes showing frame 
displacement (FD) greater than 0.5 mm were removed 
through a censoring method.28 To overcome the confound of 
motion retained after scrubbing (residual FD [rFD]), we 
matched the samples from the 2 populations for levels of re-
sidual motion. Matching the participants balanced the 
groups with respect to rFD, the number of scrubbed volumes 
and the number of volumes left after scrubbing, which are 
used in subsequent steps of the analysis.

Functional brain parcellation

We sought to characterize the effect of schizophrenia on 
functional connectivity between pairs of functionally rele-
vant, rather than anatomically defined, brain regions. To this 
end, we applied a bootstrap analysis of stable clusters 
(BASC)29 to identify brain clusters that consistently exhibited 
similar BOLD fluctuations in individual participants and 
that were spatially stable across participants. The BASC rep-
licates a hierarchical Ward clustering 1000 times and com-
putes the probability that a pair of voxels fall in the same 
cluster, a measure called stability. The stability matrix is fed 
into a clustering procedure to derive consensus clusters, 
which are composed of voxels with a high average probabil-
ity of being assigned to the same cluster across all replica-
tions. At the individual level, the clustering was applied to 
the similarity of regional time series, which was replicated 
using a circular block bootstrap. We applied consensus clus-
tering to the average individual stability matrix to identify 
group clusters. The group clustering was replicated via boot-
strapping of participants in the group. A consensus cluster-
ing was finally applied on the group stability matrix to gen-

erate group consensus clusters. We carried out the cluster 
procedure at a specific resolution, with 50 clusters, as this 
resolution has been suggested to have higher sensitivity for 
connectome-wide association analyses in our prior independ
ent work using the same methodology.30 These functional 
brain clusters, hereafter coined as regions, were generated 
using the concatenation of the 3 fMRI runs, thus encompass-
ing all cognitive contexts as well as short rest epochs.

Connectome-wide association analysis

For each task and each pair of distinct regions at resolution 
50, we measured the between-regions connectivity using the 
Fisher transform of the Pearson correlation between the av-
erage time series of the clusters. The within-region connec-
tivity was the Fisher transform of the average correlation 
between time series inside the region. An individual connec-
tome was thus a 50 × 50 matrix (see Appendix 1, Fig. S2A 
and B, available at jpn.ca, for an illustration of a parcellation 
and associated connectome). Such task-specific connectomes 
were used to detect group differences associated with each 
task and then to look for commonalities across task on such 
main group effects (context-independent effect). We further 
derived the difference in connectomes between any pair of 
tasks to assess group × task interaction effects (context-
dependent effect). In the main model, a group-level general 
linear model was estimated for each inter-/intraregion con-
nection with intercept, schizophrenia, age and sex values for 
the task(s) included as covariates in the analysis, the latter 2 
being entered in the model as confounding variables 
(Appendix 1, Fig. S2C). In secondary models, we included 
either the average scores on the WAIS tests, the positive 
scores of the PANSS or the negative scores of the PANSS, 
again with age and sex as confounding variables. We used 
these models to test for associations between these variables 
and functional connectivity in patients with schizophrenia 
only. The parameters of the models were estimated through 
minimum least-square, and we used a t test with an associ-
ated p value derived under a Gaussian, independent and 
identically distributed assumption on the residuals. With 
50  regions, there were 1225 = (50(50–1))/2 tests for inter-
region connectivity and 50 tests for intraregion connectivity. 
In order to correct for multiple comparisons, we relied on a 
Benjamini–Hochberg false discovery rate (FDR) correction.31 
In the absence of any true effect, the FDR controls for the 
family-wise error (FWE; i.e., the probabilty to have 1 or 
more findings across all connections), and we ensured that 
significant findings at qFDR < 0.05 were found at least min
imally for all tasks. However, because we aimed to mitigate 
type 2 errors (i.e., false negatives) in the context of a con-
junction analysis, we report findings at qFDR < 0.01. Be-
sides, we applied the FDR control to each contrast sepa-
rately. In the presence of true discoveries that are strong 
and widespread, it has been argued32 and supported based 
on simulations30 that the FDR scales well across contrasts, as 
it controls for a proportion, even in the presence of positive 
dependencies across contrasts (as in the repeated-measures 
scenario explored here).
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Results

Participants

We recruited 41 patients with schizophrenia (22 men, 
19 women, mean age 32.07 ± 6.95 yr) and 46 healthy controls 
(21 men, 25 women, mean age 29.85 ± 8.55 yr) for participa-
tion in this study, but only 30 in each group were included in 
the analyses after being matched for motion levels. There 
were large differences in head movement between patients 
with schizophrenia and controls (run averaged FD 0.32 ± 0.20 
v. 0.19 ± 0.08, p < 0.001). The volumes retained after scrub-
bing remained higher in patients with schizophrenia than in 
controls (0.18 ± 0.06 v. 0.14 ± 0.03, p < 0.01). Matching the par-
ticipants by keeping 30 patients with schizophrenia with 
minimal rFD and keeping 30 controls with maximal rFD bal-
anced the groups with respect to rFD (0.15 ± 0.04 v. 0.16 ± 
0.03), the number of scrubbed volumes (45 ± 31 v. 41 ± 27) 
and the number of volumes left after scrubbing (190 ± 31 v. 
194 ± 27; (Appendix 1, Fig. S1). 

Patients’ mean scores on the PANSS were 79.83 ± 20.18 for 
the total score, 18.66 ± 6.71 on the positive scale, 20.41 ± 6.82 
on the negative scale and 40.76 ± 9.82 on the general scale. 
The age at onset of schizophrenia was 22.33 ± 5.39 years, and 
the mean disease duration was 9.55 ± 6.71 years. Patients 
with schizophrenia presented significant cognitive alterations 
compared with healthy controls on the vocabulary (9.39 ± 
3.07 v. 12 ± 3.34), similarities (7.11 ± 2.29 v. 11.47 ± 2.69) and 
block design (6.16 ± 2.56 v. 10.42 ± 2.29) subtests of the WAIS. 
All patients were receiving treatment with at least 1 atypical 
antipsychotic medication (clozapine, olanzapine, quetiapine, 
risperidone, and/or ziprasidone) at the time of study. The 
average chlorpromazine equivalent dose was 579.92 ± 349.38. 

Functional MRI results

Because a connectome-wide analysis generates a large quan-
tity of results, we used a 3-step procedure to narrow down the 
exploration of the findings. First, summary statistics (percentage 
of discoveries) indicated the overall proportion of connections 
with a significant effect for a given contrast (e.g., patients with 
schizophrenia v. healthy controls in task 1 only). Second, for 
the contrasts with significant discoveries, percentage of dis-
covery maps showed which regions had the highest propor-
tion of their connections with a significant effect. Third, we 
expored the functional connectivity maps for these highly 
affected brain regions to examine the direction of the effects 
(i.e., increases v. decreases in connectivity). Results are hereafter 
reported following this approach.

Percentages of discoveries

Within-group comparisons of task 1 or task 2 (emotional 
stimuli) against task 3 (visuomotor stimuli) yielded a high 
number of significant discoveries both in controls (60% and 
55% of the brain connections with a significant effect) and pa-
tients with schizophrenia (54% and 47%). By contrast, the 
comparison of tasks 1 and 2, which only slighlty differ in 

terms of their memory components, revealed a smaller effect 
in controls (14%) and patients with schizophrenia (10%). In 
line with the aim of the present research, the similar tasks 1 
and 2 are thus characterized by reduced variations in func-
tional connectivity as opposed to the dissimilar task 3, both in 
controls and patients with schizophrenia. This result under-
scores that the cognitive context does importantly modulate 
functional connectivity patterns, and more so for dissimilar 
tasks. It is thus not garanteed that putative differences in 
connectivity between the 2 populations would remain un-
changed in these distinct connectivity contexts. In patients 
with schizophrenia, no significant association was found 
with either the severity of their cognitive deficits on the 
WAIS tests or the severity of their clinical symptoms on the 
positive and negative subscales of the PANSS.

Between-group comparisons showed that each ex
perimental task was significantly associated with altered 
functional connectivity in patients with schizophrenia relative 
to controls. In total, 27%, 14% and 6% of the connections 
showed a significant effect of schizophrenia in tasks 1, 2 and 
3, respectively. By contrast, comparisons between tasks did 
not yield any significant interaction effect with schizophrenia 
on functional connectivity. The former result does not indicate 
a context-independent effect at this stage, as there is no 
guarantee that the same brain networks were affected in a 
similar fashion across tasks. However, the latter result already 
indicates that there is no evidence of a significant context-
dependent functional dysconnectivity in patients with 
schizophrenia.

Spatial distribution of significant discoveries

Discovery percentage maps revealed which brain regions 
were associated with the largest amount of discoveries, and 
more specifically the proportion of significant connections for 
any given region. Maps are shown in Figure 1 for all types of 
within- and between-group contrasts along with the func-
tional brain parcellation seen at resolution 50. Within-group 
maps showed that many regions changed their connectivity 
with more than 50% of the other regions when comparing the 
emotional tasks 1 and 2 with the visuomotor task 3, both in 
patients with schizophrenia and controls (Fig. 1A and B). 
Such regions covered the medial prefrontal cortex, precu-
neus, medial temporal lobe, and visual and motor areas. Of 
note, the same regions had maximal between-task effects in 
both patients with schizophrenia and healthy controls.

Between-group comparisons looking at each task sepa-
rately showed that some regions had more than 20% of their 
connections affected by schizophrenia (Fig. 1C). As previ-
ously indicated, no significant group × task interaction effect 
was observed. In order to select a series of regions of interest 
for further characterization, we computed a minimum dis-
covery percentage map, which showed the minimal values of 
discoveries across the 3 tasks (Fig. 1D). Seven brain regions 
that showed the highest effects on this map were then se-
lected for further exploration: the medial prefrontal cortex, 
anterior and posterior cingulate, temporal lobe, lobule IX of 
the cerebellum and premotor cortex.
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Consistent decrease in functional connectivity across tasks

The discovery percentage maps did not characterize which spe-
cific connections were identified as significantly altered in pa-
tients with schizophrenia for each region, nor the direction of 
the effect (i.e., an increase v. a decrease in connectivity). Figure 2 
reveals significant changes in connectivity for the 7 regions iden-
tified above that are commonly observed between patients with 

schizophrenia and controls for all 3  tasks. These significant 
context-independent effects took the form of a decrease in con-
nectivity. A key brain region to be affected was the anterior 
cingulate, which showed decreased connectivity with the pre-
frontal cortex, temporal lobe and putamen. Other context-
independent effects were also detected between the cerebellar 
lobule IX and temporal lobe, putamen and premotor cortex, or 
between the premotor cortex and temporal lobe and putamen.

Fig. 1: Within-group discovery maps show at resolution 50 the percentages of connections for each region that are modulated by the 
type of task, separately for (A) healthy controls and (B) patients with schizophrenia. (C) Between-group discovery maps show the 
percentages of connections with a significant schizophrenia effect for single task contrasts. No group × task interaction effects were 
found to be significant for any pairwise comparison between tasks. (D) The minimum map shows the minimal discovery percentages 
observed across tasks 1, 2 and 3 for the between-group contrasts. (E) The regions map shows the functional brain parcellation at resolu-
tion 50. Montreal Neurological Institute coordinates are given for representative slices superimposed onto the MNI152 nonlinear 
template. HC = healthy controls, SZ = schizophrenia. Task 1 = emotional processing with incidental encoding, task 2 = emotional pro-
cessing with memory retrieval, task 3 = visuomotor processing.
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We further explored the dysconnectivity patterns observed 
across tasks in patients with schizophrenia by looking at un-
thresholded connectivity maps (Fig. 3A). Pairwise compari-
sons of a schizophrenia effect between tasks revealed a high 
degree of similarity in terms of Pearson correlations between 
connectivity maps. For the 7 selected regions, the average 
correlation between tasks was 0.78 ± 0.14. However, the com-
parisons between dissimilar tasks (tasks 1 or 2 with task 3: 
0.77 ± 0.17 and 0.74 ± 0.14) appeared less highly correlated 
than the comparisons between the similar tasks 1 and 2 
(0.86 ± 0.07; Fig. 3B).The comparisons between tasks 1 or 2 
with task 3 (0.67 ± 0.21 and 0.66 ± 0.19) were also less highly 
correlated than the comparisons between tasks 1 and 2 
(0.79  ± 0.13) when including all 50 regions (i.e., including 

even those that showed no significant effects; Fig. 3C). The 
fact that similar tasks are associated with higher similar pat-
terns of dysconnectivity may be some indication that discrete 
context-dependent effects remained undetected in our main 
analysis. Yet, these findings highlight the high consistency of 
the change in connectivity in patients with schizophrenia, 
even for tasks that are distinct from one another.

Discussion

Our overall findings speak for the context-independence of 
functional dysconnectivity in patients with schizophrenia, 
with the patterns of abnormal connectivity in these patients 
persisting over the reorganization of brain dynamics that 

Fig. 2: Significant context-independent decreased functional connectivity in patients with schizophrenia versus healthy controls. 
Seven seed brain regions, shown in white, were selected because they showed significant changes in connectivity between 
patients with schizophrenia and healthy controls in all 3 tasks. For each seed region, the overlap in functional connectivity 
alterations across tasks is shown at a false-discovery rate < 0.1. These context-independent effects are observed only as 
decreases. Montreal Neurological Institute coordinates are given for representative axial slices superimposed onto the MNI152 
nonlinear template.
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otherwise occurs in response to specific environmental stim-
ulations. The task paradigms18,20,21 either differed from one 
another in major ways (emotional processing v. visuomotor 

task) or were distinguishable based only on minor character-
istics (to promote incidental encoding v. retrieval processes in 
the context of emotional processing). Our objective was to 

Fig. 3: Unthresholded alterations in functional connectivity in patients with schizophrenia versus healthy controls. Seven seed brain regions 
were selected because they showed significant changes in connectivity between patients with schizophrenia and healthy controls in all 
3 tasks. (A) For each seed region, maps show the changes in functional connectivity (z(r) = Fisher z-transformed Pearson correlation r) be-
tween patients with schizophrenia and healthy controls, independently for each task. Between-task pairwise correlations of functional connec-
tivity maps are given (Pearson correlation coefficients). Higher degree of similarity in functional connectivity between tasks 1 and 2 than between 
either of them and task 3 for (B) the 7 selected regions and (C) for the 50 regions included in the analysis. Montreal Neurological Institue coordin
ates are given for representative slices superimposed onto the MNI152 nonlinear template. Task 1 = emotional processing with incidental 
encoding, task 2 = emotional processing with memory retrieval, task 3 = visuomotor processing.
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determine whether small versus large degrees of cognitive dif-
ference between tasks would lead to putative context-
dependent effects of different amplitudes. Rather, there were 
large commonalities in the observed functional connectivity 
deficits across paradigms, irrespective of the characteristics of 
the tasks. One study reported task-specific alterations in con-
nectivity between tasks of different cognitive domains, namely 
a verb-generation task and a working memory n-back task.16 
However, the significance of this work is hampered by several 
methodological confounds, such as the very small sample 
sizes. Three other studies have evaluated whether alterations 
in connectivity were further modulated by task complexity in 
the context of a single experimental paradigm, either in 
terms of different levels of memory load in a working mem-
ory n-back task (0-back, 1-back, 2-back)13,15 or varying levels of 
sensory load in a sensory-processing task (from auditory 
sensory gating to multisensory processing).14 The 2 former 
studies reported only stable abnormalities across task levels, 
whereas the latter found that task complexity also modu-
lated altered connectivity. These studies and ours all agree 
in highlighting a largely consistent profile of dysconnectivity 
across distinct tasks or their levels of complexity. However, 
the discrepency regarding the presence of more circum-
scribed context-dependent effects needs to be resolved. First, 
the nonevidence of such effects may be explained by low sta-
tistical power. Second, future studies should carefully com-
pare multiple other paradigms associated or not with the 
pathophysiology of schizophrenia.

Previous studies on schizophrenia have in some instances 
reported the superimposition of context-specific patterns of 
dysconnectivity when comparing rest and task states.13,14,16,33 
However, the interpretation of resting-state dysconnectivity 
in patients with schizophrenia may be biased by differences 
in thoughts and mind wandering during rest in patients with 
this mental illness.12 We focused the present research on func-
tional brain connectivity during task performance, as it offers 
a better control over the cognitive state of participants than 
rest. Yet, there is evidence that task-related versus task-
unrelated effects can be disentangled within a single experi-
mental paradigm.34 These findings raise the question of the 
extent to which the spontaneous fluctuations seen at rest6 
may contribute to the dysconnectivity patterns observed dur-
ing task performance. However, similarly pronounced differ-
ences in connectivity were detected between cognitive con-
texts both in patients with schizophrenia and healthy 
controls. Hence, irrespective of the common impact of intrin-
sic fluctuations across tasks, there is no guarantee that func-
tional dysconnectivity in patients with schizophrenia would 
remain stable in these distinct connectivity contexts. The hid-
den contribution of task-unrelated, intrinsic activity should 
not diminish the ability to detect putative differences in task-
related connectivity between tasks if these were present. In 
order to circumvent more uniquevocably the confound of in-
trinsic activity, a solution lies in the characterization of task-
evoked connectivity networks35 (i.e., brain networks defined 
by regions that present similar task-evoked responses). The 
nature of the association between connectivity versus activa-
tion deficits in this mental disorder is of great interest.16 If 

functional brain dysconnectivity is context-independent, can 
it be inferred that it is also independent of task-induced brain 
activation? Future work should elucidate to what extent pat-
terns of hypo- and hyperactivation in patients with schizo-
phrenia, in the prefrontal cortex and beyond,1 relate to the 
topography of abnormal functional connectivity in people 
with this mental illness.

Dysconnectivity patterns predominantly, yet not uniquely, 
took the form of a decrease in functional connectivity and 
were most strongly found in clinically relevant brain regions, 
in good agreement with previous studies.3,4 The brain regions 
associated with dysconnectivity in this work are indeed com-
ponents of brain networks that account for the psychiatric 
and cognitive symptoms of schizophrenia. Aberrant func-
tional connectivity of the medial prefrontal cortex, together 
with the posterior cingulate cortex and other regions of the 
default mode network, may account for deficits in reality 
monitoring and self-referential processing.36,37 Abnormal 
functional connectivity in the anterior cingulate cortex, which 
is part of the salience network, may account for impairments 
in cognitive control and detecting stimuli salience.38,39 Func-
tional dysconnectivity is known to be widespread in patients 
with schizophrenia, and our findings accordingly revealed 
alterations in the premotor cortex, basal ganglia40,41 and cere-
bellum.42,43 Deficient cerebellar function, for instance, has 
been associated with high-order cognitive deficits in patients 
with schizophrenia, as proposed in the “cognitive dysmetria” 
model of schizophrenia.44,45 These interpretations, however, 
mainly consist of an exercise of reverse inference, as no direct 
association was found between functional dysconnectivity 
and the severity of either clinical symptoms or cognitive defi-
cits in patients with schizophrenia.

Limitations

The rationale for the present study was that the genuine 
description of context-independent and context-dependent 
dysconnectivity in patients with schizophrenia can be obtained 
only through the direct comparison of multiple experimental 
paradigms.5 Our conclusions are limited in this respect as we 
compared only 3 tasks,18,20,21 which assessed 2 main cognitive 
domains: emotional and visuomotor processing. The study of 
abormal connectivity across distinct paradigms should be 
extended to other cognitive domains known to be affected in 
patients with schizophrenia (e.g., working memory13). The 
absence of a significant context-dependent effect in the present 
study might also be accounted for by insufficient statistical 
power. The benefits of investigating the whole functional brain 
connectome comes at the cost of a large increase in multiple 
comparisons needing correction. It is reasonnable to predict 
that a larger amount of significant effects would be detected 
with a larger sample, either as increased context-independent 
connectivity or as context-dependent changes in connectiv-
ity. For instance, the fact that there were trends toward 
hyperconnectivity between the medial prefrontal cortex and 
posterior cingulate cortex and putamen in all 3 tasks suggests 
this possibility. Finally, we cannot reject the possibility that 
treatment with atypical antipsychotic medication may have 
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impacted patterns of functional brain connectivity in patients 
with schizophrenia. Nonetheless, it is noteworthy that the 
medication type and dose had remained stable a month pre-
ceeding and throughout the research protocol.

Conclusion

These limitations might contribute to the absence of a signifi-
cant context-dependent effect in the observed results. While 
we cannot exclude the existence of such circumscribed 
context-dependent effects, the present findings still provide 
compelling evidence that a large portion of altered functional 
brain connectivity in persons with schizophrenia is consistent 
across the 3 cognitive contexts that were studied. The study 
with task-based fMRI of functional brain connectivity dys-
function in patients with schizophrenia may thus benefit from 
pooling data from multiple experiments in order to identify 
reliable connectivity biomarkers of schizophrrenia.
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