
Supplemental Materials 
Network Discovery 

Participants 

Participants at the Boston and Pittsburgh sites were recruited for a clinical trial 

(BICEPS, NCT01561859), approved by the institutional review boards of the University 

of Pittsburg and Beth Israel Deaconess Medical Center, and gave written informed 

consent before participating. Clinical and imaging data analyzed here was from 

participants’ baseline (pre-intervention) evaluation. Participants were recruited from 

participating health centers using a variety of means including early course treatment 

programs and community referral networks  

Diagnosis was determined using the Structured Clinical Interview for the DSM-IV 

(SCID)(1). Patients were assessed by trained research assistant or graduate students. 

All participants in the schizophrenia group met DSM-IVTR criteria for the diagnosis of 

schizophrenia or schizoaffective disorder. Inclusion criteria were (1) a diagnosis of 

schizophrenia or schizoaffective disorder verified using the SCID interview(1); (2) time 

since first psychotic symptom of < 8 years; (3) clinically stabilized on antipsychotic 

medication (assessed via SCID in consensus conferences); (4) age 18-45 years; (5) 

current IQ > 80; and (6) the ability to read (sixth grade level or higher) and speak fluent 

English. Exclusion criteria were (1) significant neurological or medical disorders that 

may produce cognitive impairment (e.g., seizure disorder, traumatic brain injury); (2) 

persistent suicidal or homicidal behavior; (3) a recent history of substance abuse or 

dependence (within the past 3 months); (4) any MRI contraindications such as 

ferromagnetic objects in the body and those people too large to fit into the scanner 

(shoulder width larger than 25 inches); and (5) decisional incapacity requiring a 



guardian. Participant clinical characterization utilized symptom scales including the 

Scale for the Assessment of Positive Symptoms (SAPS)(2), Scale for the Assessment 

of Negative Symptoms (SANS)(3), the Brief Psychiatric Rating Scale (BPRS)(4), and 

the Montgomery–Åsberg Depression Rating Scale (MADRS)(5). 

Demographic, clinical, and medication regimen information are summarized in Table 1.  

MRI data acquisition 

Boston Site: Data were acquired on a 3T Siemens Trio (TIM upgrade) scanner 

using a standard head coil. The echoplanar imaging parameters were as follows: 

repetition time, 3000 milliseconds; echo time, 30 milliseconds; flip angle, 85°; 3 x 3 x 3-

mm voxels; and 47 axial sections collected with interleaved acquisition and no gap. 

Structural data included a 1mm3 multiecho, T1-weighted, magnetization-prepared, 

gradient-echo image. In addition, all participants underwent a resting fMRI run. Each 

functional run lasted 6.2 minutes (124 time points). 

Pittsburgh site: Data were acquired on a 3T Siemens Verio scanner using a 

standard head coil. The echoplanar imaging parameters were as follows: repetition 

time, 3000 milliseconds; echo time, 30 milliseconds; flip angle, 85°; 3 x 3 x 3-mm 

voxels; and 45 axial sections collected with interleaved acquisition and no gap. 

Structural data included a 1mm3 multiecho, T1-weighted, magnetization-prepared, 

gradient-echo image. In addition, all participants underwent a resting fMRI run. Each 

functional run lasted 6.2 minutes (124 time points). 

MRI data processing 

The imaging data were preprocessed using DPABI image processing software 

(6). To minimize effects of scanner signal stabilization, the first four images were 



omitted from all analysis.  Scans with head motion exceeding 3mm or 30 of maximum 

rotation through the resting-state run were discarded. Functional and structural images 

were co-registered. Structural images were then normalized and segmented into gray, 

white and CSF partitions using the DARTEL technique. A Friston 24-parameter model 

was used to regress out head motion effects from the realigned data. CSF, white 

matter, and the global signals as well as the linear trend were also regressed as 

nuisance covariates. After realigning, slice timing correction, and co-registration, 

framewise displacement (FD) was calculated for all resting state volumes (7). All 

volumes with a FD greater than 0.2mm were regressed out as nuisance covariates. Any 

scan with 50% of volumes removed was discarded. After nuisance covariate regression, 

the resultant data were band pass filtered to select low frequency (0.01-0.08Hz) signals. 

Filtered data were normalized by DARTEL into MNI space and then smoothed by a 

Gaussian kernel of 8mm3 full-width at half maximum (FWHM). Voxels within a group 

derived gray matter mask were used for further analyses.  

After preprocessing, 36 scans were rejected for excessive motion. A total of 44 

participants with schizophrenia or schizoaffective disorder remained in the study (Table 

1). 

Functional Connectivity Analysis:  

Multivariate Distance Matrix Regression: We performed a connectome-wide 

association study using multivariate distance matrix regression (MDMR) as originally 

described in Shehzad et al.(8). As has been previously described(9-11) this analysis 

occurs in three stages: First, a seed-to-voxel connectivity map is generated by using an 

individual voxel’s BOLD signal time-course to calculate the temporal Pearson’s 



correlation coefficients between that voxel and all other gray matter voxels. These maps 

are generated for every participant. In the second stage, the correlation coefficients for 

each voxel in the connectivity map is compared to the values of corresponding voxels in 

maps generated from every other participant. This results in a Pearson’s correlation 

coefficient r that is a measure of spatial correlation of maps between patients. The 

similarity of connectivity maps between participants is computed using the distance 

metric √2(1 − 𝑟). In the third stage, multivariate distance matrix regression tests the 

relationship between inter-subject differences on a given variable (here SANS score) 

and inter-subject distances on the connectivity maps generated in stage two (See main 

text Figure 1a for a diagram of this process). This test results in a pseudo-F statistic for 

each voxel that demonstrates how SANS score is reflected in functional connectivity at 

that voxel. This process is repeated for every single voxel. The result is a whole brain 

map of how significantly SANS score is reflected in functional connectivity at every 

voxel. Covariates included in this analysis included scanner site, age, sex, mean FD (as 

a subject-level correction for motion effects(7)), and prescribed antipsychotic dosage 

(chlorpromazine equivalents, CPZE). To correct for multiple comparisons, a 

nonparametric permutation was calculated for voxels that exceeded the significance 

threshold of p < 0.005 and clusters of such of sizes at a threshold of p < 0.05 (12), with 

a null distribution calculated from 5000 such permutations, as in prior MDMR studies.  

This analysis identifies regions of interest (ROI) where SANS score correlates 

with functional connectivity. The steps of the analysis described above do not display 

the pattern or direction (i.e. correlation vs anti-correlation) of connectivity that generated 

the result. To visualize these patterns, it is necessary to conduct post-hoc testing of the 



regions of interest identified from MDMR. This ROI-based analysis allows visualization 

of the connectivity maps that generated the initial result. As others have emphasized (9-

11), these post-hoc tests are not new hypothesis tests, rather, they allow visualization of 

the connectivity that gave rise to the original MDMR result. 

ROI based analyses 

For ROI based analyses we used DPABI to extract the time course of the BOLD 

signal in a given ROI and then generated whole brain maps of z-transformed Pearson’s 

correlation coefficients. These maps were then entered into SPM12 (Statistical and 

Parametric Mapping, http://www.fil.ion.ucl.ac.uk/spm). For the right dorsolateral 

prefrontal cortex ROI generated from MDMR above, we regressed these maps against 

total SANS score to generate maps of how whole brain functional connectivity to the 

ROIs varies with SANS score. As in the MDMR analyses, SPM analyses included site, 

sex, age, mean FD, and prescribed antipsychotic dosage as covariates.  

 

Network Validation 
Participants 

Data for the network validation study was taken from a registered clinical trial for 

cerebellar TMS (NCT01551979), which was approved by the Institutional Review Board 

of Beth Israel Deaconess Medical Center, and all participants gave written informed 

consent before participating. Participants were recruited from participating health 

centers using a variety of means including recruitment from previous experimental 

participation rosters, flyers, and websites including clinicaltrials.gov. 

Diagnosis was determined by psychiatrist evaluation and medical records review. All 

participants were diagnosed with schizophrenia. Eligible subjects were 18-65 years of 



age. For the month before enrollment they received outpatient care, with no 

hospitalizations, and without changes to their medication regimens. Exclusion criteria 

were substance abuse or dependence in the prior six months, a history of seizures, 

head injury or prior neurosurgical procedures, contraindications to TMS or MRI, gross 

organic pathology on neuroimaging, and pregnancy in females. 

Participant clinical characterization included Positive and Negative Syndrome 

Scale (PANSS)(13), Calgary Depression Scale for Schizophrenia(14), and Clinical 

Global Impression (CGI) 

 Clinician administered symptom scales were collected at baseline, on day 5 of 

rTMS, and one week after day 5 of rTMS (the same day as imaging).  22 total 

participants were enrolled in the study, of which 17 participants were randomized, 16 

completed the trial to the point of followup, and data from 11 participants passed quality 

control assessments (See consort Figure)  

Demographic, clinical, and medication regimen information are summarized in Table 1.  

MRI data acquisition 

Boston Site: Data were acquired on a 3T Siemens Tim Trio scanner using a 

standard head coil. The echoplanar imaging parameters were as follows: repetition 

time, 3000 milliseconds; echo time, 30 milliseconds; flip angle, 90°; 3 x 3 x 3-mm 

voxels; and 47 axial sections collected with interleaved acquisition and no gap. A 1mm3 

multi-echo MPRAGE was also collected. In addition, all participants underwent three 

resting state fMRI runs. Each functional run lasted 6 minutes (124 time points), with 4 

time points used for steady state equilibrium.  Participants completed a minimum of 

three resting state functional runs. The imaging protocol was adapted from the previous 



acute stimulation protocol(15). MRI imaging occurred at baseline and one week after 

day 5 of rTMS, with a +/-3 day allowance for scheduling. 

MRI data processing 

The imaging data were preprocessed using DPABI image processing software 

(6). To minimize effects of scanner signal stabilization, the first four images were 

omitted from all analysis.  Scans with head motion exceeding 3 mm or 3° of maximum 

rotation through the resting-state run were discarded. Functional and structural images 

were co-registered. Structural images were then normalized and segmented into gray, 

white and CSF partitions using the DARTEL technique. A Friston 24-parameter model 

was used to regress out head motion effects from the realigned data. CSF and white 

matter signals as well as the linear trend were also regressed as nuisance covariates. 

After realigning, slice timing correction, and co-registration, framewise displacement 

(FD) was calculated for all resting state volumes (7). All volumes with a FD greater than 

0.5mm were regressed out as nuisance covariates. Any scan with 50% of volumes 

removed was discarded. After nuisance covariate regression, the resultant data were 

band pass filtered to select low frequency (0.01-0.08Hz) signals. Filtered data were 

normalized by DARTEL into MNI space and then smoothed by a Gaussian kernel of 

8mm3 full-width at half maximum (FWHM). Voxels within a group derived gray matter 

mask were used for further analyses.  

After preprocessing, 11 participants had clinical assessment and usable fMRI 

scan data at both baseline and one week post-rTMS. 4 participants did not have usable 

fMRI information at one or both time points after exclusion for in-scanner motion (see 

consort). 



rTMS protocol: 

Theta-burst stimulation of the cerebellum was performed as before(16) Baseline 

anatomical MRIs were used in Brainsight frameless stereotaxic system (Rogue 

Research, Montreal, Canada) to target anatomically determined cerebellar vermis VIIB. 

Frameless sterotaxy was used during all stimulation sessions to monitor the position of 

coil over the duration of theta-burst. Participants received 10 sessions of either TBS or 

sham stimulation to the cerebellar vermis. Participants were seated in a chair with their 

head facing downwards. TBS sessions were administered twice daily separated by a 

minimum of 4 hours on five consecutive days, Monday to Friday. Participants were 

either admitted to the BIDMC clinical research center unit for the week and waited in 

their room, or if participants opted to participate as out-patients, were given a quiet room 

to rest in-between daily sessions.  TBS was applied via a MagPro X100 stimulator using 

a combination active and passive figure-of-8 coil (Cool B65 A/P, Magventure, Denmark) 

held tangentially to the scalp with the handle pointing upwards.   Shamming surface 

electrodes were placed on all participants at the neck-line to simulate the tactile effects 

of stimulation.  Stimulation codes were used by the TBS was applied at 100% of active 

motor threshold (AMT) intensity (A/μs) measured prior to each theta-burst session with 

the standard intermittent theta burst pattern described by Huang et al.(17) (3 pulses at 

50-Hz repeated at a rate of 5-Hz). 

 

Imaging Data Analysis 

For the initial ROI to ROI based analysis we took the map (thresholded at T-stat 

> 2.0 i.e. p<.05) from the “network identification” study of where functional connectivity 



to the right dorsolateral prefrontal cortex correlated with SANS score. Masks of the right 

dorsolateral prefrontal cortex and cerebellar ROIs were used for the analysis of pre- vs 

post-rTMS fMRI data from study #2. We used DPABI to calculate the time course of the 

BOLD signal in each ROI and then generated z-transformed Pearson’s correlation 

coefficients for each resting-state run for each participant at each time point. For each 

participant we calculated the change in functional connectivity pre- versus post-rTMS 

and correlated this change with that individual’s change in PANSS negative symptom 

subscale between baseline assessment and one week post-rTMS when fMRI imaging 

occurred. 

 For the second ROI to voxel based analysis, we took the right dorsolateral 

prefrontal cortex ROI from the “network identification” study as above. We used DPABI 

to calculate the time course of the BOLD signal in this ROI and then generated whole 

brain maps of z-transformed Pearson’s correlation coefficients for each participant. Pre-

rTMS maps were subtracted from post-rTMS maps to generate maps of functional 

connectivity change for each participant. These maps were then entered into SPM12 

(Statistical and Parametric Mapping, http://www.fil.ion.ucl.ac.uk/spm). We regressed 

these maps against each individual’s change in total PANSS negative subscore (pre- 

versus post-rTMS) to generate maps of how change in whole brain functional 

connectivity to the right dorsolateral prefrontal cortex varies with change in PANSS 

negative subscore. 

 

Sham vs. active rTMS comparison 



 Of the 11 participants with full clinical assessments and usable fMRI scan data at 

baseline and one week post-rTMS, 8 had been randomized to active stimulation and 3 

to the sham condition. A Welch’s t-test was used to compare change in zFC (between R 

dorsolateral prefrontal cortex and the cerebellum territory identified above) and change 

in PANSS negative subscore between groups (active v. sham). 

 

TMS protocol adverse events 

 A number of expected adverse events occurred during the TMS trial.  Four 

participants reported headache over the course of the trial.  Three participants reported 

neck pain. One participant reported “pressure” on the scalp over the ears and top of the 

scalp.  One participant reported a heaviness on the right side of the head during and 

after the first three days of TMS.  One participant reported feeling tired following two of 

the TMS sessions.  A blood pressure increase was reported on one participant following 

TMS. One participant reported feeling depressed during the followup period (>3 weeks 

post-TMS). One participant was hospitalized during the followup period ((>3 weeks 

post-TMS) for acute exacerbation of psychosis.   

 

 
 
Control Analysis 
 
Left dorsolateral prefrontal cortex (MDMR identified) 

MDMR identified two different clusters in prefrontal cortex, but gave a larger pseudo-F 

statistic for right dorsolateral prefrontal cortex compared to the left dorsolateral 

prefrontal cortex. A similar post-hoc analysis was done from left dorsolateral prefrontal 



cortex in the network identification cohort and revealed largely similar network negative 

symptom network organization, Supplemental Figure 1.  Using the same cerebellar 

region of interest as in main text, but examining functional connectivity to left 

dorsolateral prefrontal cortex reveals similar functional connectivity values as the 

cerebellum to right dorsolateral prefrontal cortex (r= 0.71; p=0.014; %95 CI: 0.192, 

0.918). 

 

Cerebellum  

The main text contains an analysis utilizing the right dorsolateral prefrontal cortex site 

identified with MDMR and observing the change in connectivity (to right dorsolateral 

prefrontal cortex) that corresponds to negative symptom change in the validation TMS 

experiment. This analysis confirmed that only the cerebellum showed functional 

connectivity change (Figure 3).  To confirm the changes in functional connectivity were 

primarily observed in right dorosolateral prefrontal cortex, we performed a follow-up 

analysis, seeding the cerebellum and observing the voxelwise change in connectivity 

that corresponds to symptom severity.  A peak cluster (center of gravity MNI: 41.8, 19.9, 

40.7) was observed at the same right dorsolateral prefrontal cortex location that the 

initial discovery dataset indicated shown in Supplemental Figure 2. 

 

Non-parametric statistics. 

With a low sample size, it is potentially possible that Pearson correlation coefficients 

may not remain robust.  Thus, we applied a non-parametric test of relationship between 

the change in functional connectivity between cerebellum and dorsolateral prefrontal 



cortex and the change in negative symptoms with Spearman’s rho (ρ=-0.741, p=0.0102, 

bootstrapped 95% CI: -0.970, -0.184), which revealed no change in hypothesis outcome 

compared to a Pearson correlation coefficient (r=-0.809, p=0.003, 95% CI: -0.948, -

0.405). 

 

Positive and General PANSS sub-scales 

The main text contains an analysis associating observed changes in cerebellar-

dorsolateral prefrontal cortex locations with observed changes in negative symptoms.  

These changes appear isolated to the PANSS-negative subscale.  Connectivity change 

does not correspond with PANSS-positive subscale (r=0.253; p=0.453; 95% CI: -0.408, 

0.74) or with PANSS-general subscale (r=-0.494; p=0.123; 95% CI: -0.843, 0.15). The 

connectivity change also did not correspond to change in the Calgary Depression Scale 

for Schizophrenia (r=-.434; p=.183; 95% CI: -0.82, 0.224) 

 

Clozapine equivalent dose 

Our primary analysis of change scores in the validation cohort did not control for 

medication dosage.  Controlling for medication effect in a pre-post design is less 

informative than in a cross-sectional study where medication may co-vary by participant.  

In a pre-post experimental design, variance attributed to medication may already be 

removed by examining the difference scores.  However, there may exist an interaction, 

such that medication dose effects many differentially impact the magnitude of changes 

observed.  To control for this, we performed a partial correlation, controlling for 

Clozapine equivalent doses in the participants (r=-0.817, p=0.004), and found no 



change in statistical outcome in comparison to the uncontrolled analysis in the main text 

(r=-0.809, p=0.003) 

 

Historical evidence for a cerebellar – prefrontal circuit in negative symptoms 
 
There exist two long-standing independent hypotheses that cerebellar and lateral 

prefrontal regions are associated with symptoms of schizophrenia.  Even the earliest 

descriptions of dementia praecox by Kraepelin specify a frontal cortex origin of the 

disease(18).  With the advent of neuroimaging techniques, frontal circuit abnormalities 

were often found in schizophrenia patients relative to controls (19, 20), and in task-

based studies, these deficits were larger in patients with negative symptoms (21).  

Modern understanding of a potential cerebellar origin to negative symptoms of 

schizophrenia was put forward by Schmahmann (22, 23) and subsequently followed by 

preliminary imaging results from Andreasen and colleagues (24).  The foundation of the 

cerebellar hypothesis is schizophrenia is a form of dysmetria in a cognitive domain – 

that the same characteristic undercorrection and overcorrection of a motor movement 

caused by cerebellar damage to motor systems, may be translated in to the responses 

of schizophrenia patients in the cognitive and emotional domains. This theory was 

termed “dysmetria of thought.” Despite consistent neuroimaging findings in frontal 

cortex and in the cerebellum over the years(25-27), the frontal component of this 

system has been at the forefront of neuroimaging findings, and the cerebellar 

component is often ignored, recent reviews of the disease do not consider these 

hypotheses(28). Although cerebellar neuroimaging findings are consistent with a 

dysmetria of thought model, it still remains uncertain if these results are due to the 



fundamental linkage of connectivity between the cerebellum and cortex, and thus are 

seen active when cortical function is active, (or dysfunctional)(29). It may be plausible 

that a subset of schizophrenia symptoms may be attributable to this cerebellar-cortical 

circuity, whereas others are attributed to other dysfunction found throughout the brain.  

The specific framework of the dysmetria of thought hypothesis has not elucidated a 

candidate network location.  We speculate that cerebellar dysfunction may be present 

throughout the entire cerebellum, which may account for the broad spectrum of tasks 

which show cerebellar deficits (25). Many of these studies have examined patients as a 

population relative to controls. However, our model-free data point to a more localized 

region within the cerebellum where disruption of connectivity coincides with symptom 

severity, suggesting that specific connections may account for specific features of a 

heterogenous illness such as schizophrenia. 

  



Supplemental Table 1: MRI scan parameters across sites/study 
 

Anatomical     

  

Network Discovery 
(Boston / 
Martinos) 

Network Discovery 
(Pittsburg / SIBR) 

Network Validation 
(Boston / Harvard) 

Scanner model TrioTim  Verio TrioTim  

Software Version syngo MR B17 syngo MR B17 syngo MR B17 

Sequence MPRAGE MPRAGE  multiecho MPRAGE 

Echo Time (TE) 3.44 3.47 1.64 

Inversion Time (TI) 1100 1100 1200 

Repetition Time (TR) 2530 2530 2200 

Flip Angle 7 7 7 

Voxel size 1 mm3 1 mm3 1 mm3 

    

Functional resting state     

  

Network Discovery 
(Boston / 
Martinos) 

Network Discovery 
(Pittsburg / SIBR) 

Network Validation 
(Boston / Harvard) 

Scanner model TrioTim  Verio TrioTim  

Software Version syngo MR B17 syngo MR B17 syngo MR B17 

Flip angle 85 85 90 

Echo Time (TE) 30 30 30 

Repetition Time (TR) 3000 3000 3000 

Voxel size 3 mm3 3 mm3 3 mm3 

Slice Order interleaved interleaved interleaved 
Number of TRs / 
scan 124 124 124 

 
 
  



Supplemental Table 2: Cluster locations from post-hoc analysis 
 

clusters with positive relationship with SANS to functional connectivity from R DLPFC 

p(FDR-corr) Size peak locations 

T x y z 

0 4019 5.25 27 -42 48   
5.15 -3 -81 39   
4.65 -9 -78 24 

0.007 746 3.89 21 3 63   
3.78 30 0 54 

    3.44 42 -6 51 
      

clusters with negative relationship with SANS to functional connectivity from R DLPFC 

p(FDR-corr) Size peak locations 

T x y z 

0.003 869 5.14 -9 -96 -27   
3.79 42 -66 -39   
3.7 -15 -75 -24 

0.025 434 4.52 60 -12 -24   
4.23 57 -18 -15   
3.93 69 -18 -3 

0.014 527 4.52 -51 -66 30   
4.4 -51 -66 39   

3.33 -63 -51 21 

0 1557 4.46 -12 30 45   
4.23 -15 60 36   
3.86 15 33 45 

0.028 405 4.05 51 -63 51   
3.61 39 -60 36 

0.005 733 4.04 -57 -42 -9   
3.75 -42 -27 -9   
3.65 -54 -18 -18 

0.009 614 3.88 6 -57 42   
3.84 -3 -63 42 

    3.81 0 -48 21       

clusters with positive relationship with SANS to functional connectivity from L DLPFC 

p(FDR-corr) Size peak locations 

T x y z 

0 3699 5.37 6 24 24 



  
5.27 6 -54 66   
5.26 -6 24 21 

0.009 756 4.12 -36 12 -3   
4.1 -42 9 3   

3.96 -36 12 9 

0.026 565 3.59 36 15 -6   
3.47 42 21 -3 

    2.93 63 -6 3       

clusters with negative relationship with SANS to functional connectivity from L DLPFC 

p(FDR-corr) Size peak locations 

T x y z 

0.001 1260 5.31 -39 21 45   
4.39 15 33 42   
4.15 36 21 51 

0.022 568 4.96 39 -57 45   
4.87 48 -60 45   
2.49 54 -63 24 

0.052 363 4.67 15 -63 -39   
3.33 33 -72 -39   
3.32 15 -93 -30 

0.04 431 4.66 6 -30 33   
3.56 -15 -39 33   
2.9 6 -45 27 

0.046 395 4.48 60 -15 -24   
3.83 66 -27 -6   
3.8 54 -39 -15 

0.029 498 3.97 -33 -60 51   
3.51 -48 -69 45   
3.14 -51 -66 27 

0.022 618 3.83 18 30 -15   
3.62 36 36 -18 

    3.17 45 57 9 

 
  



 
Supplemental Table 3. PANSS and cerebellar-dorsolateral prefrontal cortex functional 
connectivity values for individual participants.  
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Supplemental Figure 1. Functional connectivity from left dorsolateral prefrontal cortex 
corresponding to negative symptoms.  Right, post-hoc analysis of network discovery cohort, a 
seed-region was placed in the left dorsolateral prefrontal cortex in all subjects and then this 
seed-based connectivity map was correlated with symptom severity to identify locations where 
increasing connectivity to dorsolateral prefrontal cortex corresponds to better symptoms (red) 
and decreased connectivity corresponds to worse symptoms (blue).  Thus, regions in blue 
correspond to locations where connectivity breakdown with dorsolateral prefrontal cortex 
corresponds to symptom worsening.   Organization of this network is similar to connectivity 
observed from left dorsolateral prefrontal cortex (see main text figure 1c). Right, correlation of 
change in connectivity scores in network validation cohort to the cerebellum using either right 
dorsolateral prefrontal cortex (R DLPFC) or left dorsolateral prefrontal cortex (L DLPFC).   
 
 
 



 
Supplemental Figure 2. Whole brain functional connectivity change in network validation 
experiment (TMS) from cerebellar seed corresponding to PANSS negative scores.  Right, whole 
brain functional connectivity change from cerebellar seed corresponding to negative symptom 
reduction (warm colors: increase in connectivity corresponding to symptom reduction; cool 
colors: decrease in connectivity corresponding to symptom reduction) 
 
 
  



 
Supplemental Figure 3: CONSORT diagram of participant study flow. 
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