
SchizConnect and DataBridge
for Big Data Neuroscience

Lei Wang

Big Data Neuroscience Workshop 2018
September 6, 2018

Case Western Reserve University



Big data, dark data, the long tail of data

• Dark Data is a problem
− Legacy data and data in silos
− Not well published
− Not well described (non-standard metadata)

• Big Data is a problem
− Volume - Increasing sizes of studies
− Volume - Increasing sizes of data (higher resolution)
− Variety - Differing data formats and instrumentation
− Variety - Multiple species including simulated brain

• Exploding search space is a problem
− Many specialized repositories
− Metadata Standards
− Publications are increasing
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SchizConnect

• Virtual database for schizophrenia and related disorders
− Schizophrenia, schizoaffect, bipolar, siblings, healthy
− 8 sources, 5 databases

• Neuroimaging data 
− Structural MRI (sMRI)
− Resting-state functional MRI (fMRI)
− Task-paradigm fMRI
− Diffusion MRI (dMRI)

• Non-imaging data
− Demographics
− Clinical evaluation 
− Neuropsychological assessments

Data
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SchizConnect

• 673 users, 6,280 queries, 1,785 downloads
• Neurodegenerative and Neurodevelopmental Subcortical Shape Diffeomorphometry (NIBIB R01, MPI: 

Miller, Paulsen, Mostfosky, Wang)
• ReproNim: Center for Reproducible Neuroimaging Computation (CRNC) (NIBIB P41, PI: Kennedy)
• DataBridge for Neuroscience (NSF EAGER, MPI: Arcot Rajasekar, Howard Lander)

Usage



SchizConnect

• Data mediation with schema mapping

Architecture

●●●

Central

Mediator

http://schizconnect.org/
Web Portal

Mediator Interface
Data Warehouse

Data Source Interface

Source schemas

Common schemas

Schema mapping

Query rewriting



SchizConnect

• Common schema for imaging data

Schemas
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SchizConnect

• Common schema for imaging data – Structural

Schemas

Source Protocol
HID T1 t1;"t1"
HID T1 t1_deface;"t1_deface"
HID T2 t2;"t2"
HID T2 T2 Inplane Scan;"T2 Inplane Scan"
NUSDAST T1 FLASH1 type="T1"
NUSDAST T1 MPR1 type="T1"
NUSDAST T1 MPR2 type="T1"
NUSDAST T1 MPR3 type="T1"
NUSDAST T1 MPR4 type="T1"
NUSDAST T1 MPR5 type="T1"
NUSDAST T1 MPR6 type="T1"
NUSDAST T1 FLASH3D
NUSDAST T1 MPRAGE



SchizConnect

• Source schema

Schemas



SchizConnect

• Schema mapping

Schemas



SchizConnect

• Query rewriting

Schemas



SchizConnect

• Schema for clinical data

Schemas
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SchizConnect

• Schema for clinical data – Psychopathology

Schemas

Source Test
NUSDAST SIPS Structured Interview for Prodromal Syndromes Summary
NMorphCH SIPS Structured Interview for Prodromal Syndromes Summary
ConteTT SIPS Structured Interview for Prodromal Syndromes Summary
COBRE PANSS Positive and Negative Symptom Scale
BrainGluSchi PANSS Positive and Negative Symptom Scale
fBIRN PhaseII Modified Positive and Negative Symptom Scale Positive and Negative Symptom Scale
fBIRN PhaseIII PANSS Positive and Negative Symptom Scale
MCIC SAPS Scale for the Assessment of Positive Symptoms
fBIRN PhaseII SAPS Scale for the Assessment of Positive Symptoms
fBIRN PhaseIII SAPS_PhaseIII Scale for the Assessment of Positive Symptoms
NUSDAST SAPS SANS Scale for the Assessment of Positive Symptoms
NMorphCH SAPS SANS Scale for the Assessment of Positive Symptoms
ConteTT SAPS SANS Scale for the Assessment of Positive Symptoms
MCIC SANS Scale for the Assessment of Negative Symptoms
fBIRN PhaseII SANS Scale for the Assessment of Negative Symptoms
fBIRfBIRN PhaseIII SANS_PhaseIII Scale for the Assessment of Negative Symptoms
NUSDAST SAPS SANS Scale for the Assessment of Negative Symptoms
NMorphCH SAPS SANS Scale for the Assessment of Negative Symptoms
ConteTT SAPS SANS Scale for the Assessment of Negative Symptoms
fBIRN PhaseIII NSA-4 Negative Symptom Assessment
fBIRN PhaseII Deficit Syndrom ScoreSheet Deficit Syndrome Score Sheet
fBIRN PhaseIII Schedule of Deficit Syndrome Scale Schedule of Deficit Syndrome Scale
fBIRN PhaseII Hallucination Hallucination
fBIRN PhaseII Calgary Depression Scale Calgary Depression Scale



SchizConnect

• Schema for cognitive data

Schemas
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SchizConnect

• Schema for cognitive data – Attention

Schemas

Source Test
MCICShare CalCap California Computerized Assessment Package
NUSDAST CPT-AX A-X Continuous Performance Test - context version
NMorphCH CPT-AX A-X Continuous Performance Test - context version
ConteTT CPT-AX A-X Continuous Performance Test - context version
COBRE CPT-II Conners' Continuous Performance Test-II
COBRE CPT-IP Continuous Performance Test - Identical Pairs version
fBIRN PhaseIII CPT CMINDS Continuous Performance Test - Identical Pairs version
NMorphCH CPT-IP Continuous Performance Test - Identical Pairs version
BrainGluSchi CPT-IP Continuous Performance Test - Identical Pairs version
ConteTT CPT-IP Continuous Performance Test - Identical Pairs version
BrainGluSchi MATRICS Attention_Vigilance MATRICS Consensus Cognitive Battery (MCCB) Attention Vigilance
COBRE MATRICS Attention_Vigilance MATRICS Consensus Cognitive Battery (MCCB) Attention Vigilance
fBIRN PhaseIII Stroop Test CMINDS Stroop Test



SchizConnect

• Males with Schizophrenia, both a DTI and a T1 scan, and measures of Executive Function

Web portal query



SchizConnect
• Males with Schizophrenia, both a DTI and a T1 scan, and measures of Executive Function 

provenancstudy subjectid assessment question_question_value
COINS COBRE A00018317Neuropsych>Executive_Function>COBRE_MATRICS-ReasoningProblemSolving CNP_102 8888
COINS COBRE A00018317Neuropsych>Executive_Function>WASI-Similarities CNP_11 27
COINS COBRE A00018317Neuropsych>Executive_Function>WASI-Similarities CNP_12 42
COINS COBRE A00018317Neuropsych>Executive_Function>WASI-MatrixReason CNP_17 17
COINS COBRE A00018317Neuropsych>Executive_Function>WASI-MatrixReason CNP_18 47
COINS COBRE A00024198Neuropsych>Executive_Function>COBRE_MATRICS-ReasoningProblemSolving CNP_102 32
COINS COBRE A00024198Neuropsych>Executive_Function>WASI-Similarities CNP_11 28
COINS COBRE A00024198Neuropsych>Executive_Function>WASI-Similarities CNP_12 44
COINS COBRE A00024198Neuropsych>Executive_Function>WASI-MatrixReason CNP_17 4
COINS COBRE A00024198Neuropsych>Executive_Function>WASI-MatrixReason CNP_18 27



SchizConnect

• Before BIDS …

• Different file structure for each source
• Required review of source-specific specification to understand
• Onus on data source manager to keep documentation current
• Pain for processing data

Download in BIDS format

COBRE/human/dicom/triotim/PI/cobre_ID/SUBID/SESID/TYPE/*.dcm

fBIRNPhaseII__0010/Data/SUBID/VISITID/EXAMTYPE/TYPE/Native/Original/NIFTI/*.img

MCICShare/SITEID/dicom/triotim/PI/mcicshare_ID/SUBID/SESID/TYPE/*.dcm

NMorphCH/NUNDA_ID/SESLABEL/scans/SCANID_TYPE/resources/DICOM/files/*.dcm

NUSDAST/CENTRAL_ID/SESLABEL/scans/SCANID/resouces/ANALYZE/files/*.img



SchizConnect

• With BIDS
− Standardized file structure across data sources

Download in BIDS format

PROJECT/
sub-SUBJID/

ses-SESDATE/
DATATYPE/

sub-SUBJID_ses-SESDATE_IMGTYPE.nii.gz



SchizConnect

• BIDS apps

Download in BIDS format



Big data, dark data, the long tail of data

• Are there other datasets out there that are “similar?”
− NITRC, NDA, LONI, XNAT Central, openfMRI.org, 1000_FNC/INDI?
− Frontiers, Plos ONE, Nature?

• For meta analysis
− ENIGMA?

• For reproducibility research
− OpenNeuro?
− ReproNim?

• DataBridge
− Explore novel techniques for data discovery in neuroscience
− Arcot Rajasekar, Howard Lander @ UNC



24

The DataBridge Vision

• Assist scientists in discovering 
“interesting” data sets by automatically
forming communities of data

• Domain scientists can create their own 
algorithms defining “interesting”

• Build an extensible, adaptable platform for 
building communities of data

• Search for relevant data sets through 
community defined linkages
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How the DataBridge Works

Data communities are searchable multi-
dimensional networks. Four steps to 
building them:

- Extract or create metadata for collections 
of data sets

- Derive metadata-based signatures for the 
data sets

- Evaluate the similarity of data sets 
- Detect network of communities using the 

resulting set of similarities
Algorithms for each step are pluggable

Node 
2

Node 
4

Node 
3

Node 
1

Similarity Measure 1
Similarity Measure 2
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There is a (Category) theory behind this!

• Datasets have some relationship to each other.  But these “true” 
relationships are in principle unknowable

• Through various processes, we derive estimates of these 
relationships that are searchable

• But these are still estimates! Metric is usefulness, not “truth”
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DataBridge Signature Using Ontology Based Harmonization

DBfN:Annett_Scale_of_Hand_Preference a owl:Class 
rdfs:label "Annett_Scale_of_Hand_Preference" 

rdfs:subClassOf DBfN:Handedness

DBfN:EHI a owl:Class 
rdfs:label "EHI"

rdfs:subClassOf DBfN:Handedness

DBfN:Demographics a owl:Class 
rdfs:label "Demographics" 

rdfs:subClassOf DBfN:Clinical 

DBfN:Clinical a owl:Class     
rdfs:label "Clinical"

rdfs:subClassOf owl:Thing

DBfN:Handedness a owl:Class 
rdfs:label "Handedness" 

rdfs:subClassOf DBfN:Demographics 

• Build an RDF ontology 
version of SchizConnect 
data harmonization

• DataBridge signature 
vector composed of top-
level ontology concepts

• Map 
instruments
from each study to corresponding element of top-level 
ontology. Not all studies have a match for each concept
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Complete signature vectors for the SchizConnect studies
Co

nc
ep

ts

Studies
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SchizConnect and DataBridge: Similarity Calculation 
• Method 1: Hamming 

Distance

• Method 2: Cosine 
Similarity
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Differences in the similarity methods

• Similarity methods produce different results.  Collaboration 
with domain scientists of algorithm selection is critical

• In this case:
– Hammings Similarity doesn’t distinguish between 2 zeros and 2 

ones. So missing concepts are as powerful as matching ones
– Cosine similarity is only based on the matching concepts: If either 

of the values in the denominator is 0, that concept does not 
contribute to similarity

• Which is correct? Depends on what you are looking for!
– Interested in common concepts? Pick Cosine
– Interested in total semantic distance? Pick Hammings
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Hammings and Cosine Results
Hammings Similarity Matrix

Cosine Similarity Matrix
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Qualitative Analysis

• Required by lack of ground truth: possible because of small 
corpus of datasets in the study 

• We found results encouraging:
• ConteTT, NUSDAST and NMorphCH studies have high similarity.  

Created  over a 15-year span at two different institutions, but 
are from the same research team

• BrainGluSchi, COBRE, and fBIRNPhaseIII studies have high 
similarity measures, which is justified by similar study designs

• FBIRN phase II and phase III were conducted with the same 
consortium of institutions, but the study design was different 
across the two phases, so low result is in line with expectations



Big data, dark data, the long tail of data

• The FAIR Guiding Principles, as described in Scientific Data by Wilkinson et al:
• To be Findable:

F1. (meta)data are assigned a globally unique and persistent identifier
F2. data are described with rich metadata (defined by R1 below)
F3. metadata clearly and explicitly include the identifier of the data it describes
F4. (meta)data are registered or indexed in a searchable resource

• To be Accessible:
A1. (meta)data are retrievable by their identifier using a standardized communications protocol

A1.1 the protocol is open, free, and universally implementable
A1.2 the protocol allows for an authentication and authorization procedure, where necessary

A2. metadata are accessible, even when the data are no longer available
• To be Interoperable:

I1. (meta)data use a formal, accessible, shared, and broadly applicable language for knowledge 
representation.
I2. (meta)data use vocabularies that follow FAIR principles
I3. (meta)data include qualified references to other (meta)data

• To be Reusable:
R1. meta(data) are richly described with a plurality of accurate and relevant attributes

           

https://www.nature.com/articles/sdata201618
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Big data, dark data, the long tail of data

• NIH 1 U01 MH097435, 1 R01 EB020062
• NSF SP0037646, BCS 1734853
• SchizConnect
− Core technical team: Jose Luis Ambite, Jessica 

Turner, Kathryn Alpert, Joel Matthew, Alex Kogan
− Data sources: Steven Potkin, Vince Calhoun, 

Deanna Barch, Juan Bustillo, David Keator, 
Margaret King, Brittny Miller

• DataBridge for Neuroscience
− Howard Lander, Arcot Rajasekar
− Jessica Turner, Matthew Turner
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