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Goal

ÅScientific question: how does behavior 

relate to brain activity? 

ÅStatistical problem: decompose two or 

more datasets into

ïjoint + individual + noise

ÅPressing problem in big data: 

ïGenomics and cancer research: Gene 

expression, copy number, mutations

ïNeuroimaging: Combine imaging modalities, 

behavior, genetics
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Popular approaches

ÅCanonical correlation analysis: issues 

when Ὠ ὲor Ὠ ὲ

ÅPartial least squares:
ÁÒÇÍÁØȟ 6ÁÒὥᴂὢ6ÁÒὥᴂὢ#ÏÒÒὥᴂὢȟὥᴂὢ

ÅChallenges when Ὠ ḻὨ

1. Unit variance: ὢ dominates 

2. Standardize by energy: ὢ dominates

ÅJoint & Individual Variation Explained
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History of JIVE

1. Eric Lock, Katherine Hoadley, Steve Marron, 

Andrew Nobel. Joint and Individual Variation 

Explained (JIVE) for integrated analysis of multiple data 

types. Annals of Applied Statistics. 2013.

2. Qing Feng, Jan Hannig, Meilei Jiang, and 

Steve Marron. Angle-Based Joint and Individual 

Variation Explained. In review.

3. Qunqun Yu, Ben Risk, Kai Zhang, and Steve 

Marron. JIVE integration of imaging and behavioral 

data. NeuroImage. 2017.

JIVE integration of behavioral and fMRI dataJSM 2017 4



JIVE Data Structure

ÅMultiple Matrices

ÅHere, we focus on ὑ ς
Ὠ

ὨȟὨ number of variables

(i.e. features)

ὲ number of cases 

(i.e. subjects or samples)

Ὠ

ὢ

ὢ

ὲsubjects

ὲsubjects



JIVE model

Ɇὢ ὃ Ὁ ὐ Ὅ Ὁ

Ɇὢ ὃ Ὁ ὐ Ὅ Ὁ

ÅFocus on score subspaces of ᴙ :

1. ὶέύὐ ὶέύὐṒὶέύὃ ȟὯ ρȟς

2. ὶέύὐṶὶέύὍȟὯ ρȟς

3. Ὅ᷊Ὅ π

ɆὉ is isotropic
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Toy example
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Toy example, cont.
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Toy example

ÅJIVE accurate

ÅNot estimated 

in PLS
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JIVE Schematic
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Joint Subspace

ÅPrincipal Angle Analysis developed 

for JIVE by Feng et al 

ÅTheoretical Version:

In ᴙ ,   Row(ὠ ) = Row(ὠ )

ÅEmpirical Version:

In ᴙ ,   Row(ὠ ) Row(ὠ )
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ÅStack RSV of SVDs of ὃ and ὃ

ÅTake another SVD, those RSVs are the 

averages of matched noisy directions

ÅLargest „ correspond to smallest PA: 

— ÁÃÏÓ„ ρ

ÅThreshold with bounds determined from:

1. Wedinôs ίὭὲthm bounds PA for ὐ+ Ὁ,

2. Assumption of isotropy,

3. Sample noise directions to get thresh for — .

PAA



HCP Overview

ÅAnalyzed 487 subjects from the 

Human Connectome Project

ÅThree analyses differing in imaging: 

1. Case 1: Large WM signal in imaging

2. Case 2: Weak WM signal

3. Case 3: No WM signal

ÅSame behavior dataset in 3 cases

ïLarge WM signal in behavior
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Behavior Data

ÅBehavior: 139 x 487 subjects

ÅNIH toolbox, in-task working memory, others

ÅNormalized with shifted log transform (Feng 

2016) 
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WM accuracy
WM response time

NIH Cognition



Imaging Data

ÅHCP estimated activation from two runs of 

same task for variety of tasks

ÅZ-stat subject images: 91,282 x 487
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Case 1:  strong working 

memory signal

2 bk ï0 bk contrast (faces, 

places, tools, body parts)

Case 2:  weak working 

memory signal

2 bk tool main effect

Case 3:  no working 

memory signal 

right hand motor task



Application: HCP
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Imaging & behavior
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