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« Scientific question: how does behavior
relate to brain activity?

« Statistical problem: decompose two or
more datasets into
— joint + individual + noise

* Pressing problem in big data:

— Genomics and cancer research: Gene
expression, copy number, mutations

— Neuroimaging: Combine imaging modalities,
behavior, genetics
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Popular approaches

HEALTH

« Canonical correlation analysis: issues
whend; >nord, >n

» Partial least squares:
argmax,_ g, JVar (a;'X,)Var (a,'X,)Corr (a;'X1, a'X>)

* Challenges when d; > d,
1. Unit variance: X; dominates
2. Standardize by energy: X, dominates

 Joint & Individual Variation Explained
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nsubjects>
* Multiple Matrices | ¥
1
* Here, we focus on K = 2 d
d,d, = number of variables U
(i.e. features) noublects,
%6
d,

n = number of cases
(I.e. subjects or samples) Pl
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e X1 =41 +E =1 +L+E

e Xp=A,+E, =], +1; +E

* Focus on score subspaces of R":
1. row(J,) = row(J) c row(4y), k = 1,2
2. row(J) Lrow(l,), k = 1,2
3 L,NnL=0

e F, IS ISOtropic
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Toy example
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Toy example, cont.
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JIVE Schematic
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* Principal Angle Analysis developed
for JIVE by Feng et al

* Theoretical Version:

In R", Row(V;1) = Row(V};)
* Empirical Version:

In R, Row(V;;) =~ Row(V/},)
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«Stack RSV of SVDs of 4; and 4,

*Take another SVD, those RSVs are the
averages of matched noisy directions

Largest g,,, correspond to smallest PA:
0,, = acos(gs — 1)
*Threshold with bounds determined from:
1. Wedin’s sin thm bounds PA for J, + Ej,

2. Assumption of isotropy,
3. Sample noise directions to get thresh for 4,,.




HCP Overview

» Analyzed 487 subjects from the
Human Connectome Project

» Three analyses differing in imaging:
1. Case 1: Large WM signal in imaging
2. Case 2: Weak WM signal
3. Case 3: No WM signal

« Same behavior dataset in 3 cases
—Large WM signal in behavior
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« Behavior: 139 x 487 subjects
* NIH toolbox, in-task working memory, others

« Normalized with shifted log transform (Feng
2 O 1 6) Preprocessed behavioral data for one participant

3r ogm ion In 00Ibox
Imotor in NIH toolbox
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« HCP estimated activation from two runs of
same task for variety of tasks

« /-stat subject images: 91,282 x 487

Case 1: strong working

memory signal Case 2: weak working Case 3: no working
2 bk — 0 bk contrast (faces, memory signal memory signal

places, tools, body parts) 2 bk tool main effect right hand motor task

-4.770.05/0.045.69" "
E .|

-5.52-0.05/0.110.7°
| |
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* PAA: joint rank based on bounds
* |s joint subspace significant?
* We define a permutation test:

—Permute subject in behavior data

—Perform JIVE on imaging and permuted

behavior to generate new estimate, "1“)

— Calculate energy of ff)
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Separate Others
SV T o Case 2: weak working
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* |llustrated JIVE using 3 scenarios
varying in joint variation

» Cognition and in-task performance
reveal working memory activation

» JIVE provides new Insights: reveals
variation unigue to a dataset

* Focus on row subspace — great when
d, > d,
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* We focused on joint and individual loadings
« Did not discuss subject scores
« Analyzed population of healthy young adults

« Subject scores interesting in heterogeneous
populations:

— cancer studies: clustering as in PCA
* Future research:

— As alternative to contrasts, JIVE with 2-bk and
0-bk, look if working memory in individual

— Alternatives to variance: NGCA for multiple
blocks
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