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Genetics, Neuroimaging, and Behavior 
>2500 Healthy Individuals  
>1000 Individuals with Psychotic Illness 

>250 with MRI  

Insel  2010

Development of Brain Risk States
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Baker et al. 2014, JAMA Psychiatry
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Risk for Psychosis 
Polygenic Risk for SZ 
North-American Prodromal 
Longitudinal Sample (NAPLS) 
McLean Early Psychosis Program
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Individual Brains are Different



Wang et al., Molecular Psychiatry, 2019



Individualized ROIs

Atlas-based ROIs

Pr
ed
ic
te
d

35

Schizophrenia

Bipolar Disorder
N=55

N=76

W
ei

gh
t

Wang et al., Molecular Psychiatry, 2019



Sensor Networks

Feature Extraction

Feedback

Latent Construct Models

Motors & Actuators



• Training can take months (~30 
hours training, often spread 
out over several weeks)

• Administration and scoring 
takes 3-4 hours per 
participant.

• Highly Subjective
• Poor inter-temporal, inter-rater 

reliability

Behavioral Assessment is Challenging 
and Human Resource Intensive
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Schizophrenia

Bipolar Disorder

Schizoaffective disorder

Major Depressive disorder

Distance between points signifies 
similarity in symptom profiles at time of 
evaluation using standard measures 
(PANSS, MADRS, YMRS, SCID).



Capturing Real World Heterogeneity

Our illnesses have huge heterogeneity in presentation, which could obscure 
differences in biology based on group comparisons.  

Unless we are capturing this heterogeneity accurately, scale will not help.



Latent Variable Approach to Psychiatric 
Construct Definition



Latent Variable Approach to Psychiatric 
Construct Definition



Latent Variable Approach to Psychiatric 
Construct Definition









What brought you into the hospital?
Has anything in particular been on your mind recently?
What are you goals for this hospitalization?
How are people treating you here? 
How’s the food been?
How’s your mood?
How’s your thinking?
How’s your energy?
How many hours have you slept?
How’s your self-confidence now compared to usual for you?

Q1 
Q2 
Q5 
Q6
Q7 
Q8 
Q9 

Q10 
Q11 
Q12

N/A

Facial Action Amplitude

High

Low

Pa
rti

ci
pa

nt
Ev

al
ua

to
r

Q1 Q2 Q3 Q6-8 Q9-10 Q10-11 Q12 end

smile

smile

speech

speech

squint

squint

frown

frown

brow furrow

brow raise

brow raise

5-10 min brief encounter

MDAlone



Unusual Thought Content (PANSS)

Q2

r=-0.744 r=0.752

Depression (BPRS)

r=0.656

Alone Alone

Q12 Q12

r=0.739 r=-0.578

Delusions (PANSS) Negative Sxs (PANSS)

brow furrow brow raise smile

brow raise smile

r=0.680

Negative Symptoms (PANSS)

Pr
ed

ic
te

d

Observed

What brought you into the hospital?
Has anything in particular been on your mind recently?
What are you goals for this hospitalization?
How are people treating you here? 
How’s the food been?
How’s your mood?
How’s your thinking?
How’s your energy?
How many hours have you slept?
How’s your self-confidence now compared to usual for you?

Q1 
Q2 
Q5 
Q6
Q7 
Q8 
Q9 

Q10 
Q11 
Q12



0.0

0.8

0.4

0.4

0.0

-0.2

0.2

Pe
ar

so
n’

s 
C

or
re

la
tio

n

-0.4

Pe
ar

so
n’

s 
C

or
re

la
tio

n

Depression Rating 
Scale

BPRS

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10

A
lo

ne
A

lo
ne

Q11 Q12 Q13 ALL

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 ALL

PANSS-Positive PANSS-Negative PANSS-General

What brought you into the hospital?
Has anything in particular been on your mind recently?
What are you goals for this hospitalization?
How are people treating you here? 
How’s the food been?
How’s your mood?
How’s your thinking?
How’s your energy?
How many hours have you slept?
How’s your self-confidence now compared to usual for you?

Q1 
Q2 
Q5 
Q6
Q7 
Q8 
Q9 

Q10 
Q11 
Q12

r=0.680

Negative Symptoms 

Pr
ed

ic
te

d

Observed



Voice as a psychiatric VS?

o
ia



Voice as a psychiatric VS?

PANSS Negative Total 
PANSS Suspiciousness 

PANSS Neg Blunted Affected 
PANSS Neg Emotional  Withdrawal 

PANSS Neg Social Withdrawal 
PANSS Neg Speech Flow 

PANSS Gen Depression 
BPRS Depression  

BPRS Bizarre Behavior 
BPRS Blunted Affect 

BPRS Emotional Withdrawal

Constricted Vowel Space Expanded Vowel SpaceTypical Vowel Space

+0.50.0-0.5
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Expressivity as a psychiatric VS?

Entire InterviewAlone Time

Item-level Symptom Severity with Facial Expressivity

R (correlation) R (correlation)



Relationship of Automatic and Conventionally 
Acquired Measures
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Syndromes change over time



Intensive Longitudinal Case Series 
in Bipolar Disorder



• Multimodal, multi-
time scale 
behavioral 
recordings robust 
to changes in 
exposome, 
development, 
and illness 
fluctuations.

“Deep Phenotyping”
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•

Actiwatch

external stream

native sensors passive
activequestions / sliders 

• cognitive test

• web pointer alert 

• server •
XNAT 

backend

•

• server

raw

Android / iOS 

• MRI 
data

•

Deep Phenotyping in Severe Mental Illness

• Started in early 2016
• Continuous monitoring of 15 individuals with chronic forms 

of bipolar disorder and schizophrenia in real-world 
settings and serial study visits.

• Randy Buckner (Harvard), JP Onnela (HSPH)
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Six Individuals with Mental Illness
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Activity classification with wearable sensors



• •

•
•

Johnson et al, 2016

Learning a Behavioral State Space



Building Behavioral Fingerprints

•







Device EHR

• •



• Real time recordings of wrist actigraphy and medication 
administration times reflected in the electronic health record

ONSET OF ACTION

time (min) Lorazepam 1mg PO

Device EHR
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Power Spectral Density and Raw Accelerometry 
over 3 minutes as Exercise Epoch is Ending
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1000 days of behavioral changes10 seconds of behavioral changes

Using Behavioral Variation to 
Understand the Brain and Disease 
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Latent Variable Approach to Psychiatric 
Construct Definition



Questions?
jtbaker@partners.org


