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Wu Tsai Neurosciences Institute building (March 19, 2019)

o5 research labs (10 new hires)
Theory center (6 PIs)
Campus hub for 200 neuroscience labs
Building to be occupied fall 2019
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WU TSAI NEUROSCIENCES INSTITUTE - 2014-2019

Neuro-Discovery

Our scientists develop cutting-edge techniques to make
fundamental discoveries in brain science — discoveries that could
unlock new medical treatments, transform education, inform
public policy

Neuro-Engineering

Our engineers are developing ways to manipulate neural circuits
with electricity, light, ultrasound and magnetic fields. They are
inventing algorithms and theories to guide understanding

Neuro-Health

Our clinicians collaborate with scientists and engineers to pioneer
novel treatments for psychiatric and neurological disease, easing
the devastating consequences of diseases such as stroke, epilepsy,
and depression.




Stanford’s Center for Cognitive and Neurobiological Imaging (CNI)
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CNI: The most heavily used MRI research scanner on Stanford campus |

. ,/“: j 4. ',"I'.t_.'
; - CNI Investigators CNI Data

Users from Med School, Basic ‘
Sciences, Engineering, Ed School '
and Business School 6,000 subjects

More than 40 research groups

and 200 grants > 100 T of MRI data just at this one
center

More than 1050 students and
postdocs trained

e ——

: - Scanner uptime estimated at 99%



Talk plan: Neural circuitry for vision and reading

1. Experimental design for diagnosis

2. Advances in brain measurements with MRI

a. How much of the world can we see
b. Connections between brain regions

3. Storing, sharing and analyzing large data sets
 _



1. Experimental design for diagnosis

Goal: Determine as early as
possible the best way to help a
particular child to become a
successful reader

The distribution (blue) at the right
shows a population distribution of
a potentially helpful diagnostic
measurement

N = 1000 &0 Q 0}
[ Population distribution

Number of subjects

-5 o 5
Measurement value




1. Experimental design for diagnosis

Goal: Determine as early as
possible the best way to help a
particular child to become a
successful reader

The distribution (blue) at the right
shows a population distribution of
a potentially helpful diagnostic
measurement

The filled circles are
measurements from two children;
we would like to use the
measurement to decide how to
support the child

Number of subjects

40 N = 1000 &0 Q 0}
[ Population distribution
120
100
80
60 ‘
. Difficulty
40 Will }earn learning to read
Wlth. visually — use
remedial electronic aids
20T training now
o—@
-5 o) 5

Measurement value



1. Experimental design for diagnosis - the problem with group comparisons

This example shows a typical
group comparison one might see
reported in the literature

We would never use this measure
to diagnose a child — it does not
distinguish the groups well

Number of subjects

N =1000

140

[ Control
[ ITest

120

100 |

8o

60 -

40 ¢

20

Measurement value



1. Experimental design for diagnosis - the problem with group comparisons

* These are the same data as the 03 N = 1000
histograms, but plotted as a group (8 Control
comparison 025 |MEHTest

0.2

« We often see publications that %
show the mean and the SEM, as in > 015
this bar chart g’ o1

e The author might conclude that we g 005
have a potential biomarker, 0
although when N is large that will 005 *
not be true

-0.1

Control (u = 0) Test (u = 0.2)



1. Experimental design for diagnosis — summary

Use experimental designs for single subjects
and choose experiments and analyses that

can diagnose individuals, not groups



2. Advances in cortical mapping — why use neural measurements

It may be possible to find
satisfactory methods using only
behavioral measures

« The interest in brain imaging arises
because of concerns about the
reliability of behavior

« The possibility that neural measures
will help with diagnoses is a hope
for now




2. Advances in cortical mapping: eccentricity map
(Engel et al., 1994,1997; Sereno; Tootell, DeYoe; Others)

 Inflated brain
« Gray/white
are sulci/gyri




2. Advances in cortical mapping: eccentricity map




2. Advances in cortical mapping: angular map




Summary point: Visual field maps

366 Neuron 56, October 25,
2007

Winawer Brewer

Neuron

Visual Field Maps in Human Cortex

Brian A. Wandell,' * Serge O. Dumouin,’ and Alyssa A Brewer”

‘Pwcnciogy Oecertment. Stantors Unwvensly. Gtardors, CA 9006 2130, LUSA
Degartvent of Cogrithve SConces Uriversdy of Calorma. vrw. Irvne. CA 897 USA
“Cor A@aurdoro 03

OO4 10 10184 newron 2007 10 012

Much of the visual comex s organizsed Mo visual fisld maps: nearty neurons Nave receptive teids at
neartyy locations in the image. Mammalian species generally have multiple visual field maps with esch
species having similar, but not identical, maps. The introduction of functional magnetic resonance
imaging made it posaidie 1o identify visual fieid maps in human cortex, including several near (1) me-
dial occipital (V1. V2.V3), (2) ntersd oocipital (LO-1.L0-2, hMT+), (3) ventral cccipital hvd, VO-1, VO-2),
{4) darsal occipital (V3A, V38), and {5) postenar parsetal cortax (IPS-0 to 1PS.-4). Evidence = accumu
lating for additional maps, including somae in the frontal lobe. Cortical maps are aranged into chustors
in which several maps have parallel eccontricty representations, while the angular represontations
within a chustor atemats in visual feld sign. Visual field maps have been linked to functional and per-
ceptual properties of the visual system at various spatial scales, ranging from the level of ndivioual
MAaps 1o Mmap cluaters 10 dormal-ventral streama. We survey recent measuraments of human visual
fiedd maps, describe hypothoses about the function and relationships between maps, and consider
methods 1o Imprave map meanurements and chavacterize the response properties of Neurons Com-
prising thess maps

Vision Research 51 (2011) 718-

Contants | ot ScancaOuect . aon

Vision Research

journsl hamepage: www. elsevier.com/iocate/visres e 00 o

Review
Imaging retinotopic maps in the human brain
Brian A. Wandell *, Jonathan Winawer

Foctelog Deparrvure, Sasfard Doy anford (A WOALL Usaad wers

ARTICLE INTO ABSTRACT

Avncie \astary A Geaner (eulury ago visiul crunoscentisty had Iotle eAxmanon about (e oumder 0 organiuistion of
Revevwed 5 Apni! J010 PENOsopEc Magn I temun vissadl conen, The sdvest of functionsl magaets rmvenance imagng (NRIL &
Waishad it revhnt S 2 Angust 3010 noB-drvastve, ipasally resadved techraque Sor Measuning beain actvity, provided & wealth of data sbos
Avellihie antiee § Augess 30v0 Puman retinatopc mags Just as theve ate Gilferences amongst tee-Numans peamate maps, the bamin
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2. Advances in cortical mapping: functional specializations
RIGHT, bottom Iront LEFT, bottom

-

« Ventral occipito-temporal
cortex (VOTC), near the visual
field maps, contains several
specialized processing regions

« Each region responds better to
some class of stimuli than
others (functional
specialization)

e The visual word form area
(VWFA) is one of these
specializations

____________

- Faces > objects . Places > objects . Words >objects wmmm MES

Limbs > objects . Objects >scrambled * Fovea

Grill-Spector and Weiner

Nature Reviews Neuroscience, 2014




2a. Advances in cortical mapping - the field of view

o Amano et al. 2009 =5 |
s ‘ i
"
take

* A single voxel within, say tu

wa

Dumoulin
it

V1, responds to a small gav

part of the visual field f
and thus has a small

field of view

y =0.24 deg.

R , o = 0.25 deg.
o i
& 1.2- {
S .
—
8 os
§~°’ 06-
3 oa.
2
‘-3 02
E
< 0.

3

T 0

-1 ~. oF
y (degrees) “ P -2 X (degrees)




2. Advances in cortical mapping — the field of view of V1

A single voxel within, say
V1, responds to a small
part of the visual field
and thus has a small
field of view

« Combining the pRFs from

the voxels in a region, say
all of V1, describes the
region’s field of view

Amano et al. 2009




« Using these methods,
we have learned that
the portion of cortex
engaged in reading
only sees a small part
of the visual field — it
has a small field of

vView

« We can measure these
in individual
participants

Field of view in reading circuitry of a single subject

Measure .
the VWFA
region




2a. Advances in cortical mapping —VWFA field of view in different subjects

« There are significant
differences between
participants

« We will correlate these
differences with
measures of word
recognition and eye
movement patterns




2. Advances in cortical mapping — summary

The visual circuitry for seeing
words can be identified and
certain properties, such as the
field of view, can be reliably
estimated in single subjects. These
measurements are quantitative
and might help diagnose part of

the reading circuitry.

Review

Trends in Cognitive Sciences Ce“

June 2015, Vol. 19, No. 6 349

Computational neuroimaging and
population receptive fields

Brian A. Wandell' and Jonathan Winawer’

' Psychology Department and Neurosciences Institute, Stanford University, Stanford, CA, USA
“Psychology Department and Center for Neural Science, New York University, New York, NY, USA

Functional magnetic resonance imaging (fMRI) noninva-
sively measures human brain activity at millimeter reso-
lution. Scientists use different approaches to take
advantage of the remarkable opportunities presented
by fMRI. Here, we describe progress using the computa-
tional neuroimaging approach in human visual cortex,
which aims to build models that predict the neural
responses from the stimulus and task. We focus on a
particularly active area of research, the use of population
receptive field (pRF) models to characterize human visu-
al cortex responses to a range of stimuli, in a variety of
tasks and different subject populations.

Receptive field models

For more than 75 years, visual neuroscientists have relied
on the receptive field concept to make progress in the face
of limited knowledge of the neural circuitry (3], Sherrington
4] coined the phrase ‘receptive field' to describe the region
of skin from which a scratch reflex could be elicited: “The
“receptive field" may be conveniently applied to designate
the total assemblage of receptive points whence by suitable
stimuli a particular reflex movement can be evoked' ([4], p.
32). Hartline applied the concept to visual neurons |5].
Hartline’s initial definition, similar to Sherrington's,
emphasized the spatial extent of the receptive field: ‘No

Neuron

Diagnosing the Neural Circuitry of Reading

Brian A. Wandell"" and Rosemary K. Le
'Psychology Department, Stanford University, Stanford, CA 84305, USA
‘Comaspondence.




2b. Connections between brain regions

« There are many long-
range connections

« These connections
are not passive — they
change their
properties in
response to use

« A system with active
wires

Courtesy Professor Ugur Ture



2b. Connections between brain regions - tracts

Left
IFOF

150 Directions, 2 mms3, B=2000 projected on a 1 mm3 T1 anatomical image

- ' Introduction
to LiFE

Evaluation and statistical inference for human
connectomes

Franco Pestilli, Jason D Yeatma

@ PLOS | saigemona:

Extension to
— ensemble
. method

Ensemble Tractography
G -

Annual Review of Neuroscience
Vol. 39: 103-128 (Volume publication date July 2016

Review of
diffusion
Brian A. Wandell imaging

Deparment of Psychology snd Neurvsciences Institure, Sunford University, Stnford
al et 34305, cmail: WandelM@stanford ods



2b. Connections between regions — good and poor readers develop differently

« Measured brain and behavior at 4
time points (data management!)

* The first measurements predict
reading over the next few years

« The rate and direction of FA
development differs between good

and poor readers in the Arcuate and
the ILF

Fractional anisotropy
(FA)

Displaced vertically
for each participant
Ordered by slope
Colored by reading
score

Left ILF

:

.......ﬁ...,
il

e

asb€mdi
JILUall

Year

Blue: Good readers
Red: Poor readers



2b. Connections between regions — good and poor readers develop differently
(Yeatman et al., 2012, PNAS)

« Development measured Left ILF
] 140 ! —
by dMRI in the ILF and - -2
Arcuate, but not others 130} 2 .
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2b. Connections between regions — people differ

Specialized processing for
faces, words, other things



2b. Connections between regions — can this difference be a factor in poor reading?




Circle back to the beginning distribution

140 N = 1000 SAICISEA)
. [ Population distribution
* Goal: We want a measure with
. . . . . 120
its population distribution that
we can use to assess a child 100
3
3
. . o
* For the neuroimaging = 80
measures, FOV size or tract FA, qf
we must collect, store and be 2 60 '
able to analyze large datasets Z 40 Will }eam learning to read
Wlth. visually — use
« This requires sharing data and 20 remedial electronic aids
) training Nnow
using a database that can be
used for computing and 0_5 @ 5 -

comparing Measurement value



4. Data and computational management: both are important for diagnosis

Most MRI Centers provide one of these data
retrieval options from the MRI scanner

« Copy data to CD, DVDs, USB hard drive
« Copy to a server and remote login

Data and metadata are transferred to a system
controlled by a student or post-doc

Limitations — reuse and sharing become
burdensome; metadata and pre-processing
information are frequently lost

-
Data transferred to laboratories
from the scanner




4. Data and computational management: both are important for diagnosis

Archiving MRI Center data eliminates the
need for users to gather the data again for
publication

The data should be available through a
platform-independent web browser to
simplify access

Basic tools, such as search, visualization,
and pre-processing can be available
through the browser

The data are ready for sharing and reuse;
metadata can be stored; pre-processing
methods shared can be shared

Data transferred to laboratories
from the data system



Modern Informatics Platform
for Biomedical Research and Collaboration

Cloud-Scale Research Solution

Clinical & Research Data Research Applications

Imaging Modalities Machine Learning

PACS / VNA Imaging Research

Any Research Data Multi Center Studies

Data Privacy & Regulatory Compliance

I am a co-founder
of the company

FLYVHEEL



4. Data and computational management — computation

Video

FLYVHEEL SOC ECoG (Hermes) e 5 5 0093 :
SVIP (Philips) st 139 139 309 Admk
»  The algorithms oATA ) :
. : SVIP Released Data (SIEMENS) : 283 281 W J. 1 2® - Admin
you used and their e
parameteI'S are SVIP: Unreleased Data e 81 81 i&j 1 3 a Adm
stored in the TBI: NeuroCor oot 5 5 §@ Adm
Provenance tab Templates Adult e 4 4 .&J S 2 1 L3 i
H . Templates Macaque T 1 1 é; (53 . 2D Adm
’ ereis a
Freesurfer run Templates Neonatal plate 12 12 é] n. s 2
Templates Pediatric - 6 6 ‘i] ﬂ. o\ :
UMN e 164 158 HODOT -
Ve ) s 3 3 @J Q *




Search

Batch Processing - Brain Labeling etc..

* Index all metadata
« Visual search

 |n project

« Across projects

« Act on results

« Save to collections
« Download

 Batch process (Gears)
* Create ML Training Set

FLYVHEEL



Machine Learning Workflow

e PACS

e VNA

e Healthcare
API

Clinical
Images

Supplemental
Reports

FLYWHEEL

Prepare Training Data
Train (re-train) Models
Deploy Models for Testing
Classification & Labeling
Visual ROIs / Labeling

Train, Validate, Test
Track Everything

Training
Data

O >
<=
Trained
Models

Machine Learning
Tools

1 :
O PyTorch

& <

Auto ML
Vision API

Cloud ML

FLYVHEEL
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Experimental design for diagnosis
Advances in brain measurements with MRI
a. How much of the world can we see

b. Connections between brain regions

Storing, sharing and analyzing large data sets
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