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¢Data

¢Data science

®Data science in neuroscience

‘What is data?

Data i

calculation which typ:

information and must be proc:

Information is the state of the s

Data analysis is the act of transforming data with the aim of extracting
useful information and facilitating conclusions.
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http://www.m-w.com/
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Data analysis example

® Data: EEG (electroencephalogram)

» Data processing: Amplification, filtration, sampling & quantification.

Data analysis example

Information: The state (sleep-wise) of
the patient in one of the known stages.

Data analysis: Based on assessing the

power, pattern and frequency of the
EEG and fitting to known sleep stages

the state of the patient is found.

Data vs. Information

@ Data: Electroencephalogram (EEG)

2 byt 1000 samp * 60 seconds

0KB ~ 1 Mbit

® Information: Sleep states

7 states ~

This is not ALL the information in the data, but
it is the relevant information.
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Data analysis is not ne

erving data forms the b. ence and invent

& Quantitative approaches to data analysis developed rapidly during the 20™

century.

© Many of the major issues related to data analy re not new either...

Ronald Fisher

The father of modern statistics

1935 The design of experiments

“Correlation does not imply

jectivity in data science:

Avid smoker who fought studies linking smoking and cancer

Ethics in data science:
1. Supporter of eug
2. Maintained that races are not equal intellectually

Data is useful for drawing conclusions
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ver, data does not necessarily
solve controversies

e Diet and Mortality from Heart Disen

Big Data

¢ Explosion in the amount of data Information Greatad Worldwide =

o e et decaliesiong
" & Structured ( Tagged
-
s & devi
¢ Social media
Enterprise data

2108
iz
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Big data properties

hange in data properties:

& Volume — number of data elements and datasets
@ Velocity — speed of new data generation and moving around
Y y — multiple types of data which are mostly unstructured

@ Veracity — increase in the messiness and decrease in trustworthiness

(Bernard Marr - Big Data)
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Outline

¢Data

®Data science

®Data science in neuroscience

What is data science ?

© “Data Science is a new term. But in the same Columbus was discovered
NEW continent 1000 years ago” (Hector Gar na, Stanford)

mely ill-define

© Data science - Management, manipulation, extracf , and interpretation of
knowledge from large amounts of data

© Data science is a multidisciplinary field of stu
computer science, engineering and other dis
challe of big data

Data science — interaction of multiple fields

DOMAIN
EXPERTISE
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https://hbr.org/2012/10/data-scientist-the-sexiest-job-of-the-21st-century
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The fourth paradigm o,

Experimental Science
cription of na

& Last few hundred

ell’s Equations.

Computational Science

Simulation of comy henomena FOURTH

¢ Today — Data-Intens PARADIGM

Scientists overwhelmed with data sets from many different sources

Data-science €<—> Machine learning

Same or different???
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Data in Neuroscience

¢ Data in neuroscience is ill defined as:
“anything which has to do with brain and/or behavior”.
o Physiolo
> Anatomy
© Biochemistry

Data science in Neuroscience

& Usage of data scie i nachine learning i ing in all
fields of neuroscience (and especially systems neuros

2002 2007
Vear

(Glaseretal.

Data science
Structural neuroscience (Neuroanatomy/Neurohistology)

@ Clinical science
pathol

ment pathological areas

o Identify cell types and sub-cellular components

& Reconstructing morphology
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Classification of different states based on MRI images

Infarction

[
| Hemorrhage
s/

| Tumor
)

Convolutional Layer  Pooling Layer Astificial Neural Network Output

Supervised learning for histology

Classification

Labelled WSI Patch extraction

Tumor segmentation

Unsupervised learning for histology

Low dimensional latent

representation of the input

Bottleneck

z
€}

Input WS| Reconstructed WS|

(Srinidhiet al., 2020)
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Neuron reconstruction

1. Raw Images. 2. Segmentation

DeepNeuron - Neuron tracing

E Mapped 30 Detection

Supervised learning
in systems neuroscience

Engineering — using neural signals for
Aaheimers

interaction with compu ‘machin

=3 Machine Disease
3 toaming =)
* Healthy
Ml

Identify brain areas (and/or neurons)

ML Mad: Prediction
Performance

predictive of a classification.

Relating simple models (population code or
simple MAP model) to ML

=

4-Serving as a Model for the Brain

epees
sobose

sossen
bessssese

Comparison of brain implementation to ML @
implementation : :
.

(Glaser et al. ProgNeuro, 2019)




Neuroscience data
Electrophysiology

¢ Historically, a few neurons were recorded simultaneously for short periods.

ntly: ~

© Raw data

960 contacts

~100 electrodes - dozens of concurrently recorded neurons

tly r d neurons for prolonged periods

1000 electrodes = hundreds of conc

a typical experiment of 50 one-hour sessions:
s * 2 bytes/sample * 3600 seconds * 50 s

40K samples

13,824,000,000,000 = 13.8 TB

se0zees, 1em

UCL, Neuropixels

Neuroscience data — Electrophysiology
Neuropixels

visual cortex
TP o Ty 5

e
hippocampus. el »"1‘\";“7

& n
) ) %2 25 Souwrats
¥ U7 thalamus ‘-

Probe 1 Probe 2
388 neurons 443 neurons

example data

Neuroscience data — Electrophysiology
Current methods do not scale up

® Data pre-processing, e.g. spike sorting

¢ Data presentation: manual examination fails for large datasets.

o The complexity of neural interaction identification grows exponentially.
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Neuroscience data

2 photon calcium imaging

Microscope

C ) o3 Spherical
—Qea® R

O

(su0) peads

@ Running speed

SEMAE o iy

Mapping brain activity at scale with cluster computing, Freeman et al. 2014, Nature Methods

Decoding brain activity
DNN

Classification of brain activity to
different sensory stimuli

Decoding brain activity

Generalized linear model (GLM)
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Behavioral data

o Structured behavior

Limited number of possible behaviors

¢ Unnatural

¢ Unstructured behavior
Very large number of possible behaviors

Unstructured

o Natural

DeepLabCut

(Mathis et al

DeepLabCut
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Neuroscience data
Behavior

Marker Kinematics
| Head

l Trunk
Hindlimb

Forelimb

Continuous Whole-Body 3D Kinematic Recordings across the Rodent Behavioral Repertoire, Marshall et al., 2021, Neuron

From pose to simple behavior

image postura 2r nonlinear
processing nme tio embedding

From simple to complex behavior
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Linking behavior to neuronal activity

The reverse pathway

Can we use our understanding of computer
science or data science to shed light upon
neuroscience?

Relating DNN activity to the visual system

- fl"’:«»,mmf
=g, i o =T
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Could a Neuroscientist Understand a

Microprocessor?

2000
120:00

a. Donkey Kong (DK) b. Space Invaders (SI) c. Pitfall (PF)

(Joans & Kording, PLoS CompBiol, 2017)

Anatomy

{F).(G) wtmatoly prodcing a

Lesions which impact single behavior
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Tuning curves

simple tuning

mean respons

mean response

uminance

b.

Fig 6. Quantifying tuning curves to understand function. Mean transistor response as a function of
pio ®)

g

Known functionality

Summary

acting information from data is a major challenge in research

The exponential growth of the volume of ur tured data led to a focus on data science.

Multiple fields within neuroscience provide huge da

Neuroscience utilizes ke ommodate its dataset

Data science solutions may provide insights regarding brain data processing
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