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Big picture
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Big picture
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Investigating the human brain
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Investigating the human brain

● Theory

● Behavioral studies

● Eye-tracking

● Neuroimaging
○ EEG

○ fMRI

○ fNIRS

● Patient studies

Casalnuovo et al. 2020; Crichton et al. 2020

Hansen et al. 2012

Turner et al. 2014; Sharafi et al. 2015; McChesney et al. 2019; Pietek et al. 2020

Busjahn et al. 2014

Siegmund et al. 2014; Floyd et al. 2017

Ikutani et al. 2014

?
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Understanding the human brain
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Understanding the human brain
Broad functions

● Vision

● Audio

● Motor control and dexterity

● Emotions

● Language
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Understanding the human brain
Early 90s

Slide adapted from Nancy Kanwisher’s course on The Human Brain (9.17, 2019)
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Broad functions

● Vision
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Understanding the human brain
Broad functions

● Vision

● Audio

● Motor control and dexterity

● Emotions

● Language

Faces

Color

Places

Words/letters

Bodies

Motion

Shape
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Understanding the human brain
Broad functions

● Vision

● Audio

● Motor control and dexterity

● Emotions

● Language

Responds to both comprehension and 

production

Across modalities (speech, written, ASL)

Responds to typologically diverse languages

Causally important for language
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Understanding the human brain
Broad functions

● Vision

● Audio

● Motor control and dexterity

● Emotions

● Language

● Multiple Demand system Broadly recruited in math, logic, 
reasoning, learning like tasks
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Understanding the human brain
Current understanding

Slide adapted from Nancy Kanwisher’s course on The Human Brain (9.17, 2019)
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fMRI
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fMRI
State of the art to investigate which areas of the brain involved in an action
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fMRI
Measures blood flow changes in a region of interest (ROI)
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fMRI

Face shown to a subject

Its corresponding signal

Time, in ms

%
 b

lo
od

 fl
ow
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ha
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e

Slide adapted from Nancy Kanwisher’s course on The Human Brain (9.17, 2019)

Absolute measurements meaningless. Comparative analysis.
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Programming
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Programming

Fedorenko, Ivanova et al, 2019

26



IIT Gn, 1 April 2021

Programming

Fedorenko, Ivanova et al, 2019

The parallel didn’t show up for music or math.

(Fedorenko et al, 2011, 2012)
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Experiment Design
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Where to look?
Broad functions

● Vision

● Audio

● Motor control and dexterity

● Emotions

● Language

● Multiple Demand system
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Understanding code?
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Broad functions

● Vision

● Audio

● Motor control and dexterity

● Emotions

● Language

● Multiple Demand system

1. Vision system activated

Understanding code
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Broad functions

● Vision

● Audio

● Motor control and dexterity

● Emotions

● Language

● Multiple Demand system

1. Vision system activated

2. Recognize characters, tokens to 

form statements and blocks.

Understanding code

31

Where to look?



IIT Gn, 1 April 2021

Broad functions
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1. Vision system activated

2. Recognize characters, tokens to 

form statements and blocks.

3. Understand what the code does

Understanding code
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Broad functions

● Vision

● Audio

● Motor control and dexterity

● Emotions

● Language

● Multiple Demand system

1. Vision system activated

2. Recognize characters, tokens to 

form statements and blocks.

3. Understand what the code does

4. Mentally trace it/debug it and 

calculate output.

Understanding code

33

Where to look?



IIT Gn, 1 April 2021

Broad functions

● Vision

● Audio

● Motor control and dexterity

● Emotions

● Language

● Multiple Demand system

1. Vision system activated

2. Recognize characters, tokens to 

form statements and blocks.

3. Understand what the code does

4. Mentally trace it/debug it and 

calculate output.

Code comprehension?
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Broad functions

● Vision

● Audio

● Motor control and dexterity

● Emotions

● Language

● Multiple Demand system

1. Vision system activated

2. Recognize characters, tokens to 

form statements and blocks.

3. Understand what the code does

4. Mentally trace it/debug it and 

calculate output.

Code comprehension
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Broad functions

● Vision

● Audio

● Motor control and dexterity

● Emotions

● Language

● Multiple Demand system

1. Vision system activated

2. Recognize characters, tokens to 

form statements and blocks.

3. Understand what the code does

4. Mentally trace it/debug it and 

calculate output.

Code simulation
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Broad functions

● Vision

● Audio

● Motor control and dexterity

● Emotions

● Language

● Multiple Demand system

1. Vision system activated

2. Recognize characters, tokens to 

form statements and blocks.

3. Understand what the code does

4. Mentally trace it/debug it and 

calculate output.

Code reading
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Broad functions

● Vision

● Audio

● Motor control and dexterity

● Emotions

● Language

● Multiple Demand system
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Where to look?
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General strategy

1. Use localizers to pin down the regions of interest (ROIs)
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Localizers for MD, Language system

Language localized regions
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MD localized regions

Localizers for MD, Language system
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General strategy

1. Use localizers to pin down the regions of interest (ROIs)
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General strategy

2. In those ROIs, measure code-reading activity

Localizer activity

Code-reading acitity
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General strategy

3. Infer whether that ROI processes code reading

Localizer activity

Code-reading acitity
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What to look for?

What code-reading activity should we measure?

45

What are the experiment conditions which will 
help measure such activity?
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Condition 1

Code versus Non-code
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Code versus Non-code

big_num, small_num = 64, 16

if big_num % small_num == 0:
print(1)

else:
print(0)
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Condition 1
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Condition 2

48

1. Vision system activated

2. Recognize characters, tokens to 

form statements and blocks.

3. Understand what the code does

4. Mentally trace it/debug it and 

calculate output.

Code understanding

big_num, small_num = 64, 16

if big_num % small_num == 0:
print(1)

else:
print(0)
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Condition 2
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Disambiguate code comprehension and code simulation
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Condition 2

big_num, small_num = 64, 16

if big_num % small_num == 0:
print(1)

else:
print(0)

filename = "alphabet.java"
modified = filename.split(".")

print(modified[-1])

You are given two numbers 64 and 16. 
If the remainder when the first number 
is divided by the second number is 0, 
you perform one good deed. Otherwise, 
you perform no good deeds. How many 
good deeds will you perform?

A file is named "alphabet.java". 
You split the name at the dot 
character. What is the last part of 
the resulting split?

50

sentcode



IIT Gn, 1 April 2021

Condition 2

51

code comprehension

code simulation

sentence comprehension

code simulation

filename = "alphabet.java"
modified = filename.split(".")

print(modified[-1])

A file is named "alphabet.java". 
You split the name at the dot 
character. What is the last part of 
the resulting split?

sentcode
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Condition 2

filename = "alphabet.java"
modified = filename.split(".")

print(modified[-1])

A file is named "alphabet.java". 
You split the name at the dot 
character. What is the last part of 
the resulting split?
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code comprehension

code simulation

sentence comprehension

code simulation

sentcode >
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Condition 3

height = 5
weight = 100
bmi = weight / (height*height)
print(bmi)

English identifiers Japanese identifiers

sincho = 5
taiju = 100
keisu = taiju / (sincho*sincho)
print(keisu)

53

Effect of meaningful variable names
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Condition 4
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Different control and data-operations

nums = [10, 2, 30]
prod = 1
for n in nums:

prod = prod*n
print(prod)

big_num, small_num = 64, 
16
if big_num % small_num 
== 0: 

print(1) 
else: 

print(0)

string1 = "onion"
new_string = string1[-
2:]
multiplied = 
new_string*4

print(multiplied)

Control – for, if, sequential Data – math, string
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Condition 5
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Kitten walks right, jumps, and then walks 
leftsent

code

Scratch Junior
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Setup
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● Two separate experiments – Python and Scratch Junior

● Python – 24 participants

● Scratch Junior – 19 participants

● No participant saw multiple versions of the same question
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Is the Language 
system processing 
code reading?
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***
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Is the Language 
system processing 
code reading?

Python
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n.s.
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Is the Language 
system processing 
code reading?

Scratch Junior



IIT Gn, 1 April 2021

60

Is the Language 
system processing 
code reading?

No!
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Are meaningful variable names driving the activity we see 
in Python?
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No!
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***
***
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Is the MD system 
processing code 
reading?

Python
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***
***
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Scratch Junior

Is the MD system 
processing code 
reading?
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Yes!

Is the MD system 
processing code 
reading?
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Does it generalize across control and data 
operations?
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66

Is the MD system processing code comprehension?

Python Scratch Junior

***
code problems       = code comprehension 

+ 
code simulation

sentence problems = sentence processing 
+ 

code simulation

Yes!

***
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67

The entire MD network is engaged 

Not just regions in the network known 
to be involved in math and logic

Is the MD system processing code comprehension?
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Summary
MD system

Language 
system

PY
TH

O
N

SC
RA

TC
H

 JR

Strong, generalizable 
responses to code

Moderate, task/language 
dependent (?) 

responses to code 68
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Another group comes to the same conclusion
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That’s great. 

How do I use this information to improve my 
code reading skills?
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Cognitive 
function 2

Cognitive 
function 1

ROI
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73

ROI

Working 
memory

Code 
comprehension
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fMRI is not the end-game though

Activity in the region Specialization

Activity in the region Specialization
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Well then …

● PL is not processed as a language by our 
brains

● Results from such neuroimaging research 
need to be applied carefully

● Lots of interesting behavioral and patient 
studies waiting to be explored!
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Thanks
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