
A few questions on the content of the 
previous lecture
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A critical period reflects ..., after which the individual is ... to fully 
acquire those abilities.

ⓘ Start presenting to display the poll results on this slide.
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The arcuate fasciculus ensures a 
communication pathway between ... and ...

ⓘ Start presenting to display the poll results on this slide.
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There are two language processing pathways; a dorsal stream 
which maps ..., and a ventral stream which maps ...

ⓘ Start presenting to display the poll results on this slide.
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Outline

1. Reading

(a) neural substrates 

(b) pure alexia and dyslexia

2. Numeracy

(a) correlates

(b) dyscalculia  
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Reading
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The ability to read and write is a cultural invention of enormous significance => enables humans to exchange ideas 

without face-to-face contact => our historical knowledge of previous civilizations is derived almost entirely from 

literate cultures. 

Literacy, unlike speaking, requires a considerable amount of formal training. It is however too recent an invention to 

have evolved specific neural substrates, having first emerged around 5,000 years ago. Universal literacy has only 

occurred in western societies over the last 150 years.

The earliest writing system (i.e., cuneiform) 
emerged between 4,000 and 3,000 BC in
Sumer (southern Iraq).

A true writing system is one where symbols are no

longer pictograms of concrete objects, but represent 

sounds of words.
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https://www.youtube.com/watch?v=VFIZDZwdf-0 

Dehaene, (2009), p. 24, from McConkie & Rayner, (1975)

we consciously process 

only a very small subset 

of our visual inputs

we can read words presented on the

periphery of our visual field if  letter 

size is increased to compensate for the 

loss of retinal resolution

Dehaene, (2009), p. 24
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https://www.youtube.com/watch?v=VFIZDZwdf-0


invariance problem

being able to identify words

regardless of how they appear, 

whether in print or handwritten, 

in upper- or lowercase, and 

regardless of their size

Dehaene, (2009), p. 30
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word superiority effect

we are faster to report the presence of 

a target letter if it is part of a (pseudo-)word

than part of a random string of letters

bottom-up cognitive mechanisms

when the physical characteristics of a 

stimulus shape our perception, irrespective 

of prior knowledge

top-down cognitive mechanisms

when we use our background knowledge 

and expectations to interpret what we see
In a lexical decision task (which is a two-alternative forced choice type

of task) => Nonwords (also called pseudo-words) are much faster to 

reject if they do not resemble known words.

Ward, (2020), p. 335
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https://www.psytoolkit.org/experiment-library/ldt.html 

Lexical Decision Task - demo
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https://www.psytoolkit.org/experiment-library/ldt.html


https://pubmed.ncbi.nlm.nih.gov/20964882/ 

The neuronal recycling hypothesis (Dehaene & Cohen, 2007)

Cognitive capacities such as reading and mathematics have emerged too recently for evolution to have 

generated specialized cortical circuits . Such cultural practices must be learned, and the brain structures 

that support them must therefore be assigned and/or shaped during development. 
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Visual Word Form Area (VWFA)

Li et al., (2023), https://www.biorxiv.org/content/10.1101/2023.06.15.544824v1 14

https://www.biorxiv.org/content/10.1101/2023.06.15.544824v1


https://www.nitrc.org/projects/surfice/

Use this open-source software to load 

neuroimaging files for visualization

Scroll to the bottom of the page

and download the installer file

suitable to your os (e.g., “windows”)
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Plot the VWFA on an inflated brain template in Surf Ice - demo

Use this website to download activation maps (in .nii.gz 

format; nii = Neuroimaging Informatics Technology; 

gz = compressed using Gnu Zip (gzip) software)
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Use this open-source software to load 

neuroimaging files for visualization
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Use this website to download

activation maps (in .nii.gz format;

nii = Neuroimaging Informatics 

Technology; gz = compressed 

using Gnu Zip (gzip) software)

https://neuroquery.org/



https://www.nitrc.org/projects/mricrogl

Use this open-source software to load 

neuroimaging files for visualization

Scroll to the bottom of the page

and download the installer file

suitable to your os (e.g., “windows”)

and more visualization options using scripting

https://www.nitrc.org/plugins/mwiki/index.php/mricrogl:MainPage#Scripting 
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https://www.nitrc.org/plugins/mwiki/index.php/mricrogl:MainPage#Scripting


https://www.youtube.com/watch?v=CW8lF5LXjtc 19

https://www.youtube.com/watch?v=CW8lF5LXjtc


pure alexia or letter-by-letter reading

Reading is often accurate, but is far too slow and 

laborious to be of much help in everyday life. 

Historically, this was the first type of acquired dyslexia 

to be documented and it was termed pure alexia to 

emphasize the fact that reading was compromised without

impairment of spelling, writing or verbal language.

developmental dyslexia 

problems in literacy acquisition (reading and/or spelling) 

that cannot be attributed to lack of opportunity or

other known causes (e.g., deafness, brain injury)

phonological awareness

the ability to explicitly segment a speech

stream into units such as syllables, rimes 

and phonemes

dominant 
theory

acquired disorders of reading and writing 

or acquired dyslexia/dysgraphia 

the various patterns of performance exhibited by 

previously literate adults whose literacy abilities 

are no longer in the normal range, in one or more 

respects, following brain disease or injury
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https://www.youtube.com/watch?v=LJ4EzU9xYAI https://www.youtube.com/watch?v=GJZnpd4NQ98 

Acquired reading disorders – case studies
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https://www.youtube.com/watch?v=LJ4EzU9xYAI
https://www.youtube.com/watch?v=GJZnpd4NQ98


https://pubmed.ncbi.nlm.nih.gov/33118931/ 
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https://pubmed.ncbi.nlm.nih.gov/33118931/


https://www.nature.com/articles/s41598-023-35932-9 

We can download and visualize their 

VWFA mask (openly available at

https://osf.io/4qhdb/) using Surf Ice
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https://www.nature.com/articles/s41598-023-35932-9
https://osf.io/4qhdb/


Numeracy
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Becoming skilled at mathematics in the modern world requires learning of arbitrary notations and their 

meaning (e.g., +, –, >), as well as specific procedures (e.g., for calculating the circumference of a circle). 

Over and above this acquired knowledge, humans and other species appear to have a more basic set of 

numerical abilities that enable them to estimate quantity and perform basic calculations. It is in this more 

fundamental sense that numeracy can be said to be universal.

Bakhshali manuscript (224–383 AD)

the earliest known Indian use of a zero symbol

https://www.scientificamerican.com/article/what-is-the-origin-of-zer/ 

https://www.quantamagazine.org/animals-can-count-and-use-zero-how-far-does-their-number-sense-go-20210809/ 
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https://www.scientificamerican.com/article/what-is-the-origin-of-zer/
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https://www.youtube.com/watch?v=2XLe2HFO3ZY 

Simple arithmetic in infants has been studied

using a paradigm called violation of expectancy. 

Infants look longer at unexpected events.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6440373/ 
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https://www.youtube.com/watch?v=2XLe2HFO3ZY
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6440373/


subitizing

(from Latin: subitus = sudden)

he capacity to enumerate

an exact quantity of objects 

without counting them

Ward, (2020), p. 363Parrish, A.E., Beran, M.J. (2022). Approximate Number System (ANS). In: Vonk, J., Shackelford, T.K. (eds) 
Encyclopedia of Animal Cognition and Behavior, pp. 381 - 386
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Ward, (2020), p. 368

FIGURE 14.16: The three components of Dehaene’s Triple-Code Model are: 
(a) a semantic magnitude representation; 
(b) a verbal store of arithmetical facts; and 
(c) a visual representation for recognizing numerals and a “workbench” for 
performing certain calculations. 
From: Dehaene & Cohen, 1995.

Ward, (2020), p. 376

28



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5987869/ 29

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5987869/


Eventually, she found success by memorizing the shapes of words. 

It was slow going at first, but around the sixth grade Drennan 

remembers hitting a tipping point. Her vocabulary had grown large 

enough to allow her to effectively read.

Drennan eventually went on to earn a Ph.D. from the University of Michigan in 1995. Today, she runs a chemistry lab at MIT exploring how proteins 
and enzymes in the human body interact with each other using computer generated models of their cellular structure.

In a way, Drennan says her dyslexia has been helpful in her research. Because she has become so skilled at recognizing shapes and interpreting what 
they mean, she’s able to notice details that other people in her lab often miss in those cellular pictures.

“People say we shouldn’t say ‘disabled’ we should say ‘differently abled’ and I totally believe that’s true for me,” she says.

https://biology.mit.edu/the-world-is-open-to-me-now-a-scientist-with-dyslexia-on-how-learning-to-read-changed-her-life/ 
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https://biology.mit.edu/the-world-is-open-to-me-now-a-scientist-with-dyslexia-on-how-learning-to-read-changed-her-life/


Further resources
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https://journals.biologists.com/jeb/article/224/6/jeb218289/237916/Neuroethology-of-number-sense-across-the-animal 
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