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We are not Meant to Read

• Unlike spoken language, reading is a 
cultural invention and a learned skill.  

• Evidence for silent reading in antiquity, 
but reading became an activity enjoyed 
by the mass public only in the 1800s.  

• We are not born with dedicated neural 
hardware to support reading.

• Immersed in a library of books, a child will 
not learn to read; reading requires ~10 
years of dedication, instruction, and 
practice.

Presenter
Presentation Notes
Despite ubiquity and apparent ease of reading for adults, it is not a universal part of human experience. 
Reading as a recent invention and learned skill.  
Unlike spoken language, it will not be ‘picked up’.  It requires ca. 10 years of dedication, instruction & practice. 

 



The Challenge of Reading

Sounds Meanings

Oral Language System

Letters

punt
pint
pant
pink
punk

punt
pint
pant
pink
punk

Presenter
Presentation Notes
Reading driven by recognition of single words, though higher level processes (narrative, syntax, exquisite eye movement control) also important.  Focus here on how we develop ability to recognize single words.

Child comes to reading with a well developed oral language system.  The challenge of reading is to learn to map letters onto that oral language system. 

We really want to associate letters to meanings – that is the point of reading.  However, it is clear that mapping has a very low degree of systematicity.  Words that look similar don’t have similar meanings.  If you learn the meaning of ‘punt’, that doesn’t help you to learn the meaning of ‘pint’ or ‘pant’.  Humans are really, really bad at this type of non-systematic (paired associate) learning.  

The other route into the oral language system is to learn to relate letters to sounds.  This is what phonics is all about.  Here, you can see that there is a high degree of systematicity.  Words that look similar have similar sounds.  Further, if you learn how to pronounce ‘punt’, then that will help you learn how to pronounce ‘pint’ and ‘pant’, etc.  These phonics are the hook into the spoken language system.  



The Challenge of Reading

Presenter
Presentation Notes
To show you just how difficult it would be to try to relate letters to meanings, take a look at these Chinese logographs.  Chinese readers have to learn these one at a time.  There is very low systematicity, so learning the character for ‘beauty’, for example, doesn’t help the child to learn the character for grace, peace, or courage.   The estimate is that by the end of primary school, children should have learned 3000 characters – remember, one at a time.  

In fact, this is such a difficult way to go about things that in the 1950s, the Chinese invented an alphabetic writing system – pinyin – which enables learners to relate letters to sounds systematically.  Part of the reason for doing this was to tackle illiteracy and help children to learn to read. 



Cracking the Alphabetic Code - Phonics

• Mastery of the alphabetic principle critical for 
reading development

• Very strong scientific consensus that 
methods that teach this principle explicitly 
are most effective

• English spelling-sound relations can be 
described with a simple set of rules; irregular 
words rarely deviate by more than one letter-
sound combination 

• Focus on sounds enables access to meaning; 
it does not discourage it

Presenter
Presentation Notes
Key point about reading instruction – known that sound-based codes central to reading for 100 years.  The consensus around phonics is very, very strong, as strong as you ever get in science. 

Computer modelling work on English reading suggests that English spelling-sound relations can be described with a simple set of rules; these rules describe approximately 80% of words with irregular words deviating usually by only one letter (e.g. pint, where all but the ‘i’ sound are systematic).  

We often hear about phonics that it discourages access to meaning.  On the contrary, the focus on sounds ENABLES access to meaning.  

National policy around reading instruction is a fantastic example of evidence-based policy.  
 



Simulating the Effectiveness of Phonics
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Much evidence for effectiveness of phonics.  This is an example of how my lab looks at the issue.  

We primarily study adults, and look at how they learn to read novel scripts.  

They come into the lab over a period of weeks, and are firstly given an oral vocabulary.  Then, for one script, we really focus on the meanings of the novel words, only occasionally giving training on the pronunciations.  For the other script, we hammer them with phonics, only occasionally giving them training on the meanings. 


 



Simulating the Effectiveness of Phonics

/fOm/ /kEs/

Phonics training helps comprehension
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Looking at the single lines, what you can see is that the training is having an effect. 

If we train people on the meanings of our novel words, then they get better at saying the meanings.  If we train people on how to read aloud our novel words, then they get better at doing that. 

But the criticism of phonics is always that it detracts from comprehension – the true goal of reading.  So the question is, how do participants who have phonics emphasis do on the comprehension test? 

It turns out that for the alphabet where phonics was emphasized, the participants actually scored BETTER in the comprehension test than for the alphabet on which participants were drilled on the meanings!  
 



Simulating the Effectiveness of Phonics

/fOm/ /kEs/

Phonics training helps comprehension
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Meaning training does not help reading aloud

Number of times attempted reading aloud
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 Training on meanings gives no similar transfer benefit to reading aloud.  

The other thing to note in this graph is the very small variability across participants.  It wasn’t the case that the phonic training worked for some subjects but not others; this was a robust effect that occurred through the sample.  



Phonic Knowledge is Central to Skilled Reading

Presenter
Presentation Notes

Phonics is usually discussed in relation to learning to read.  

Many teachers may not know that phonic knowledge is also central to skilled reading.  

That sound-based codes are activated when we read is evident from this photograph.  If we didn’t translate the printed word to sound, we would have no idea what this means!  
 



Phonic Knowledge is Central to Skilled Reading
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And we wouldn’t find this joke funny.  
 



Phonic Knowledge is Central to Skilled Reading

• Skilled readers translate printed words 
(and nonwords) to sound-based codes 
as a matter of routine.

• This computation is rapid, and can arise 
before a reader is even conscious of the 
stimulus (or when the stimulus is in the 
visual periphery during text reading). 

• Even for skilled readers, using phonic 
knowledge is necessary for rapid 
computation of meaning. 

Presenter
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Evidence suggests incontrovertibly that skilled readers translate printed letter strings to sound-based codes as a matter of routine.   The central place of sound-based codes in reading has been known for over 100 years.  

We know that this translation to sound is incredibly rapid.  Psychologists have a variety of ways to measure the speed of this computation.  
 
A key point is that the rapid computation of sound-based codes assists readers in getting to the meanings of printed words.  



Learning the Spelling-Meaning Mapping 

Sounds Meanings

Oral Language System

Letters

Skilled reading 
ultimately also 
requires a direct 
spelling-to-meaning 
pathway.

Presenter
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So far we’ve talked about getting to meaning via sound-based codes. 

But ultimately skilled readers need to develop a mapping between letters and meanings.  One theory is that translating letter strings to meanings via sound-based codes repeatedly allows learners to develop this direct mapping (self-teaching).  

Now, remember that I told you that this pathway was largely arbitrary …
 



Learning the Spelling-Meaning Mapping 

clean
unclean
cleaner
cleanliness
cleanly
preclean
cleaning
reclean

redo
repaint
rewire
remake
reheat
reprint
recreate
reuse

Morphology provides 
systematicity in the letter-to-

meaning mapping

magician, health, two

Presenter
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There is one way in which it is not arbitrary.  

Morphology.  Here we have a case where letters and letter groups that look the same have the same meaning.  Morphology gives this mapping its only systematicity, and it is incredibly important in the writing system. 

Sometimes, we even trade morphological information for phonological transparency.  For example,  the word ‘health’ is phonologically irregular (it should be spelled ‘helth’); we accept this irregularity in order to preserve the morpheme ‘heal’.  Similarly, people ask ‘Why is two spelled in such a strange way?’  Because it is in a morphological family with twin, and twice.   Interestingly, this morphological information is only available in spelling (you can’t hear the morpheme ‘heal’ within the spoken word ‘health’).   It would make sense that the brain would benefit from this systematicity when learning to read.  



Learning the Spelling-Meaning Mapping 

• Skilled readers segment 
printed words into their 
morphemes

• This segmentation is rapid, 
arising before conscious 
awareness (or when the 
stimulus is in the visual 
periphery in text reading). 

• No evidence that English 
readers up to the age of 10 
show this rapid segmentation.   
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And we know that it does.  

Readers split up words into their morphemes during the recognition process.  This happens very rapidly.  Finally, studies with developmental populations have suggested that children up to the age of 10 do not show the same pattern as adult skilled readers; so this may be something that develops later on as children get more experience with reading.  

However, we do not have a good idea yet of how it develops.  

(interesting experiment with new national curriculum, where children get a prescribed diet of affixes through KS2).  
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Pathways to Reading in the Brain

• Meta-analysis of 36 neuroimaging studies
• Dorsal (letters-to-sounds) and ventral (letters-to-meanings) pathways
• Evidence that ventral pathway still developing into early adolescence

Presenter
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This is a meta-analysis where we’ve put all of the relevant neuroimaging data together. 

Reveals the two-pathway model – a dorsal pathway (letters to sounds) and a ventral pathway (letters to meanings).  

New evidence from the Stanford longitudinal study suggests that ventral pathway is still developing and increasing in sensitivity into early adolescence. 

(What are we doing to address literacy in secondary school?  Anything?)

 



A Word on Interventions and Treatments

• RCTs aren’t always available, and it is challenging 
for non-experts to evaluate the evidence. 

• But reading is simple. 

• It should be clear what aspect of the reading 
system an intervention is affecting. 

• If it is not clear, or if complicated language is 
used to mask the lack of clarity, then that should 
raise questions; proximal and distal causes.

• e.g. intensive phonics training, intensive balance 
and coordination exercises, intensive speech and 
language therapy, playing action video games, 
wearing coloured glasses ??

Presenter
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Reading is an area where there are substantial commercial interests, and where parents will pay anything to help their children.   
It is important to know how to evaluate potential interventions and treatments.  

RCTs are desirable, but they are not always available, and it is hard for non-experts to evaluate the evidence.  

One heuristic is to consider whether the intervention makes sense within the theory of reading that I’ve presented.  If it makes sense, that doesn’t guarantee that it will work; but if it doesn’t, then that should raise questions. 

Difference between proximal and distal causes.  It is possible that a reading impairment has a distal cause, but you would want to know how that distal cause ultimately impacts on the reading system.

Go through a few possible examples.  Do they make sense?  What part of the reading system would they tap?  

Note Henderson et al. BMJ paper on coloured lenses.  
 



Summary

• Reading is a recent invention and a learned skill.

• The brain capitalises on systematicity that exists 
in the writing system – e.g. phonological and 
morphological.

• Strong scientific consensus around importance 
of phonic knowledge in reading acquisition.

• Reading system still developing well into 
secondary education.  

• Interventions should ‘make sense’ in terms of 
the theory of reading proposed. 

Presenter
Presentation Notes
Emphasise consensus around phonics in scientific literature; the picture presented in the media is not a good representation of the scientific state of affairs.  

 



“The more that you read, the more things you will know. The more 
that you learn, the more places you’ll go.”  Dr Seuss

Questions? 
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