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Science & Pedagogy

ÅTheory-based

ðHomogenization

ðDiversification

ÅEvidence-based

ðEclecticism

ðEmpiricism

ÅFrontier-of-knowledge-based



Goal & Structure

ÅGoal

ðSummary of the field

ÅNeurobiological and genetic correlates of 
academic skills

ÅReading as an example

ÅStructure

ðEight statements 

ÅNumbered





Context

Reading (as is the 
case with any 
acquired academic 
skill) is a complex 
skill that evolves 
from a solid 
foundation of 
componential 
cognitive skills.



Points of the eight statements

ÅBad teaching & 
reading 
ÅBiological bases of 

reading
ÅCorrelation &causation
ÅReading &the brain
ðIn DD
ðIn reading acquisition
ðIn remediation

ÅReading & the genome
ðWhere
ðWhat
ðHow

ÅHeritable Í
unmodifiable
ÅEnvironmental 

influences on the 
genome
ÅRelevance of RTI to 

studies of the brain 
and the genes



DD does not arise from bad 
teaching (1)



DD does not arise from bad 
teaching

ÅDD has a specific etiology & genesis
Å15-20% school-aged children have 

difficulties reading, but only 85% of them 
have DD

ðhttp://www.interdys.org, Fact Sheet 
#62-05/00 

ÅBad teaching makes DD worse
ðBut bad teaching does not cause DD

ÅReading problems generated by bad 
teaching/bad schooling are preventable and 
remediable



òTrueó DD is biologically 
grounded (2)



òTrueó DD is biologically 
grounded

ÅDD has its own biological signature
ðWhere?
ÅIn the eyes
ÅIn the blood
ÅIn the belly
ÅIn the brain
ÅIn the genes

ÅDD is a disorder of genetic origin with a 
basis in the brain 



We know a lot about the 
correlates of DD in the brain and 

in the genes (3)



DD in the brain & in the genes

ÅWe know a lot about the correlates
ÅWe know little about the causes
ÅWhat we know is
ðWho the òplayersó are
ðWhere things are happening

ÅWhat we do not know
ðHow things are happening
ðWhy they are happening



The brain does not have òthe 
part(s)ó for reading (4)



The brain does not have òthe 
part(s)ó for reading

ÅReading in the brain unfolds via a 
complex chain of activation of various 
structures, which is distributed in space 
and in time
ðThere is no brain òlocusó for reading, but there is a 
òreading brainó

ðThe òreading brainó is a developmental stage of the brain
ðWe are born with an òilliterate brainó that has the capacity 
to become a òreading/literate brainó

ÅThis chain is malleable
ðDevelopmentally
ðAs a result of interventions



Reading brain

ÅA number of areas appear 
to be engaged in reading

ÅRobust multivariate 
differences between 
dyslexics and non-
dyslexics

ÅDevelopmental differences 
(before and after the 
onset of reading)

ÅDifferences between 
remediated and 
nonremediated dyslexics



Abnormal activity:
Phonological processing (rhymes, segmentation)
Word reading

Attenuated activity:
Single words
Pseudowords
Rapid namingEnhanced activity:

Articulatory recodibng
Word reading
Pseudoword reading

Illustration One: 
Pathway(s) for reading

Schulte-Körne et al., 2007



Illustration Two: Reading acquisition

Schlagger & McCandliss, 2007



Simos et al., 2002

Illustration Three: Reading intervention



The reading brain

ÅIs a dynamic system that

ðIs characterized by temporal and 
spatial distribution of activity

ðIs sensitive to the nature of stimuli

ðChanges developmentally

ðIs malleable in response to 
intervention



Both typical and atypical (DD) 
reading are familial and 

heritable (5)



Reading is familial and 
heritable

ÅFamily studies

ðHigh risk for relatives of probands 
with DD

ðHigh relative risk

ÅTwin studies

ðReading itself and all its components 
(e.g., phonemic awareness, decoding, 
single-word reading) are heritable



Illustration One: 
Family Studies

ÅFirst observations on the familiality of DD
ðThomas, 1905; Orton, 1937; Norrie, 1939; 

Kagen, 1943 

ÅMultiple prospective, retrospective, and 
concurrent family studies
ðFamiliality is very high
ðEstimates (Ziegler et al., 2005):
ÅSpelling (cutoff at 10%): GRR  S = 3.813 (CI: 

3.217ð4.437 )
ÅReading (cutoff at 10%): GRR  S = 3.516 (CI: 

2.825ð4.257)



Illustration Two: 
Twin studies
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The Colorado Learning Disabilities 
Research Center

Davis et al., 2001

Gayán & Olson, 2001, 2003 

The London Twin Studies

Stevenson et al., 1987 

Hohnen & Stevenson, 1999 

Twins Early Developmental Study 
(TEDS)

Harlaar, Spinath, Dale, & Plomin, 2004 

Grigorenko, 2004
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There is no ògene for readingó (6)


