
Haskins Labs neurocognitive  research on language, reading and reading remediation: 

Some history and current research studies

The Motor Theory of Speech 

Perception (e.g. Liberman et al. 1967)
The Orthographic Depth 

Hypothesis (e.g. Frost et al. 1987)

Phonological Deficit as 

Central to Dyslexia (e.g. Liberman et al. 1974)
Brain bases of Speech & Reading 

Related Disorders (e.g. Pugh et al. 2000; 2014)



Speech, 
Language, 

Reading, and 
the Brain

• Speech is a biological 
specialization but written 
language is largely a cultural 
invention.

•  

• Speech is mastered naturally in 
almost all people, without 
direct instruction.

• But reading is difficult and 
reading failure occurs in large 
numbers of children across all 
written languages. Explicit 
instruction is essential.

• No brain specialization for 
reading. Reading is, in some 
sense, an exercise in neuronal 
recycling (Dehaene, 2010).



Exploring neurodiversity

Some “value added” from 
neuroscience in studying 

typical and atypical  
language and reading

Neuroimaging measures (e.g., 
neuroanatomy, neurochemistry, or 
functional organization) yield 
mediating levels of analysis between 
gene and behavioral phenotype.

Exquisite sensitivity to individual 
differences.

Development of brain-informed 
approaches to instruction and 
treatment of reading difficulties 



Cognitive Neuroscience: Neuroplasticity and the cognitive 
challenge of learning to read 
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Models and Heterogeneity

Reading falls on a continuum, performance has a multifactorial basis, and dyslexia/RD is 

low tail of the distribution



Key: RD students also experience socio-emotional 
challenges

Students with learning DIFFERENCES experience significantly:

…compared to same-aged peers.
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LH Brain circuits 
and reading 
difficulties
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Developmental trajectory in dyslexia 
(Shaywitz, Pugh et al. 2002)

Functional Connectivity in in dyslexia 
(Pugh et al. 2000)
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Treatment studies: Strengthening print/speech connections



A consistent story on 
treatment effects “on 
average” is emerging…

Up to 30% of participants will be treatment resistors in a conventional intervention program!

Can we use cognitive neuroscience tools to “tailor treatment to the individual”?



Note: Our ongoing “in-school neuroscience” 

project at AIM  (N. Landi PI) focuses

 on individual differences in the classroom 

to get at treatment response in a more

 naturalistic context!



Neurocognitive measures predicting variation in treatment 

response: brain/behavior relations for gains in word reading 

fluency and accuracy 

More pre-intervention sensitivity to 
consistency (greater reliance on O-P) and less 
pre-intervention sensitivity to imageability (less 
initial reliance on O-S) predict better response 
to treatment across reading sub-tests. 

Siegelman et.al., 2021 - 2022
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We use multiple outcome 

measures for

assessing treatment response 

(e.g. reading

accuracy vs. reading fluency) 
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Key finding: The more participants 

developed strong involvement of 

the  important LH VWFA  the 

greater the gains on both 

accuracy AND fluency subtests.

Stay tuned for more on this data



A focus on cognitive predictors  (Siegelman et al., 2020; 2021):
 

Q) Can variation in the  kinds of  statistical information (from the Division of Labor 

(DOL) for reading) used by the early reader predict:

1) current reading skills

2) response to intervention 



Substantial variability in reliance on O-P 
and imageability.

Individual differences in reliance on O-P and O-S associations

Siegelman et al., 2020, Journal of Memory & Language



Substantial variability in reliance on O-P 
and imageability.

These two factors are strong predictors of 
(concurrent) reading skill (R2=32-45%):
❑ Higher reliance on O-P → better 

reading skill
❑ Less reliance on imageability → better 

reading skill

Individual differences in reliance on O-P and O-S associations

Siegelman et al., 2020, Journal of Memory & Language



Summary of key findings

• At pre-test, individual-differences in reliance on O-P consistency and 
O-S imageability are strongly predictive of reading skills. 

• Both are very strong predictors of treatment outcomes but in 
opposite direction: 

• More pre-intervention sensitivity to consistency (greater reliance on 
O-P) and less pre-intervention sensitivity to imageability (less initial 
reliance on O-S) predict better response to treatment across reading 
sub-tests. 

• A critical finding is that this difference in O-P and Imageability 
sensitivity is strongly associated with oral language skills



CURRENT STUDIES: Questions being addressed in the Year 6-10 

continuation of the Pugh R37 MERIT study (toward a brain-guided 

learning approach)

What causes these  individual differences in relative reliance on O-P or Imageability  in 

reading?

 Can we move at-risk kids ”stuck in this suboptimal  state-space” to a more efficient code 

emphasis?

Should we use more intense programs of the same type or ones with a greater emphasis on 

additional intervention components? 

Can we tailor the content to the brain (brain-guided learning) using BCI and neurofeedback?

Do we need additional  focus on EF problems, anxiety mitigation, and the like  in low 

responders?

How might any of this vary across different languages??



1. Orthotactic Awareness

1.Morphological Awareness

2.WJR Vocab
3.GORT

1. Morphological Decoding

2. Morphological Priming (fNIRS/EEG)
3. Artificial lexicon in print

1.CTOPP

2.MAF

1.Artificial lexicon in speech

Aim 2A from R37 (static)
Aim 2B from R37 (has learning component)
Aim 2C (TBD – learning with technology)

1. Strain (Individual differences in O->P and O->S)

2. Repetition Naming with fNIRS/EEG (Individual differences in O->P and O->S learning)
3. Cross modal repetition learning (Words/Pseudowords/Letter strings)

OLSON

O-> P vs O-> S

FastLoc

Localizers (Imaging) EdTech

Anxiety mitigation with meditation – 
impact on learning 
1. ALT in print and speech

2. MAF
3. Repetition Naming with fNIRS/EEG/fMRI? 

(some version of the existing task) 

Small N

Large N



Brain/behavior studies (Pugh 
R37):
Integrated fNIRS/EEG during learning 
experiments that vary code emphasis in order to 
examine the neurocognitive bases of  individual 
differences in optimal word learning  and to 
move toward brain-informed treatments

Figure 1. Comparison of fNIRS (A and B) and EEG responses (C, D, 

and E) for contrast face > object. These are responses to conventional 
static stimuli. Hemodynamic responses are shown in ventral occipital 

face area (indicated by black circle) for deOxyHb and OxyHb signals (A, 
B). Co-localization of EEG responses during face vs object task for 

theta power spectra (C). ERP comparison of n170 responses for face 
versus object responses (E). Source localized n170 response (D). 
(Dravida et al 2019).



Using fMRI and EEG Modality effects to predict reading abilities  

(Ren et al., under review)

The multimodal model significantly improved model fit in TOWRE 

performance (fMRI R² = 0.347, Multimodal R² = 0.457, ΔR² = 0.111, F(2, 49) = 4.99, p = 0.0106) 



Anxiety Mitigation BCI and Neurofeedback to modify learning content 

to individual differences in neurocognitive profiles

Some additional next steps in the R37 project 



Glass Brain 
Flythrough 
(Gazzaley-
lab UCSF)

The amazing human  Brain 

Thank you for your attention 
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