
9/27/2023

1

Rajesh K. Kana, Ph.D. 

Marilyn Williams Elmore and John Durr Elmore Endowed Professor of 

Psychology & Director, Center for Innovative Research in Autism

ARI Webinar; September 27, 2023

Targeting Brain Plasticity in Autism using a 
Reading Intervention

Conflict of Interest

Some of the data I am presenting today are partly funded by the 

Lindamood-Bell Learning Processes. In addition, the reading 

intervention used in our studies (Visualizing and Verbalizing) was 

provided by the Lindamood-Bell Learning Processes through their 

various centers across the country. However, no representatives of 

the company were involved in data analysis or development of 

this presentation, nor did the company exert any control or 

restrictions regarding research activities.

Overview

1. Descriptions of Language 
and Communication in 
Autism

2. Brain, Language, & 
Reading Comprehension 
in Autism

3. Neuroplasticity

4. Using Reading 
Intervention to change 
the Brain
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Descriptions of Language & 
Communication in Autism

Leo Kanner�s Participant 1: 

Donald Triplett

Often, he would utter random words of phrases. Words had a "literal, 

inflexible meaning" to Donald, and he was unable to recognize and apply 

the denotation of a word to another context; each word had a definite, 

designated definition and association in his mind. For the most part, 

conversations with Donald consisted of a barrage of questions.

�During the last couple of years, I 

have become more aware of a kind of 

electricity that goes on between 

people. I have observed that when 

several people are together and having 

a good time, their speech and laughter 

follow a rhythm. I have always had a 

hard time fitting in with this rhythm, 

and I usually interrupt conversations 

without realizing my mistake. The 

problem is that I can�t follow the 

rhythm�
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1. Absence of verbal abilities (e.g., the failure to acquire spoken 

language during the lifespan), which is the outcome for 

between 50�75% of autistic individuals (Rapin, 1991)

2. Early language delays, with words first produced at an average 

age of 38 months (Howlin, 2003), rather than the typical time 

of 12�18 months. 

3. Atypical features of language production, including echolalia 

and jargon (Tager-Flusberg & Calkins, 1990)

4. High-level discourse and pragmatic abilities (Bartak, Rutter, & 

Cox, 1975; Bartolucci, 1982; Lord & Paul, 1997).

Descriptions of Language in Autism

Rapin & Dunn (2003); Brain Development

1. ASD with pragmatic language impairments without any other 

language difficulties (functional language difficulty)

2. ASD in comorbidity with DLD and other developmental disorders (a 

disorder in language and speech development) 

3. ASD in comorbidity with intellectual disability with a global lag in 

language and general intelligence

4. ASD with severe difficulties in the development of social 

communication and social interaction and secondary language 

difficulties because of non-use of language as a communicative tool

Vogindroukas et al. (2022); Neuropsychiatric Disease & Treatment

Carpenter, Nagell, & Tomasello (1998)

Joint Attention & Language Development
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� Homographs: words with the same spelling but different meanings 
in different contexts.

� The girls were climbing over the hedge. Mary�s dress remained 
spotless, but in Lucy�s dress there was a big tear.

There was a big tear in her dress

There was a big tear in her eye

Happe (1997)

The Homograph Task

Brock & Caruana (2015)

What components of Reading Comprehension 
fail in Autism

� Difficulty in reading comprehension 
maybe associated with the cognitive 
profile of the reader. The difficulty can 
emerge from:

� Difficulty in perspective-taking 
(Baron-Cohen et al., 2001)

� Difficulty in Inference construction 
(Saldana & Frith, 2007)

� Difficulty in mentalizing (theory-of-
mind)

� Difficulty in linguistic information 
processing (Gold et al., 2010)

� Difficulty in pragmatic aspects of 
language (Joliffe & Baron-Cohen, 
2000; Duvall et al., 2023)

Decoding vs. Comprehension in Autism

Brown et al. (2013); Journal of Autism & Developmental Disorders
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�Reading skill is acquired 

quickly, but the children read 

monotonously and a story or 

moving picture is experienced in 

unrelated portions rather than 

its coherent totality.�     

(Kanner, 1943, p. 250)

Brain, Language, & Reading Comprehension       
in Autism Spectrum Disorder   

(evidence from brain imaging)

Sam ran from the bank when the 

angry robber hurried out with the 

money

Sam ran from the bank when the 

huge alligator jumped out with a fish

Autism

Control
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Reduced frontal language 

activation in ASD

Control

Autism

Harris et al. (2006); 

Just et al. (2004); 

Kana et al. (2006)

� High-imagery sentences

� combine language comprehension and visual imagery 
processing

� Ex. �The number eight when rotated 90 degrees looks like a pair of 
eyeglasses.� 

� Low-imagery sentences

� Comprehension does not necessitate retrieval of mental image

� Ex. �Addition, subtraction, and multiplication are all math skills.�  
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� More Wernicke�s and less Broca�s 

area activation (perhaps less 

integrated sentence level 

processing).

� More right hemisphere activation 

(suggesting greater difficulty 

effect).

� More parietal and occipital 

activation (suggests visually 

oriented language processing: 

thinking in pictures).

Brain & Language in Autism

Targeting Brain Plasticity in Autism
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WE WERE NEVER BORN TO READ. 

Human beings invented reading only a 

few thousand years ago.

And with this invention, we rearranged 

the very organization of our brain.

Reading is one of the single most 

remarkable inventions in history

Van der Linden et al (2009); Trends in Cognitive Sciences

BRAIN PLASTICITY

�The discovery that new neurons can appear in the adult brain may be the 

most surprising of the last quarter century of neuroscience. The scale of the 

phenomenon and its significance remain to be established, but it appears 

that one of the oldest dogmas in the business is not true.� Antonio Damasio
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�I accept the obvious truism that language  played a 

critical role in our giant leap as a species, but 

language never worked its magic alone and it cannot 

do so now. Instead, it has always depended on a 

silent partner that provides it with something to talk 

about, a general cognitive system that had evolved 

to a high level before it invited language in as a co-

player in the evolutionary scene. 

I see language as a benevolent, octopus-like parasite 

whose tentacles invaded the brain and was 

empowered by it to survive and thrive to the point 

where it could contribute something useful to its 

host. Nonverbal mind and verbal mind thus became 

interlocked in a synergistic relation that evolved into 

the nuclear power source of our intellect.�

-Allan Paivio (2006)
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Visualizing & Verbalizing Reading Intervention in
Autism Spectrum Disorder

*ASD-WLC group received intervention after the study was completed

VIQ = > 75

> 37th %

< 37th %
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The sequential steps of the program: 

1. Picture to Picture

2. Word Imaging

3. Sentence Imaging

4. Sentence by Sentence Imaging

5. Sentence by Sentence with 

Interpretation

6. Multiple Sentence Imaging, 

Paragraph Imaging, Paragraph by 

Paragraph Imaging

Visualizing and Verbalizing for Language Comprehension 

and Thinking (V/V) Intervention Program

READING INTERVENTION

Mean scores for A) GORT-4 and B) SORT-R for ASD-EXP and ASD-WLC at each time point **p < .01. 

Beckerson et al. (under review)

Pre-to-Post Change in Reading Comprehension 
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Those with low SRS scores (i.e., higher social functioning; b=12.2, SE=4.56, 

p<.05) showed greater improvement in reading comprehension

Beckerson et al. (under review)
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Increase in brain activity after reading intervention
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Increase in Local Connectivity after Intervention

� Reading comprehension improved in 

autistic children as a result of 10-

week V/V Intervention

� Improvement in comprehension was 

predicted by verbal memory, social 

responsiveness, and picture 

vocabulary (PPVT)

� Improvement in reading 

comprehension was found to be 

associated with functional 

connectivity between Broca�s and 

Wernicke�s areas. 

Summary
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