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Overview 

I. The developing brain, particularly 
adolescents 

II. The specific case of reading 
• Components of reading 
• Findings  

III. Implications for policy 



PART I: THE DEVELOPING BRAIN: 
Growth in Brain and In Education Are 
Dynamic and Interactive Processes 

Presenter
Presentation Notes
One important principle of educational neuroscience is thinking of education and brain processes as dynamic, and happening within the context of development. I am sure many of you have had the privilege of watching a young child develop.  You can appreciate that many changes are happening all at the same time.  This is also the case in the brain too. 



Presenter
Presentation Notes
So, during development, children are learning to crawl, walk, learning their letters and numbers, and then later on going to school and learning how to read, write and do arithimetic. 



 Landman, Huo, Swett, … Cutting (2014) 
 

Presenter
Presentation Notes
At the same time, there are significant changes going on in the brain, with this video representing how the gray matter volume in your brain, or neurons, decreases over age.  This is data from about 2000 individuals, and is work that we have been doing with Bennett Landman in Electrical Engineering and Computer Science, along with two doctoral students, including Katherine Swett who is a 1st year educational neuroscience Ph.D. student.



Adolescence in particular 
is a time of important 

brain changes 

Presenter
Presentation Notes
So, growth in brain and in education are dynamic and interactive processes; while the brain impacts our ability to learn, the learning environment is also shaping the brain.  While this overarching concept is multifacted and complex, today I am going to go over two implications of this interplay between the education and the brain.



 Landman, Huo, Swett, … Cutting (2014) 
 



• One area that is known to be late-maturing is 
the frontal cortices; adolescence is a time of 
great change in frontal cortex. 

• Frontal cortices are known to be important for 
executive function, or: 

“top-down control processes used when  
going on automatic or relying on instinct  
or intuition would be ill-advised,  
insufficient, or impossible”  
 
  ~Diamond, p.136 (2013 ) 

Presenter
Presentation Notes
Jensen says scientists used to think human brain development was pretty complete by age 10. Or as she puts it, that "a teenage brain is just an adult brain with fewer miles on it."
But it's not. To begin with, she says, a crucial part of the brain — the frontal lobes — are not fully connected. Really.
"It's the part of the brain that says: 'Is this a good idea? What is the consequence of this action?' " Jensen says. "It's not that they don't have a frontal lobe. And they can use it. But they're going to access it more slowly.“  That's because the nerve cells that connect teenagers' frontal lobes with the rest of their brains are sluggish. Teenagers don't have as much of the fatty coating called myelin, or "white matter," that adults have in this area.  Think of it as insulation on an electrical wire. Nerves need myelin for nerve signals to flow freely. Spotty or thin myelin leads to inefficient communication between one part of the brain and another.
A Partially Connected Frontal Lobe . Recent studies show that neural insulation isn't complete until the mid-20s.  This also may explain why teenagers often seem so maddeningly self-centered. "You think of them as these surly, rude, selfish people," Jensen says. "Well, actually, that's the developmental stage they're at. They aren't yet at that place where they're thinking about — or capable, necessarily, of thinking about the effects of their behavior on other people. That requires insight.“ And insight requires — that's right — a fully connected frontal lobe.
Teen Brains Are Not Fully Connected.  The brain's "white matter" enables nerve signals to flow freely between different parts of the brain. In teenagers, the part that governs judgment is the last to be fully connected.
More Vulnerable To Addiction.  But that's not the only big difference in teenagers' brains. Nature made the brains of children and adolescents excitable. Their brain chemistry is tuned to be responsive to everything in their environment. After all, that's what makes kids learn so easily. But,  addiction has been shown to be essentially a form of 'learning,' " Jensen says. After all, if the brain is wired to form new connections in response to the environment, and potent psychoactive drugs suddenly enter that environment, those substances are "tapping into a much more robust habit-forming ability that adolescents have, compared to adults.“ So studies have shown that a teenager who smokes pot will still show cognitive deficits days later. An adult who smokes the same dose will return to cognitive baseline much faster.




PART II: THE SPECIFIC CASE OF 
READING 



10 Adapted from Scarborough, 200  

A Common Developmental Framework for Reading: 
The Simple View (but expanded) 

LANGUAGE COMPREHENSION 

WORD RECOGNITION 

Background  
knowledge 

Language Structures 

Vocabulary 

Literacy Knowledge 

Verbal Reasoning 

Phono Awareness 

Decoding 

Sight Recognition  
(of Words) 

Skilled Reading 

Adapted from Scarborough, 2001 
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Skilled  
Reading 

Executive Function LANGUAGE COMPREHENSION 

WORD RECOGNITION 

Background  
knowledge 

Language Structures 

Vocabulary 

Literacy Knowledge 

Verbal Reasoning 

Phono Awareness 

Decoding 

Sight Recognition  
(of Words) Extended and adapted from Scarborough, 2001 



Can Reading Skills Be Improved  
in Poor Readers? 

Yes, especially in younger readers. 



Studies Generally Show 
Brain Changes after 

Intervention and with 
Improvements in Reading 

Presenter
Presentation Notes
This is just single children (not a group), but this is representative of what many studies have found.



BUT… 
Adolescent poor readers 

typically have problems in 
both strands, and have more 

difficulty overcoming their 
reading problems than 

younger kids.  



WHY?* 

*To truly know, this is a life long pursuit in science, but we have some very good clues 



Connections 
between domain 
general networks 

are related to 
areas in the 

“lower strand”, 
and these 

connections are 
related to 

intervention 
response. 

Barquero, Swett, & Cutting, in prep 



Domain general 
networks:  

Turns out they 
are also 

important for 
connecting two 

strands of 
reading in 

adolescents 
 

Bilateral angular, 
precuneus, dmPFC 

Passages 

OT region (z = -14) 

Words 

Swett & Cutting, under review 



PART III: IMPLICATIONS FOR POLICY 



1. Intensity – many adolescents are 
“nonresponders” 

2. Treating all aspects of reading difficulty 
3. Understanding why a child who has 

been a good reader can all of a sudden 
have reading difficulty in adolescence. 

4. Domain general networks also interact 
with other academic areas (math, 
writing). 
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Presenter
Presentation Notes
Allows for understanding of the neurobiological bases of fundamental educational processes, such as reading. �
New technologies now allow for unraveling the brain-bases of why and how some children struggle with reading.




Thank you! 
Laurie.Cutting@Vanderbilt.Edu 

 
YOUTUBE VIDEO: 

https://www.youtube.com/watch?v=VEk-433lQf8 
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