
11/16/23

1

Stories and Synapses: The neurobiology of shared 
reading during early childhood and “novel” 
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Disclosures

• Dr. Hutton is the founder of blue manatee press, a children’s 
book publisher whose books are featured here.

• Dr. Hutton is the author of The Reading House screener and 
other books featured here.

• Dr. Hutton has received, currently receives, and expects to 
receive no direct financial compensation in these roles. 
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Objectives
üWhat is “Emergent Literacy”?
üRisk Factors for Reading Difficulties
ü“Recycling” brain networks for reading
üMRI Evidence: Shared Reading and Screen Time
üCall to Action/Getting Our Hands Dirty
üEarly Reading Intervention Puzzle

1. ”Novel” approach to screening
2. Books for “How-to” Guidance (Stealthy Training Manuals)
3. Tech-enhanced Guidance?
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Flash Poll: Risk Factors 
for Reading Difficulties Include…

A) Genetics
B) Congenital Heart Disease
C) Asthma
D) ADHD
E) Premature birth
F) Hearing loss
G) Poverty
H) All of the above

4
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Risk Factors 
for Reading Difficulties

• Genetics/Family History
• Dyslexia ~ 40-80% heritable (≥ 9 genes)

• Home Literacy Environment (HLE)
• Oral language, print concepts, interest (~ 15% variance)
• Poverty highly negatively correlated
ØExcessive/inopportune screen time (displacement)

• Chronic and/or Complex Medical Conditions
• Direct and indirect (e.g., missed school) mechanisms

ØPrematurity (esp. < 32 weeks’)
ØHearing loss
ØADHD
ØModerate/Severe Asthma
ØEpilepsy
ØPediatric leukemias/CNS Tumors
ØCongenital Heart Disease
ØMany more!

Additive!
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Bonus: 
Common Links Among These Are…

A) Differences in home reading routines
B) Differences in basic skills
C) Differences in brain development
D) Differences in attitudes toward reading
E) Differences in school experiences
F) All of the above

Environment

DevelopmentNeurobiology

Three Ways to 
Find Common
Denominators
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Different City, Similar Problem

77%

7%

More affluent Less affluent
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It was a dark 
and stormy night, 

and as the bleary-eyed 
academic pined for the 
mountains, his soul was 

soothed by 
music and song…
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Key Concept: “Emergent Literacy”

ØDevelopmental precursors to reading & writing

üSkills

üKnowledge

üAttitudes

9

RELATIONAL

SKILLS

Birth 3rd GradeKindergartenPreschool

Language 
Priming

• Attachment
• Mindset
• Routines

ATTITUDES

Contributors to Emergent Literacy by Age

Graphic: JS Hutton, 2020.

Prenatal Early Childhood School
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Letter-sound knowledge

Oral Language

Alphabet knowledge

Phonological Awareness

Emergent Writing 

Print Concepts

Fluency

Emergent Comprehension

Emergent Literacy Skill Trajectory

Source: Horowitz-Kraus, et al., 2016. Age

Home Literacy Environment
3rd GradeKindergartenPreschool
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Letter-sound knowledge

Oral Language

Alphabet knowledge

Phonological Awareness

Emergent Writing 

Print Concepts

Fluency

Emergent Comprehension

Emergent Literacy, Emergent Brain

Source: Horowitz-Kraus, et al., 2016. Age

Home Literacy Environment
3rd GradeKindergartenPreschool

13

Recycling the Brain
üReading = cultural invention (~ 6000 years)
üNo hardwired brain network
ü“Recycle” visual, language, other brain networks 

Ø Must be adequately developed + effectively integrated
ØEmergent network!

üPredictable sequence in typically developing readers
ØBooks with pictures à no pictures (“scaffolding”) 
ØReading difficulties: “Recycling problem”
• Poverty – underdeveloped oral language
• Dyslexia – phonological/processing
• ADHD – attention/working memory/comprehension

14
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The “Reading Network”
Left hemisphere

Visual (imagery)
Visual (objects)

Attention!

Language
Ø Phonological
Ø Semantic

White Matter Tracts
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Home Literacy Environment
Ø “Shared” Reading
Ø Age 0-5 years old

Quantity Quality

Access 
to books

Interactivity
(Dialogic)

Child 
Interest

Reading 
Frequency

Story 
Format

Screen time

Source: Hutton, et al., 2015-2020.

What Moves the Neuronal Needle?

16
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Imagin’ This….
(Verifying the Obvious)

Preschool-age Children

MRI Scan (+/- task)

Brain Function

Factors of Interest
•    Home Literacy Environment

•    Home Screen Environment

•    Demographics

Language 
Executive Function
Emergent Literacy
Relationships

þ Behavioral evidence

Associated with?

Brain Structure

þ Neuroimaging evidence
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Quantitative Home Literacy Environment
and Brain Function in 3-5 y/o Children

ü Semantic Processing (Understanding)
ü Visual Imagery (Imagination)

Left Hemisphere

1. Hutton, et al. Pediatrics, 2015.
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Shared (Dialogic) Reading Quality 
and Brain Function in 4 y/o children

ü Expressive language
ü Complex language processing
ü Social-emotional integration
ü Working memory/attention

Left Hemisphere

1. Hutton, et al. The Journal of Pediatrics, 2017; presented at PAS 2016.
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What About “Educational” Videos?

20
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Audio
Audio + 

Illustrations Animation

time
~5 minutes

Pause Pause

~5 minutes ~5 minutes

More Studies: Influence of Story Format on Brain 
Network Connectivity in 3-5 y/o children

“Goldilocks Effect”

Too cold… Just right! Too hot…

21

Between Dorsal Attention (“top-down” focus) & Language

Between Ventral Attention (“bottom-up” reorienting ) & Visual Imagery

• -49% connectivity
ØLess focus on 

language during the 
animated story

• -47% connectivity
ØLess reorienting to 

visual imagery

Hutton, et al; Brain Connectivity, 2019.

Attention!
Changes in Functional Connectivity for Animation>Illustration

*Working memory capacity à blunted reorienting

*hyper-focus on visual stimuli

22
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What About Screen Time?
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Reading vs Screen Time in Preschool-Age Children
Impact on Brain “Wiring”

More Reading More Screen Time

Language 
& 

Literacy 
Skills

Higher
Skills

Lower
Skills

Left 
Hemisphere

Tracts
Less
Developed

More
Developed

24
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Screen Time and Gray Matter Thickness

Non-Uniform Impacts at Preschool Age
ü Primary Visual (matures early): thinner reflects greater efficiency (video exposure)
Ø Higher-Order Association (matures slowly): thinner reflects under-developed

Ø Right parietal-temporal: Social cognition and empathy
Hutton, et al. Scientific Reports, 2023.

Top

Bottom

RL
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Home Literacy Environment
Ø “Shared” Reading
Ø Age 0-5 years old

Quantity Quality

Access 
to books

Interactivity
(Dialogic)

Child 
Interest

Reading 
Frequency

Story 
Format

Screen time

Imagery-language networks

Attention networks

Structural (DTI)
Functional (fMRI)

Reading Builds 
Brains!

Source: Hutton, et al., 2015-2020.

Screen Time 
Not So Sure…

26
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Early Reading Intervention:
A Puzzle

Books! Routines

“How-to”
Guidance

Screening/
Intervention

Access to 
Families

Gaps!
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Getting Our Hands Dirty

28
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Letter-sound knowledge

Oral Language

Alphabet knowledge

Phonological Awareness

Emergent Writing 

Print Concepts

Fluency

Emergent Comprehension

Are the Seeds Sprouting?

Age
Source: Langer et al., 2015; Yu, et al. 2018; Duval, et al. 2017.

“Wait to Fail”

3rd GradeKindergartenPreschool

What’s behind the Developmental Door?

Dyslexia Typical Deprived
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Letter-sound knowledge

Oral Language

Alphabet knowledge

Phonological Awareness

Emergent Writing 

Print Concepts

Fluency

Emergent Comprehension

Opportunity!

Age

3rd GradeKindergartenPreschool

Ø High Brain Plasticity
Ø Targeted guidance
Ø Preschool enrollment
Ø Early interventions

Graphic: Hutton J, et al. An Eco-Bio-Developmental Model of Emergent Literacy Prior to Kindergarten: A Review of Neuroimaging Evidence and Approach in Pediatric Practice. JAMA Pediatrics. 2020.
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Approaches to Screening

My child’s 
vision is 
fantastic…

Direct Screening!Parent Report…

31

A “Novel” Screening Tool

• Children’s board book + 9-item scripted assessment
• Pre/Kindergarten reading level
• Validated (n=279 children, 36-52 m/o, 7 clinics)

Bonus guidance!

Hutton JS, Justice L, Huang G, Kerr A, DeWitt T, Ittenbach RF. The Reading House: a Children’s 
Book for Emergent Literacy Screening During Well-Child Visits. Pediatrics. June 2019;143(6).

32



11/16/23

17

Print Knowledge Alphabet Knowledge Letter-Sound Knowledge

Expressive Vocabulary

Phonological – Syllable BlendingPhonological - RhymingPhonological—Alliteration

The Reading House 
Interior Page Spreads
ü Score 0-14 points
ü 3 Performance Levels for Age 3-3.9 and 4+
ü Training manual and demonstration video

P1–2

p11-12

p5-6p3-4

p9-10P7–8

P13–14

http://www.bluemanateepress.com/

Ordering/info:

*Scripted screening form 
is based on the book yet 
distinct from the text

33

(Emergent Writing)

ü A gift to share and practice at home!

34
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Brain-Behavior Evidence

Cortical thickness à “Reading Network”

Rapid naming (RAN)         Vocabulary                  Rhyming

üValidity

Hutton JS, Dudley J, Huang G, et al. Validation of The Reading House
and Association With Cortical Thickness. Pediatrics. Feb 4, 2021.

L

“Gold Standard”
     Composite

ü Test-retest 
reliability

      (r=0.94)
ü Neural Correlate

35

1, 2, 3…Numeracy! 

Ø Children’s board book + 11-item scripted assessment
Ø Pre/Kindergarten reading level
Ø Early Stages of Validation

Numeral Identification!

Back Cover Front Cover

36
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Back to the barn, now, 
sleepy heads.

Number Farm night-night: 
time for bed.

Verbal Counting 1-1 Counting/Subset/Cardinality Set to Numerals

Basic Addition/Story Problem

Number Comparison - MostNumber OrderSet Comparison - Most

The Number Farm
Interior Page Spreads
ü Score 0-28 points
ü 11 items

P1–2

p11-12

p5-6p3-4

p9-10P7–8

P13–14

*Scripted screening form 
is based on the book yet 
distinct from the text

Copyright 2022.  Developed by Dr. John Hutton MD MS, Cincinnati Children’s Hospital;  
Dr. Abby Mills PhD, The Ohio State University; and Dr. Laura Justice, PhD, The Ohio State University  

The Number Farm 
Emergent Numeracy Screening Measure 

Recommended Age: 3-5 years 
Presentation Script & Scoring Form 

Points 
1. (Front cover) “I have a book for you.  What are those on the farm?”  

(point at numbers) Child says “numbers.”  _____Y  _____N             (0-1) _____ 
 

2. (No matter if correct) “Those are numbers.  Show me the ones that you know.”  
Correctly named: __________ Incorrectly named: ___________  
(Correct – Incorrect; 0-3: 0 points; 4-8: 1 point; 9: 2 points) (0-2) _____ 
 

3. “Point to the number one.  Now, how about the number four?” 
(Correctly points to neither: 0 points; 1 or 4: 1 point; 1 and 4: 2 points) (0-2) _____ 
 

4. (Spread 1) “The animals are playing hide and seek. Can you help Farmer Dog 
count so she can find her friends? Count as high as you can!” (Stop once over 11) 
(Counts none: 0 points; 1-3: 1 point; 4-10: 2 points; over 10: 3 points) (0-3) _____ 
 

5. (Spread 2) “These are groups of different kinds of animals. 
This is a horse. How many horses are there?  (3) _____Y  _____ N 
This is a pig. How many pigs are there?     (1) _____Y  _____ N 
This is a cow. How many cows are there?  (2) _____Y  _____ N 
This is a sheep. How many sheep are there?” (4) _____Y  _____ N 
(None correct: 0 points; 1: 1 point; 2: 2 points; 3: 3 points; 4: 4 points)        (0-4) _____ 

 
6. (Spread 3) “These animals are in groups and playing different games.  

Match the number to the group with that number of animals in it.” 
(Matches none: 0 points; 1: 1 point; 2: 2 points; 3: 3 points; 4: 4 points) (0-4) _____ 
 

7. (Spread 4) “The animals are ready for a snack. I see corn, apples and carrots. Yummy! 
Which snack is the biggest?                            (corn)      _____Y  _____N 
Which snack is the smallest?                                      (apple)    _____Y  _____N 
Are there more apples or carrots?”   (carrots) _____Y  _____N 
(None correct: 0 points; 1: 1 point; 2: 2 points; 3: 3 points)        (0-3) _____ 
 

8. (Spread 5) “These noisy chickens have numbers on them!  
Help Farmer Dog line them up in order. 
Which number comes after 1 when counting?   (2) _____Y  _____ N 
Which number comes before 5 when counting?" (4) _____Y  _____ N 
(None correct: 0 points; 1: 1 point; 2: 2 points)        (0-2) _____ 
 

- Continued on Next Page - 
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Preliminary Evidence

üConcurrent Validityü Favorable Family Impression

PENS Total Score
by TNF Total Score

0 4 8 12 16 20 24

0
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20
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Ø N=31 children - mean age 50 months
Ø 17 boys, 14 girls
Ø Low-SES backgrounds

Ø Administered during pediatric well-visits
Ø Admin time: 8-10 minutes

ü Strong psychometric properties
ü Cronbach’s alpha = 0.89

Pearson r=0.94
(p< 0.001)

“Gold Standard”

38
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Intervention

39

“Neurons that fire together,
wire together.”

Whatever Is Practiced à Brain Wiring
üReading!
o Listening
o Talking (human vs. device reader)

üMath
üArt
ØWatching videos
ØPlaying video games
ØSinging “Baby Shark”
ØBeing handed a device to calm down…

Donald Hebb

Myelin Sheath

40
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Talking
Listening
Ø Develops first

Language and Literacy Live on in Left side of the brain

White matter fiber tracts (“wires”)
Ø Mature 18-24 months (language “explosion”)

“Neurons that fire together, wire together.”

More Reading: 
More Developed

ü Encourages talk

More Screen Time:
Less Developed

Ø Replaces talk

Build listening areas!
ü Talking
ü Reading
ü Singing
Build talking areas!
ü Ask questions
ü Let the child “read” pictures
ü Invite the child to try new words
ü Invite the child to sing songs
ü Encouragement!

Source: Dr. John S. Hutton, Cincinnati Children’s Reading and Literacy Discovery Center, 2021.
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Shared Reading in the NICU

Jain V, Kessler C, Lacina L, Szumlas G, Crosh C, Hutton J, Needlman R, Dewitt T. 
Increasing parental reading behaviors in high-risk NICU infants. J Pediatr. Jan 13 2021. 

42
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HOW Do I Read “Right” with a Baby?

“My baby’s…”
o not interested
o not ready
o not a reader
o not smart
o more interested in TV

o “I don’t read well.”
o “I wasn’t good in school.”
o “My family doesn’t read.”
o “No one read to me.”
o “I don’t want to do it wrong…”

43

Snuggle

Hold

Affection

Respond

Enjoy!

Talk

Explore

Patience

Stretch

Source: Hutton, et al.

Training Manual

Reading With Babies

Hutton JS, Huang G, Crosh C, DeWitt T, Ittenbach RF. Shared reading with infants: 
SharePR a novel measure of shared reading quality. Pediatr Res. 2022 Jul 19. 
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En Español!

45

HOW Do I Read “Right” with an Older Child?

ØIs it rude for them to to ask questions?

ØCan I talk about the pictures?

ØCan I ask questions that aren’t in the book?

ØCan we talk about things not in the book?

ØDo I have to read the words?

ØWhat are the right books?

46
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Stealthy Training Materials

Source: Hutton, et al. CCHMC MediaLab, 2021

Training Manuals
Demonstration Videos

47

p1-2: Completion p3-4: Recall

p5-6: Open-ended question p7-8: Wh- question
     à Evaluation à Expansion

p9-10: Wh-/Open-ended question
• à Evaluation à Expansion p13-14: Distancing

p11-12: Wh- question
     à Evaluation à Expansion

PEER/CROWD…

48
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“How-to” Videos

Source: Hutton, et al. CCHMC MediaLab
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“Essential” Videos Reading Bees
“Books Build Brains 
and Bonds, Before 
Birth and Beyond!”
ü Free iOS, Android
ü Release ~Aug ‘21

Current Goals:
• Integrate local 

resources (ZIP)
• Expand video 

content
• Align with programs 

(e.g., ROR, DPIL)
• Tangible awards 

(e.g., gift cards, 
books, supplies)

• Early literacy 
screening guidanceLitCoin! 

50
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Putting the (Brainy) Pieces Together

Books! Routines

“How-to”
Guidance

Screening/
Intervention

Access to 
Families

51

Thank You!

“Questions?”

Contact:
• John1.Hutton@cchmc.org
• @DrJohnHutton

• http://www.bluemanateepress.com/
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Dr. Ryan Moore copyright 2023  
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