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311 Languages! 

Language is Universal but Unique to Humans
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Source Credit: Lexplore - get an overview of the reading ability 
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My Main Research Interest

How does word recognition system 

get set up in the brain? 

Behavior Electrophysiology 

(EEG)

functional Magnetic Resonance Imaging 

(fMRI)
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A Modern Vision of the Cortical Networks for Reading

Adapted from Dehaene, Reading in the Brain, 2010
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Overview
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Part 1: Top-Down Modulation in Visual Word Recognition

Visual Inputs

Visual Word Form Area

(“the brain’s letterbox”)

Access to Meaning

Top-down attention 

and serial reading

Access to pronunciation, 

Articulation, Audiovisual 

Integration

1

1 2 3



| 8 |

Research Question: Time Course of the Top-Down Modulation?
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Top-Down Modulation in Visual Word Recognition (Chinese Adults)
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Examples of Stimuli

Delayed Naming Repetition Detection Color Detection

target1,2 target1

1 Targets were Chinese or Korean characters
2 Cued by ???

target1

Wang et al., Neuropsychologia (2017, see also 2020)

The Time Course of Top-Down Modulation (Chinese Adults, N = 25)

1 2 3
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Wang et al., Neuropsychologia (2017, see also 2020)

Map Difference

(Chinese-Korean)

N1 onset

125~172 ms

N1 offset

172~253 ms

N2

253~320 ms

Naming Repetition Color Naming Repetition Color Naming Repetition Color

0
t

-7
7

Takeaway: Top-down information (task demands) influences word recognition at around 200 ms.

The Time Course of Top-Down Modulation (Chinese)

Naming –

Repetition

Repetition –

Color

Naming – Color

Naming –

Repetition

Repetition –

Color

Naming – Color

1 2 3
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Visual Inputs
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Research Motivation: AudioVisual Integration in Alphabetic Language  
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The AV Integration in Children with Risk for Developmental Dyslexia (German)
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cat

Research Question: Visual, Auditory, or AudioVisual Integration Deficit?

21 3
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Unimodal Visual/Auditory vs. Audiovisual Integration (German Children, N = 41)

AudioVisual Match AudioVisual MismatchAuditoryVisual

2

Wang et al., Frontiers in Human Neuroscience,  (2020)

1 3
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Developmental Trajectory of AV Integration From First to Second Grade

Right Middle Temporal Gyrus 

(MTG)
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Takeaway: Children are more sensitive to AudioVisual integration at second grade.

Wang et al., Frontiers in Human Neuroscience,  (2020)

0t 5
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Left Superior Temporal Gyrus 

(STG)

X = -59
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Beta values: AudioVisual integration development (T2-T1)0t 5

Takeaway: AudioVisual integration is a good predictor for reading fluency growth.  

Second – First Grade (T2 – T1)

AV Integration in the Temporo-Parietal Cortex Is Related to Reading Outcome

Wang et al., Frontiers in Human Neuroscience,  (2020)
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How A Child’s Brain Develops Sensitivity to Different Levels of Word Information?
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How A Child’s Brain Develops Sensitivity to Different Levels of Word Information?
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Research-Practice Partnership

Researchers

Students Teachers

321
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In-School BrainWave Learning Center and EEG Lab

321



| 23 |

Steady-State Visual Evoked Potential (SSVEP) Paradigm

1 s
12 seconds /Trial

…
…

10 trials/Condition

. . . . . .

Wang et al., Scientific Reports (2021)

Only 2~3 minutes!

321
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Benefits of RPP and SSVEP paradigm

Neuroscience

321
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Adapted from “From Visual Symbols to Word Recognition”, 2019

321
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The Brain is Tuned in Layers!

Specific Words

Low Level Vision

Learned Letters

Combinations of letters

content

321

Letter Form

Word Form

Whole Word
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The Brain is Tuned in Layers!

Specific Words

Low Level Vision

Learned Letters

Combinations of letters

content

How does this multiple 

layer network get 

tuned up?

How are we ever going 

to see each layer gets 

tuned up and changes 

over time?

321
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Specific Words

Low Level Vision

Learned Letters

Combinations of letters

content

Word Form

321

Let’s Start with the Word Form Layer in K-2 Children’s Brain
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Kindergarten 1st Grade 2nd Grade 

Kindergartners, 1st, and 2nd Graders Respond Differently to Word Form (N = 57)

321

Wang et al., Developmental Science (2022)
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Growth in Brain Signals Linked to Fluency Gains within Individual Children

**

**

***

Wang et al., Developmental Science (2023); Conard et al., 2013 

**: pFDR< 0.01; 

***: pFDR< 0.001 

Letter Combinations (atn vs. mun)
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R2 = 0.35, p = 0.00084

Takeaway: Ability to detect visual word form structure is a crucial factor promoting reading success.

321

Wang et al., Developmental Science (2023)
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Specific Words

Low Level Vision

Learned Letters

Combinations of letters

content
Whole Word

321

How Children Learn and Build Whole Word Representations
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Two Weeks of Learning Sprint!

321
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New Vocabulary Words Learning: SSVEP and EEG in School (N = 48)

Class 1Class 2 Class 3

Own Class

Other Two Classes

Magic Word List 

1

Magic Word List 

2

Magic Word List 

3

2 Weeks Learning Sprint

15 min / Day

Wang et al., manuscript under preparation, (2023)

321



| 34 |

Very Similar Responses to New Learned Words and High Frequency Words 

High Frequency Words 

vs.

Pseudowords

Learned New Words 

vs.

Unlearned Words

crepewater

**: pFDR< 0.01; ***: pFDR< 0.001 
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B. 

New Vocabulary Learning (LFWlearned -LFWunlearned)
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Wang et al., manuscript under preparation, (2023)
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Takeaway: Children Rely on Phonological Decoding Skills to Learn Novel Words
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Different Teaching Methods for New Vocabulary Words Learning 

Deep-Sea Spellers

Wang#, Hasak#, et al., manuscript under preparation, (2023)
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Deep-Sea Spellers --- Different Teaching Methods

Onset-Rime Whole-Word
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Sublexical Focus Lexical Focus
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Activities
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Logistics

Pre-
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Post-
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Hypotheses

Sublexical Focus

Lexical Focus
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Summary

Future Research Agenda
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Future

Research 

Agenda

1

2

3 Developmental profiles of visual word sensitivity in children

Visual impairments in English speaking children with developmental dyslexia

Literacy development in Chinese-English bilingual children
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Cond 1: Pseudofont vs. Word

Cond 2: Pseudofont vs. NonWord

Cond 3: NonWord vs. Word

Project #1: Visual impairments in English speaking children with DD
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Project #1: Visual impairments in English speaking children with DD

Age Matched Controls Dyslexics Reading Matched Controls

Age
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Future

Research 

Agenda

1

2

3 Developmental profiles of visual word sensitivity in children

Visual impairments in developmental dyslexia (DD) 

Literacy development in Chinese-English bilingual children
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Project #2: Literacy development in Chinese-English bilingual children with DD

Cognitive-
Linguistic 

Skills

Morphological 
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Orthographic 
Knowledge

Reading 
Fluency

Phonological 
Awareness

Reading 

Outcomes
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Interdisciplinary Lab Environment 

Neuroscience

EducationPsychology

My Lab
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