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MODEL CODE SNIPPETS

SINGLE-TIER TWO-TIER

Standardized test

Limitations
● All parts of the brain are not fully explored
● Both fMRI and standardized tests require active participation
● Child must be of reading age for both methods

Neural imaging

Functional MRIs (fMRIs):
● ML model only achieves 72.7% 

accuracy and 60% precision [13]

Anatomical MRIs:
● Volume of pars triangularis gray 

matter - biomarker of dyslexia 
[3]

● Found by expert humans 
manually inspecting brain scans

1 Background Information

2 Oral Language Skills

3 Word Recognition

4 Spelling

5 Reading Comprehension

6 Vocabulary Knowledge

Datasets

Data source (study) Age # Typical # Dyslexic

Reading-related functional activity in children with isolated spelling 
deficits and dyslexia [1]

8-10 22 20

Atypical Hemispheric Re-Organization of the Reading Network in 
High-Functioning Adults with Dyslexia: Evidence from 
Representational Similarity Analysis [2]

20-29 20 20

Segmentation

White matter classification

Gray matter classification

Pretrained MONAI 
model for 3D brain 
segmentation [12]

132 parts identified

HMRF (Hidden 
Markov Random 
Field) tissue 
classifier from dipy 
library in python

132 parts
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Part 1 
(GM, WM)

Input Layer (264 feat.)
Hidden Layers (2 layers)
Output Layer (2 probs.)

Final prediction

2
2
2

Trial 1: Multi-input model Trial 2: Single input models

Part 2 
(GM, WM)

Part 131 
(GM, WM)

Part 132 
(GM, WM)

Part 3 
(GM, WM)

Part 130 
(GM, WM)
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Feature Selection

Tier 1

Input layer (6 feats.)
Hidden layers (2)

Output layer (2 prob.)

Final prediction

Tier 2

argmax()

Input layer 6 features
Hidden layer 1 8 parameters
Hidden layer 2 9 parameters
Optimizer Adamax
Loss function Cross Entropy Loss
Epochs 160,000
Learning Rate 0.0005

76 106 49
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Selected features

Left posterior orbital gyrus, left 
medial orbital gyrus

● Reward and emotion
● Differences in gyri leads to 

difficulties associated with 
learning to read

Right entorhinal area
● Better memory and spatial 

navigation
● Makes up for left hemisphere 

reading networks

Pars triangularis
● Established biomarker (top 5)
● Other parts found to be better 

indicators

Limitations

Limited publicly 
available training data

Limited MRI scans of 
young children’s brains 
(dyslexic and normal)

Analysis

AUC improvements: 5% 
over best single input 
model, 29% over multi-
input model

Two tier model 
effective in improving 
all metrics

Comparison

6% accuracy 
improvement over best 
single input model

15% accuracy 
improvement over 
current best fMRI 
models

Challenges

Individual parts had too 
few voxels for tissue 
classifier

Classifying entire brain 
and overlapping with 
segmentation data 
worked best
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Future Work

Novelty

Applications

● AI eliminates manual inspection of complex 
brain scans, providing quick results

● More accurate than current best models
● Applicable to children before their reading 

years

● Two tier model detects dyslexia with 87.5% 
accuracy in MRI scans of children’s brains

● 15% better accuracy than best current fMRI 
models

● Incorporate into annual physical exam (ages 
3+)

● Possibly earlier, when family history exists
● Work with doctors and educators to get early 

intervention

● Work with dyslexia centers to acquire more 
training data

● Look into training different types of models 
(in addition to multi-layer perceptrons)
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Final Results

Metric Definition Value

Precision (%) True positives / (True positives + False positives) 90.0%

Recall (%) True positives / (True positives + False negatives) 90.0%

Accuracy (%) (True positives + True negatives) / All samples 87.5%

F1 Score (2 * precision * recall) / (precision + recall) 0.900

AUC Area under curve of true positive rate vs. false positive rate 0.870
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Project Origin

Interested in 
neuroscience and AI, 
learned more from 
summer classes

Realized I could apply 
that knowledge to 
this problem

Engineering Goal

Build AI model for 
dyslexia detection in 
children before 
reading age

Use 3D anatomical 
MRIs for earlier 
detection

What is Dyslexia?

● Dyslexia is a learning disorder characterized by difficulty reading
● 1in 10 Americans is dyslexic (to varying degrees) [5]
● Early detection and intervention can reduce the percentage of 

children reading below average level by 33% [7]

Project Origin

Characters in Percy 
Jackson (childhood 
favorite book) had 
dyslexia

Wanted to help 
dyslexic children get 
the right support to 
learn to read


