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WhisperX + Large-Language Models
▪ Transcription & speaker diarization.

Google Text Embeddings
▪ Semantic analysis of responses.

Multivariate regression controlling for age, 
sex, IQ, and diagnostic co-occurrence

Healthy Brain Network, New York-based community sample

N = 2,341 children aged 5-22 years

Describe the short film The Present during a semi-structured interview.

Metric ~ Age + IQ + Sex + ADHD-Inatt + ADHD-Hyper + ASD

•Attention-Deficit/Hyperactivity Disorder (ADHD) and Autism Spectrum 
Disorder (ASD) frequently co-occur, complicating diagnosis.

•Current clinical assessments are subjective and limited in scale.
•Digital phenotyping offers objective, scalable behavioral markers.

•Identify unique vs. overlapping behavioral signatures of ADHD and ASD. 
•Quantify effects of age, sex, and IQ.
•Validate AI-derived markers for naturalistic behavior.
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Video Answer 1

Answer. 2

Answer 3

Language 
Abilities

Movements

Vocal 
Prosody

Language 
Semantics

Audio

OpenWillis
▪ Speech & prosody measures.

Mediapipe Holistic Model
▪ Body and Facial movement measures.

ASD

ADHD
(Inatt)

ADHD
(Hyper)

Age

Sex

Metric

IQ
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github.com/asortubay/AI_behavioral_analysis
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Age IQ

Sex
 (F

em
ale

)

ADHD (In
att

)

ADHD (H
yp

er)ASD

Amount of Speech
Speech Rate

Subject Conversation Presence
Filler Word Usage

Self-Focused Speech
% of unique words

Lexical Diversity
Between Word Coherence

Question-Answer Coherence -0.6

-0.3

0

0.3

0.6

Ef
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ct
 S

iz
e

n.s.

Development and Phenotype 
Effects on Language Abilities

Obtaining Objective Language Ability Metrics from Natural 
Conversations

W
hi

sp
er

X

Transcript & word-level 
timestamps
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Interview
Audio

Development and Phenotype Effects 
on Vocal Prosody

Automatic 
Acoustic 
Analysis

Subject-Only 
Audio Segmentation

Vocal 
Prosody

•Pitch
•Loudness
•Dysphonia
• ...
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Obtaining Objective Vocal Prosody Metrics 
from Natural Language

Age IQ

Sex
 (F

em
ale

)

ADHD (In
att

)

ADHD (H
yp

er)ASD

Pitch
Pitch Variation

Loudness
Loudness Variation

Dysphonia
Breathiness -0.4

-0.2

0

0.2

0.4
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Age IQ

Sex
 (F

em
ale

)

ADHD (In
att

)

ADHD (H
yp

er)ASD

Facial Movements

Eye Movements

Mouth Movements

Body Movements 
-0.5

-0.2

0

0.2

0.5
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Measuring Movement from Video
Framewise Pose & 
Face Landmarks
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Development and Phenotype 
Effects on Quantified Movement
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Video
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Typical Narrative Detail
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Semantic Similarity Captures
Typical Narrative Detail
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w
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bj
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t 1
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t 2

Su
bj
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t 3

Typical Answer
Subject 1
Subject 2
Subject 3

Text Embeddings Capture Answer Meaning Obtaining a Age-Normed Typical Answers
“Can you tell me what happened in the 
movie? Try to tell the whole story. 
Remember that stories have a beginning, 
things that happen, and an ending.”

- Subject 1: 

“He kicked the dog. In the beginning, he 
hated the dog. In the middle, he liked 
the dog a little bit, and then he liked it.”

“Yeah, so in the beginning... The kid, he 
like seems really into his video games. 
And his mom comes home.....” 

- Subject 3: “I do not remember.”

Interviewer: 

���

- Subject 2: 

MDS 1

M
DS

 2

Development and Phenotype 
Effects on Semantic Measures

Embedding 
Model

Cosine
Similarity

compare each 
answer to 

age-matched
median TD 
embedding

“OK. So it started off 
with the boy. He 
seemed kind of upset, 
and he was just playing 
video games. And ...... ”

Late Adolescence
Typical Answer

Age IQ

Sex
 (F

em
ale

)

ADHD (In
att

)

ADHD (H
yp

er)ASD

Factual Memory
External Emotion Description

Self Emotion Description
Narrative Detail

Thematic Understanding
Positive Preferences

Negative Preferences -0.4

-0.2

0

0.2

0.4
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Subjects x 768 
dimensions

Middle Childhood
(5-10 y/o) 

TD Population
Age-Bins

Early Adolescence
(10-14 y/o) 

Late Adolescence
(14-22 y/o) 

age-matched 
median TD 

embeddings

n.s.
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5 9 13 17 21
Age (years)

0.8

1

1.2
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1.8
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ASD Show Delayed
Narrative Development

non-ASD
ASD

1 x 768

Inattentive

Other

653

84

Other
Diagnosis

653

625

93
Hyperactive

Combined

ADHD 

ADHD

ASD

Typically
Developing

1171

28465

168

(1455)


