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About Me

Ou Zhang

Ph.D./MA, Psychometrics

BS, Computer Science

Research Scientist/Team Lead, Pearson
e Clinical Assessment (5 years)
e School Assessment (3 years)

3 Important things | devote to:

Statistics

Programming

2005-2012
1997-2001

2012-present




Topics

e Background Information
e Current ADHD diagnosis
e Why the new ADHD diagnosis system is needed?

* Quotient Introduction
e System development process
e Psychometrics properties
e Reporting system

e Summary & Takeaways

e Q&A




My role in this Project

e Lead the Psychometrics parts of project
e Theoretical research support

Analysis and raw score calculation

Norming/raw-to-scale transformation

Composite score

Validity

* Program the scoring algorithm codes for auto-reporting
system (SAS)

e Coordinate and Tech Support
e Software design & development
e UX/ Ul design and evaluation
e Data collection and sampling plan




ADHD

* Attention-deficit/hyperactivity disorder (ADHD) is
the most common childhood neurobehavioral
disorder.

e 3 Core Symptoms of ADHD
e Inattention
e Hyperactivity
e Impulsivity




Current ADHD Diagnosis

e Comprehensive Clinical Evaluation
e Portfolio of daily activities

e Diagnostic and Statistical Manual of Mental
Disorders, 5t" Edition (DSM-5) criteria

e ADHD rating scale or other survey instruments




Current ADHD Diagnosis (cont.)
e DSM-5 criteria Example:

People with ADHD show a persistent pattern of inattention and/or hyperactivity-impulsivity that
interferes with functioning or development:

1. Inattention: Six or more symptoms of inattention for children up to age 16, or five or more for
adolescents 17 and older and adults; symptoms of inattention have been present for at least 6
months, and they are inappropriate for developmental level:

o Often fails to give close attention to details or makes careless mistakes in schoolwork, at
work, or with other activities.
o  Often has trouble holding attention on tasks or play activities.

Often does not seem to listen when spoken to directly.

o Often does not follow through on instructions and fails to finish schoolwork, chores, or
duties in the workplace (e.g., loses focus, side-tracked).

o Often has trouble organizing tasks and activities.

o Often avoids, dislikes, or is reluctant to do tasks that require mental effort over a long
period of time (such as schoolwork or homework).

o Often loses things necessary for tasks and activities (e.g. school materials, pencils,
books, tools, wallets, keys, paperwork, eyeglasses, mobile telephones).

o s often easily distracted

o Is often forgetful in daily activities. /
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Current ADHD Diagnosis (cont.)

e Caveats of current ADHD Diagnosis Process
Qualitative/Descriptive
Subjective
Affected by bias on the part of the parent/teacher informant

e Caveats of actual ADHD Diagnosis Practice

2 of every 3 clinicians who receive little or no training in the
clinical management of ADHD

Only 38% of pediatricians use the DSM-5 criteria
Only 4% follow guidelines for collecting ratings information

e ADHD diagnosis = difficult
e Misdiagnosis/Error diagnosis




Current ADHD Diagnosis (cont.)

e We don’t know > ADHD diagnosis
results

 We know - Straightforward, easy-to-
be-noticed ADHD symptoms




ADHD Symptoms

 Head Motion Track
9-year-old without ADHD




ADHD Symptoms (cont.)

* Attention Response Pattern
* Y-axis - responding time
e Red dots = Error responses

5 Min 10 Min 15 Min

5 Min 10 Miln 15 Min
5 Min 10 Min 15 Min 5 Min 10 Min 15 Min
9-year-old without ADHD 9-year-old with ADHD




ADHD Symptom (cont.)
ADHD Symptoms

Tool 93
\ 4

Quotient ADHD System




Software Design & Development

Computer-based system

Initiated/developed (Harvard Medical School)
Pearson (2014)

Redesign/develop iPad version

Fix/update algorithm




Software Design & Development (cont.)

e 15-minute test 2 attention fluctuation
* 1 of 2 Stimuli every 2 seconds (episode)

*

Press | SPACE BAR Don‘t press any key

e 200 ms (stimuli) + 1800 ms (response time) = 2 seconds

e 2 correct responses
e 2incorrect responses




Software Design & Development (cont.)

Demo




Software Design & Development (cont.)




Software Design & Development (cont.)

 Game-based platform on iPad
. ,s -- Target (Touch to Hammer it)

. U -- Non-target (Don't touch it)




Software Design & Development (cont.)

* 30-second state block (15 episodes)

J0o0o00
00000 @ c—>
fﬂrﬂfﬂfﬂm 1 Block

15 Episodes




Software Design & Development (cont.)

* 5-minute segment (10 blocks)

10 Blocks

@ 1 Segment




Software Design & Development (cont.)

* 15-minute test (3 segments)

1 5-minute test

Segment | Segment 2 Segment 3

<+ —»

5-Minute

15 episodes (block) x 10 blocks (segment) x 3 segments

450 episodes




Software Design & Development (cont.)

 Raw responses to be collected from 450
episodes

1. Eye/Body movement range/area
2. Correct/incorrect response

3. Response time




Software Design & Development (cont.)

o Software Testdeck Evaluation
e Robot test
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e Raw data format conversion (JSON - .CSV - SAS
format)




Analysis & Raw Score Calculation

* 3 Types of Analyses and Raw Score Calculation
* Motion analysis
e Attention response analysis

e Attention state analysis




Analysis & Raw Score Calculation (cont.)

* Motion analysis
e Eye gazing tracking




Analysis & Raw Score Calculation (cont.)

* Motion analysis (Raw score calculation)

e Movement: the number of position changes > Tmm

e Area: The total area covered by the eye/body
motion

» Displacement: The total distance moved of the
eye/body motion




Analysis & Raw Score Calculation (cont.)

e Attention response analysis

Accuracy: % of correct responses

Omission Errors: % of missed targets

Commission Errors: % of incorrect responses to
non-targets

Latency: Average time to respond
correctly




Analysis & Raw Score Calculation (cont.)

e Attention state analysis

e response patterns in a 30-second block and classifies the
attention pattern as one of four attention states.

aA i
oy
109000 I Block

15 Episodes

o Attentive: Good level of accuracy (>85%) with limited errors
o Good level of accuracy (>85%) with significant errors of commission
e Distracted.: Fair level of accuracy with significant errors of omission

° Disengaged: Accuracy no better than chance with a disengaged manner
Random: no better than random chance
Minimal: few responses, less than random chance

Contra ry. significantly worse than random chance




Analysis & Raw Score Calculation (cont.)

e Attention state calculation chart

Behavioral Types
20% 75%

100%

Impulsive

85%
75%

Targets Hit

25%

0% 25% 100%

Non-Targets Hit




Analysis & Raw Score Calculation (cont.)

e Attention state display for the entire test

9-year-old without ADHD
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9-year-old with ADHD
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Data Collection & Sampling Plan
e Sampling plan

Stratified sampling based on 2014 US census results
Age: 6-12
Normative (male/ female)
Clinical (ADHD)
Retest
Cross-validation
ADHD-Rating Scale
Behavior Assessment System for Children, Third Edition (BASC-

3)
Gender Normative | Clinical Retest | ADHD-RS | BASC-3
Male 636 74 42 110 112
Female /43 70 37 88 88

e Sample stratification




Theoretical Research Support

* 30+ Quotient-related papers are published in the
past 10 years.

Does Placebo Response Differ Between
Teicher et al. BMC Psychiatry 2012, 12:190

htpy//www biomedcentralcom/1471-244X/12/190 Gn_n\c Objective and Subjective Measures in Children
psychiatry ~ With Attention-Deficit/Hyperactivity Disorder?

RESEARCH ARTICLE Open Access

ation of treatment response in both cling:

. . . . JOURNAL OF CHILD AND ADOLESCENT PSYCHOPHARMACOLOGY
Hyperacnwty pers ISTS 1N Volume 14, Number2, 2004
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Selected Bibliography of Quotient
Publications
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Raw-to-Scale Transformation Method

Age span You 6-year old

1 year old < > > 70+-yearold
escce & & £ & W B e o o & 2222
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Content is not available!




Composite Score

* The composite scores provide an integrated view of the neural
control functioning observed and a quantification of any deficits
noted.

ADHD diagnostic composite score (System Index)

Motion composite score

Attention composite score

Global com pOSite score (Average of Attention and motion composites)

* Weighting and final composite algorithm
e Principal component analysis verification
» Different weighting approaches




Validity
e Test-retest reliability
* Sensitivity/Specificity

e Cross-product validation




Validity (cont.)

e Test-retest reliability
e Time interval: 60 minutes, 5 days

Test/retest Motion | Attention |Systen Index

60-minute 0.91 0.95 0.94

5 days 0.84 0.94 0.82




Sensitivity

Validity (cont.)
e Sensitivity/Specificity

1.00
ADHD

Diagnostic\‘L
Composite

/
/
/

' Global
75 magnitude 5
Scaled Score /
Activity //
magnitude
50 * Scaled Score/
' Attention g
magnitude o
Scaled Score
25 Vi
V4 .Qe’
VS
7 (\é"\’
/&
/&
/ Qg,
0.00 .. i ] _
0.00 .25 .50 kD

1 - Specificity

Area Under the Curve (AUC)

1.00

Diagnostic Comp
(System Index)
Global Scaled SS
Act. (Motion) SS
Attention SS

=0.931

= 0.859
= 0.817
=0.810




Validity (cont.)

e Cross-product ADHD diagnosis agreement

BASC-3 | ADHD-RS
0.88 0.84




Quotient Report

* Automated Report system - Patient ADHD
diagnosis report

e Psychometrics - Program the scoring algorithm
codes in SAS

» Software development - Report delivery system

e HTML/PDF format




Quotient Report

* Mock Example:

Patient Name: Mr Ou

Age: 13.08

Grade: N/A

Administration Date: Feb 24 2016 9:46 am
Gender: Male

Type of Report: Blue

Report ID: 225005

Clinician: Stuart Red




Quotient Report (cont.)

Clinkclan Nama: Stuart Red Test Dato: Feb 24 2016 9:46 am

Patlont Mama: Mr Ou Duate of Birth- Jan 24 2003 Gender: M Age: 13.08 Grade: NA&
Commants:

ATTENTION ANALYSES

Patient's Response to Targets and Mon-Targets

Inesarect Piises
PO Pommmmmmmmmemmm . mm— "_"'r"”""_""""“"“'”"""' IQmiksian Esrorah
Speed of
incomect . Ingrael Hits
responses Isec | (Commingien Errars)
b Emgm =
1 I w 1 L]
5 Min 10 Min 15 Min 20 Mim
epe— e —— 5 5 -l ot Piiies
Qamc |
Speed of
comect : Carvest Hibs
reSponNses T
o
5 Min 10 Min 15 Min 20 Mimn
Patient's Responsea Results
“Measurs Rosults Rufarence Range Aga Parcentila
s - ) (Té=84 Porcontiia) { 5 16 Ago Parcantila)
uracy : [jpovcovi
Tha parcardage of cormes! Rsponsos. 533 Tez-85.8 NiA
Omisslon Errors: (percent]
Tha parcardage of missed fergpafs BE.1 04 =105 HI&
(& massuwe of inaffantion).
Commisslon Emors: (pevoond)
The parcardage of incomad msponsas fo BB T.7=-3TH (T
non-targeis (& messwe of impulsidy).
Latency: (milseconds)
The avarage amount of fme o nspond cormeclly (Speaed). e L o
Varabllity: (milVseconds)
Tha varadion in responsa tima to the corect largel. b B8 - 168 NiA
C.ON. rmumbar)
A normailized measwe of response fime wadadion. o - o

Raport I0: 225005




Quotient Report (cont.)

Clinkclan Mama: Stuart Red Tast Dato: Fab 24 2016 9:45 am
Pationt Mamao: Mr Cu Date of Birth- Jan 24 2003 Gander: M Age: 13.08 Grade: M/A
Commants:

ATTENTION ANALYSES CONTINUED

Patient's Attention States During Testing

-"-‘“l-"\l""-. -| TR N TR TN TN T TN SN RN A T S O S S |.| TR TR T TR TN TN T Y TN SN TN T TN TR S |
Impulene D [N TN T T NN TN NN TN TN TN NN TR TN SN TR TN TN NN TN SN NN TN TN SN TR TN SN TN TN SN TR TN TR SN TN MRS SO O NN N | Attgntion Sistes
Crelreciad . T T S S S S S S U A S S T S S ST R WA T T ST S ST S S S N WY R R dre medswred in

a inbervales,
Cisengaoed I, JFELIEL 66 O, O OO, e, ), S, O I

(I e e Pr—
5 Min ' 10 Min ' EMin 20 Min

Attention State Results

Moasurs Rosults Raefaronce Range ‘Age Percontile
(16-84 Parcantio) {t =16 Age Porcantle)

Numbor of Shifts: {numbes

A mossure of how many fimes a change i bahevwors! B B-20 WA

states oocws ovar e counse of o fost,

Artentive: (percant)

Purcont of 30 second blocks in wivch sulyects (4] 16.7 = 900 WA

povformad with vovy figh loved of acouracy.

Impulshra: {parcan]

Puorcont of biocks when subjocts poviormad bedler fran chance (1] BT 525 WA

bt made & significant nunmbar of commission ormors.

Distractod: {porcond]
Purcont of biocks when subjocts povformad bedler fran chance (1] 00 -133 LY
but missed & significand numbar of targeds.

Random: [povcovt)

R. | Poroand of biocks wien subjects parformed no bolter 1.5 00- 133 WA
than prodicted by random clance.
Minimal: [povcont)

M. | Poroart of biocks wivan subjacts parformad no boftar tfan RS 00-25 L)

pradicied by random chance and mede fow responses.

'E-nrl'lrnr,' (parcant)
€. | Poroord of biocks wian subjocts parformad worse han oo 0.0 -0.0 HA




Quotient Report (cont.)

Clinician Name: Stuart Red Test Date: Feb 24 2016 9:46 am
Patient Name: Mr Ou Date of Birth: Jan 24 2003 Gender: M Age: 13.08  Grade: N/A
Comments:

PEARSON SCALED SCORES

The Pearson System Scaled Score consists of:
« Aftention Scaled Score - a composite of how this patient's attention compares to the community sample.

High scaled scores are associated with the scores that patients receive.

Inattention

9.97

L

Attention




Summary

Software development process

UX/Ul Research & Evaluation
Sampling and data extraction
Analysis and raw score calculation
Norming/raw-to-scale transformation
Composite score

Validity

Online Reporting system




Takeaways

The game-based assessment is so different from the
traditional standardized assessment

The process of quantifying an extremely-hard-to-be-
measured latent construct is not an easy task

Psychometrics is so essential. It ensures what we assess is
what we expected to measure

Early psychometrics involvement could be beneficial and
add efficiency

Communication and collaboration are the keys to success




Thank you!




