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My role in this Project

 Lead the Psychometrics parts of project
 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)

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



ADHD
 Attention-deficit/hyperactivity disorder (ADHD) is 

the most common childhood neurobehavioral 
disorder. 

 3 Core Symptoms of ADHD
 Inattention
 Hyperactivity 
 Impulsivity 



Current ADHD Diagnosis

 Comprehensive Clinical Evaluation

 Portfolio of daily activities

 Diagnostic and Statistical Manual of Mental 
Disorders, 5th Edition (DSM-5) criteria

 ADHD rating scale or other survey instruments



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



Current ADHD Diagnosis (cont.)
 Caveats of current ADHD Diagnosis Process
 Qualitative/Descriptive
 Subjective 
 Affected by bias on the part of the parent/teacher informant

 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

 ADHD diagnosis  difficult 
 Misdiagnosis/Error diagnosis



Current ADHD Diagnosis (cont.)

 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

9-year-old with ADHD



ADHD Symptoms (cont.)
 Attention Response Pattern
 Y-axis  responding time
 Red dots  Error responses

9-year-old without ADHD                                         9-year-old with ADHD



ADHD Symptom (cont.)

ADHD Symptoms 

Tool

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

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

 2 correct responses 
 2 incorrect responses



Software Design & Development (cont.)

Demo



Software Design & Development (cont.)



Software Design & Development (cont.)
 Game-based platform on iPad 
 -- Target (Touch to Hammer it) 

 -- Non-target (Don’t touch it) 



Software Design & Development (cont.)

 30-second state block (15 episodes)



Software Design & Development (cont.)

 5-minute segment (10 blocks)



Software Design & Development (cont.)

 15-minute test (3 segments)

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.)
 Software Testdeck Evaluation
 Robot test

 Raw data format conversion (JSON  .CSV  SAS 
format)



Analysis & Raw Score Calculation

 3 Types of Analyses and Raw Score Calculation 

Motion analysis

Attention response analysis

Attention state analysis



Analysis & Raw Score Calculation (cont.)
 Motion analysis
 Eye gazing tracking

 Body movement tracking



Analysis & Raw Score Calculation (cont.)

 Motion analysis (Raw score calculation)

 Movement: the number of position changes > 1mm

 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.)

 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.)
 Attention state analysis
 response patterns in a 30-second block and classifies the 

attention pattern as one of four attention states.

 Attentive:          Good level of accuracy (>85%) with limited errors 

 Impulsive:         Good level of accuracy (>85%) with significant errors of commission

 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

 Contrary:            significantly worse than random chance



Analysis & Raw Score Calculation (cont.)
 Attention state calculation chart



Analysis & Raw Score Calculation (cont.)
 Attention state display for the entire test

9-year-old without ADHD

9-year-old with ADHD



Data Collection & Sampling Plan
 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)

 Sample stratification



Theoretical Research Support
 30+ Quotient-related papers are published in the 

past 10 years. 
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Raw-to-Scale Transformation Method
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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 composite score      (Average of Attention and motion composites)

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



Validity 

 Test-retest reliability

 Sensitivity/Specificity

 Cross-product validation



Validity (cont.)

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



Validity (cont.) 
 Sensitivity/Specificity



Validity (cont.) 

 Cross-product ADHD diagnosis agreement



Quotient Report 
 Automated Report system  Patient ADHD 

diagnosis report 

 Psychometrics  Program the scoring algorithm 
codes in SAS

 Software development  Report delivery system

 HTML/PDF format



Quotient Report 

 Mock Example:



Quotient Report (cont.)



Quotient Report (cont.)



Quotient Report (cont.)



Summary
 Software development process

 UX/UI 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!


