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Objectives

1. What is neurodevelopment? What are 
neurodevelopmental outcomes?

2. The patient perspective on ND outcomes – some 
considerations

3. Pediatric patient input on development and 
selection of ND outcome assessments 

4. Relevance of neurodevelopment to non-
neurodevelopmental outcomes

5. Some other considerations…



1. What is neurodevelopment? 

Age dependent 
changes in the 
organization of 
the nervous 
system, especially 
early in life

1Casey, et al., 2005



2Korkman, et al.

Age-related 
changes in 
cognitive test 
performance



What are ND Outcome Measures?

Behavioral measures that reflect age dependent changes in the organization 
and function of the nervous system

“Behavior” is defined broadly – any function that can be experienced or 
observed

Many different methods available to us, to measure behavior
• Self report (e.g., questionnaires about mood, quality of life)
• Proxy report, such as parent or teacher (e.g., behavior rating scales)
• Clinician-based assessment (e.g., disease-severity rating scale; range of 

motion assessment)
• Performance-based assessments (e.g., neuropsychological tests; test of 

grip strength)



2. The patient perspective on ND outcomes -
some considerations

Age and developmental level of child 

• can the child self-report on their experience? 

• at what level of detail? 

• time frame for reflecting on symptoms and function?

• ability to connect events / experiences to how they feel/function?



3Matza, et al. 2013





What ND outcomes might or might not be amenable to assessment with patient-
reported outcome measures?

• Sensory function / sensation  
Example: Diabetic Peripheral Neuropathy symptoms (4Moser, et al. 2017)

• Motor function 
Example: PROMIS Mobility , child self-report (5Kratz, et al. 2013)

• Cognition
• Attention
• Memory
• Executive Function
• Language
• Visual-spatial skills

• Mood and Behavior

Self-reporting on one’s own 
cognition is sometimes tricky, 
and may be impacted by some 
aspects of cognition (e.g., 
executive function; general 
intellectual level) or mood

2. The patient perspective on ND outcomes -
some considerations



A child’s view of their cognition6-8

Factor structure varied by age 
• 9-12 yrs: [1] General cognition; [2] Attention; [3] Self-monitoring of behavior
• 13-16 yrs: [1] Executive/attention; [2] Impulse control; [3] Lanuage; [4] Fine 

motor control; [5] Memory and gross motor; [6] Visual spatial function



CONSTRUCT / CONCEPT OF INTEREST: SAD MOOD – sample questions
1. What does the term “feeling sad” mean to you?
2. If you were going to ask a patient whether or not he or she was sad, how would you 

go about asking this?
3. If you were going to ask one of your friends this question, what would be the best way 

to ask it, to make sure they understood?
4. When someone is sad, what do they look like or do that is different, compared to a 

person who is not sad?

Example: Zambia Depression Assessment – Pediatrics (ZDAP)

Defining & Describing the Concept of Interest

3. Pediatric patient input on ND outcome 
assessment measures

9HIV-Associated Neurocognitive Disorders in Zambia 
(HANDZ) study; PI: David R Bearden



How the measure is administered?
• Paper & pencil vs. screen-based
• Listening vs. ‘hands-on’ participation
• Style of questions (yes/no vs. open-ended); vocabulary level

Pilot-testing NIH Toolbox – Cognition Battery tests
• Cognitive interviewing to evaluate face validity of the measures

Examples:
Picture Vocabulary: “to see if I know words” ; “to see if I am intelligent”
Auditory Verbal Learning: “my memory”; “learning”; “if I can remember”
Oral Symbol Digit Test: “my speed” ; “if I know the symbols [numbers]”

HIV-Associated Neurocognitive Disorders in Zambia 
(HANDZ) study; PI: David R Bearden

Face validity of the measure? 

3. Pediatric patient input on ND outcome 
assessment measures



Is the measure “kid-friendly”?  
Can the outcome assessment 
be designed to optimize a 
child’s orientation / attention 
to the task?

Early Years Toolbox10

http://www.eytoolbox.com.au/
Ages 2:6-5:11 (Expressive 
Vocabulary)
Ages 3:0-5:11 (Executive 
Function tasks)

3. Pediatric patient input on ND outcome 
assessment measures

http://www.eytoolbox.com.au/


What is the perceived burden associated with participation in the outcome 
assessment?

3. Pediatric patient input on assessment of 
endpoints11-12



4. Relevance of neurodevelopment to non-ND outcome 
assessments and endpoints

• Can the child describe or answer questions about how they feel / function?
• Can the child identify priorities for health and well-being?
• Are outcome assessments (and their instructions) designed to be accessible? 

understandable ?  kid-friendly?



• Cognition and developmental level inform the ability to provide 
accurate and/or detailed information on other outcomes of interest

• Sensory and motor function may inform design of some measures to 
ensure accessibility

EXAMPLE – CLN3 (juvenile) Batten disease (Adams et al, 2013)
• Children experience vision loss (onset between ~ 4-7 yrs. of age)
• Assessment of cognition involves only verbally-mediated tasks

• “Age-appropriate” may not always be disease appropriate….
EXAMPLE – Sanfilippo Syndrome / MPS-IIIA (Delaney et al., 2013)
• Often, mismatch between chronological & developmental age
• Vineland Adaptive Behavior Scales informs selection of cognitive 

assessment

5. Some other considerations



• Would some outcome assessments need to vary, within trial, across the 
range of ages and developmental levels of patients who are included?

EXAMPLE – MPSIIIA (Delaney et al., 2013; Ghosh et al., 2017)
• Choice of ND outcome assessment used, to assess cognitive 

endpoint, is guided by developmental level of the child

• Using our ND Crystal Ball….

Within a trial, must anticipate age-expected changes 
in neurodevelopment and have outcome 
assessments that are sensitive to that change

Will children “grow into” areas of strength or 
difficulty, as neurodevelopment continues beyond 
the time-span of the trial?

5. Some other considerations





Closing Thoughts
Age-dependent changes in cognition, motor, and sensory function will likely 
impact selection of 

• Endpoint focus
• Selection of tools (outcome assessment measures) to measure endpoints

Pediatric patients can offer input on ND endpoint definition, development of ND 
outcome assessments, and/or support direct measurement of an endpoint (i.e., 
patient-reported outcome measures). This may depend upon…

• Age / developmental level
• Concept of interest
• Impact of symptoms upon ND function

So… “No size fits all”, or …. “One size fits one…” ? 

“Begin with the end in mind….”
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