
Everywhere, Everyone



People are Diverse





An Example of Diversity

ñAcedò the MOCA.                  ñFlunkedò the MOCA





Universal Design for Learning



Some people face 

more barriers

than others



Retrofitting 

is highly 

problematic



Universal Design



...better for Everyone



But careful design matters



But what is Universal Design 
for Learning?



Universal Design for Learning



A research-based framework for 
identifying individual differences 

in learning



..and designing learning activities 
that meet the challenge of diversity



by reducing barriers for some 
and increasing options for all
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3 Principles of UDL

Necessary for some, good for all





Advances in learning 
sciences

Advances in learning 
technologies



What do individual differences
look like in the brain?



Neuroimaging:
Individual differences are huge.



David vsRuth on Music

Perfect Pitch



David vsRuth on Music

Perfect PitchNot so much





David vsRuth

Ruth is ñhyper-connectedòDavid is ñhypo-connectedò



²Ƙƻ Ƙŀǎ ŀ έŘƛǎŀōƛƭƛǘȅέΚ

It dependséé



!ŎǘǳŀƭƭȅΣ ǿŜΩǊŜ ōƻǘƘ ƻƴ ŀ {ǇŜŎǘǊǳƳ

Hyper-acuity of pitchHypo-acuity of pitch



But the culture sees categories..

Defective                     Regular                      Gifted

Disabled Average Genius



What determines where each of us 
are on the spectrum?

Biology Matters

1) Neuroanatomy Matters

2) Phylogeny Matters

3) Genes Matter



What determines where each of us 
are on the spectrum?

Biology Matters

1) Neuroanatomy Matters

2) Phylogeny Matters

3) Genes Matter

Environment Matters

4) Culture Matters

5) Language Matters

6) Instruction Matters

7) Timing Matters

8) Technology Matters

9) Context Matters



Both Biology and Environment 
determine the cut-off for disability, abnormality 



Revisiting the Autism Spectrum
Traditional View

Normal, Non-DisabledAbnormal, Disabled



Revisiting the Autism Spectrum



Vernon Smith      Greta Thunberg



!ƴƻǘƘŜǊ ά{ǇŜŎǘǊǳƳέ

Hypo-connectivity Hyper-connectivity
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Tim Berners-Lee



Learners with ADHD are Hypoconnected in many ar eas 

e.g. Chandra S. Sripada, Daniel Kessler, and Mike Angstadt  2014
Sripada, C.S., Kessler, D. and Angstadt, M. (2014)



Another άSpectrumέ

Hypo-connectivity Hyper-connectivity

Autism



What determines where each of us 
ƛǎ ƻƴ ǘƘŜ άŀǳǘƛǎƳέ ǎǇŜŎǘǊǳƳΚ

Biology Matters

1) Neuroanatomy Matters

2) Phylogeny Matters

3) Genes Matter

Environment Matters

4) Culture Matters

5) Language Matters

6) Instruction Matters

7) Timing Matters

8) Technology Matters

9) Context Matters



Where am I on the autism 
Spectrum?

It dependséé



I am on the Spectrum, 

And so are you.  



Where did the three principles 
come from?



Perceive, 
understand, 

and remember 
information from 
the environment

Recognition Networks
²ƘŀǘΩǎ ǘƘŀǘΚ



Recognition on the MOCA



Where does recognizing sound 
happen?



Where am I on the hearing 
spectrum?

It dependséé



Aging has changed 
where I am on the spectrum

New Barriers to Learning: 1) hearing



ÅNEUROLOGICAL EXAM
MS: His language was fluent but slightly slow and hesitant. He
scored a 25 out of 30 on the MOCA losing 1.4 trails, digit span
back and 3 points for delayed recall. He named 12 words
beginning with F, 16 animals with one repetition. Boston naming
was 15 out of 15. On the I Boca he was 5 out of 5 on the visual
association recall and recognition.
CN: EOMI, PERRL, VFFTC, Face symmetrical. Tongue and uvula
midline. Hearing intact.
MOTOR: No drift. No adventitious movements. FFM and RAM are
rapid. Full power throughout. 
SENSORY: Intact to LT
DTR: Symmetrical throughout. Plantarsare downgoing.
COORDINATION: FFM, RAM, dysmetria, dysdidokokinesia.
GAIT: Narrow based and steady.



New Technologies 
Change where I am on the Spectrum







Word Recognition Area



Recognizing words in the Brain



¢ƘŜ άǊŜŀŘƛƴƎέ {ǇŜŎǘǊǳƳ

Hyperlexia Dyslexia       Alexia



Who has a disability?

Hyperlexia Dyslexia       Alexia



What to do about diversity in reading?

Hyperlexia Dyslexia       Alexia



Advances in learning 
sciences

Advances in learning 
technologies



How have new technologies 
changed reading?



Advances in Learning Technologies
A Foundation for Flexibility



Flexible Display

A Tale of Two Cities
It was the best of times, it was the worst of 

times, it was the age of wisdom, it was the age 

of foolishness, it was the epoch of belief, it was 

the epoch of incredulity, it was the season of

A Tale of Two Cities
It was the best of times, it was the 
worst of times, it was the age of 
wisdom, it was the age of foolishness, 
it was the epoch of belief, it was the 
epoch of incredulity, it was the season 

ŇźŘŜőźƁĶůĶŜūŉů
ŐŜśŏŐĶūśōśŶĤȃūņū, ŐŜśŏŐĶū

śōśŶōŰőūņū, ŐŜȐūŉĶůĨưņů, ŐŜŏűķƈŅū

ĶůĨưĶūņū, ŐŜŬŗ˵ūśĶūŐŰĸņū, ŐŜ

ĤŬŗ˵ūśĶūŐŰĸņū, ŐŜŏŻśŏĶūņū



A Tale of Two Cities
It was the best of times, it was the worst of 

times, it was the age of wisdom, it was the age 

of foolishness, it was the epoch of belief, it was 

the epoch of incredulity, it was the season of

Flexible Display:
Multiple Representations



Flexible Display:
Multiple Representations



Flexible Display:
Multiple Representations



Schools need to make learning materials 

universally accessible

Nov. 17, 2019 Seattle Times

Iôm a college sophomore and I havenôt read a 

print book since eighth grade.



What are the downsides of 
remediation?



The National Instructional Materials Accessibility Standard

Federal NIMAS Legislation

© CAST 2011



ΧŀŘŘǊŜǎǎŜǎ ǘƘŜ ƴŀǘƛƻƴŀƭ ƴŜŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ 
availability and timely delivery of print 
instructional materials in accessible formats to 
blind or other students with print disabilitiesin 
elementary and secondary schools.

© CAST 2011



https://www.bu.edu/disability/accommodations/procedures/specific/alternat
e-format-textbooks/

https://www.bu.edu/disability/accommodations/procedures/specific/alternate-format-textbooks/




Making LecturesMore Universal



Making LecturesMore Universal

Accessible Multimedia Slides

(posted before class)

Full video (captioned) available 

on the web 24 hours later

Crowd-sourced note-taking



Making LecturesMore Universal



Making LecturesMore Universal



Making LecturesMore Universal



Making LecturesMore Universal



Making LecturesMore Universal



Making LecturesMore Universal



Bob Gibbons, 
Sloan School of Management 

MIT

No readings.

Before Class: Short Video Lectures posted

For each video, discussion question added

Students answer half the questions

Short answers, 24 hours ahead. 

During Class: 

Prof. picks some answers to discuss, 

Sets up an orderfor best discussion

Benefit: Both student and teacher have timeto reflect and plan   

ahead

Å



Zoom 



Where do the three principles 
come from?



Strategic (Frontal) Cortex
How to DO that?

Planning, organizing 

and executing skillful 

actions in the 

environment



Late to Develop, Early to Degrade

Executive 
Functions



Executive Function on the MOCA



Trail Making Test Part B 







Å

IMPRESSION/SUMMARY: In summary Mr. Rose is a 72-year-old former
neuropsychologist who is been having cognitive and memory
difficulties for the past year to 2. On my testing he scored a
25 out of 30 on the MOCA. Consistent with mild cognitive
impairment. This may be amnestic subtype though he did have some
executive difficulties. His formal language testing was
considered normal but did have some difficulties with some slight
pauses in his overall speech I was only able to name 16 animals
and 12 words beginning of F. His remaining neurological
examination is unremarkable no evidence of any hallucinations or
extrapyramidal features.



ÅNEUROLOGICAL EXAM
MS: His language was fluent but slightly slow and hesitant. He
scored a 25 out of 30 on the MOCA losing 1.4 trails, digit span
back and 3 points for delayed recall. He named 12 words
beginning with F, 16 animals with one repetition. Boston naming
was 15 out of 15. On the I Boca he was 5 out of 5 on the visual
association recall and recognition.
CN: EOMI, PERRL, VFFTC, Face symmetrical. Tongue and uvula
midline. Hearing intact.
MOTOR: No drift. No adventitious movements. FFM and RAM are
rapid. Full power throughout. 
SENSORY: Intact to LT
DTR: Symmetrical throughout. Plantarsare downgoing.
COORDINATION: FFM, RAM, dysmetria, dysdidokokinesia.
GAIT: Narrow based and steady.



Where am I on the 
Executive FunctionSpectrum?

It dependséé



Tim Berners-Lee



Where am I on the 
Executive FunctionSpectrum?

It dependséé



Aging Changes Where I am on the 
Spectrum of Executive Function



Technology changes how I perform 
on the spectrum. 





	

Providing Options for Executive Function
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The òhowó of learning

Examples:

ÅParticipate in class in multiple 

ways (physical action)

ÅVariety of ways to express 

learning: essay, powerpoint , 

video, project, presentation

ÅChunking a semester-long 

project into manageable 

deliverables (executive 

function )



© CAST 2011
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T-560 Final Project



Scaffolding the Project

© CAST 2011



Scaffolding the Project

© CAST 2011



Scaffolding the Group Process

© CAST 2011



Team Learning Assessment 
Rubric

T560 

Based on R. Elmoreôs course on supporting teachers for instructional change
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T-560 Semester long project

Goal: In teams of 4-5, develop an educational intervention of their choice 
that supports robust disciplinary thinking within a particular content area for 
all students. The final product that consists of four interrelated parts: 
1. Working prototype or highly detailed mock -up of the intervention
2. Multimedia òbrochureó 
3. Research white paper 
4. Implementation guide

Barriers
Å Challenging group dynamics that need to be addressed early on
Å òGroup thinkó could take over and lead to teams not pushing themselves
Å Logistics of working in a team
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Group Learning Rubric
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Where do the three principles 
come from?



Setting priorities for 
planning, attending, 
searching, choosing, 
remembering.

Affective (Emotional) Networks
WhatΩs Important?



Å

IMPRESSION/SUMMARY: In summary Mr. Rose is a 72-year-old former
neuropsychologist who is been having cognitive and memory
difficulties for the past year to 2. On my testing he scored a
25 out of 30 on the MOCA. Consistent with mild cognitive
impairment. This may be amnestic subtype though he did have some
executive difficulties. His formal language testing was
considered normal but did have some difficulties with some slight
pauses in his overall speech I was only able to name 16 animals
and 12 words beginning of F. His remaining neurological
examination is unremarkable no evidence of any hallucinations or
extrapyramidal features.



ÅNEUROLOGICAL EXAM
MS: His language was fluent but slightly slow and hesitant. He
scored a 25 out of 30 on the MOCA losing 1.4 trails, digit span
back and 3 points for delayed recall. He named 12 words
beginning with F, 16 animals with one repetition. Boston naming
was 15 out of 15. On the I Boca he was 5 out of 5 on the visual
association recall and recognition.
CN: EOMI, PERRL, VFFTC, Face symmetrical. Tongue and uvula
midline. Hearing intact.
MOTOR: No drift. No adventitious movements. FFM and RAM are
rapid. Full power throughout. 
SENSORY: Intact to LT
DTR: Symmetrical throughout. Plantarsare downgoing.
COORDINATION: FFM, RAM, dysmetria, dysdidokokinesia.
GAIT: Narrow based and steady.



Nothing about Emotion?

About Affect or Interest?

About Self-Regulation?



Students with reading disabilities 
are in threat states when asked to 

read

© CAST 2011

Daley, S, (2015). 



Dorenkamp, M. A., & Vik, P. (2018). Neuropsychological assessment anxiety: A systematic review.Practice Innovations, 3(3), 192ς
211.

Abstract

Older adults are the fastest growing population seeking cognitive assessment services, primarily regarding cognitive concernsand 
capacity to live independently. Neuropsychological assessment can evoke stress/anxiety in patients, and anxiety has been 
implicated in poor test performance. A review of the literature failed to identify empirical articles dedicated to the impact of a 
patientΩs awareness of the purpose and potential implications of a neuropsychological evaluation on test performance. This article 
systematically reviewed literature regarding anxiety/stress to understand what anxiety domains threaten performance, and 
identify vulnerable cognitive abilities. Seventy-eight articles were reviewed. Sixty anxiety/stress measures were used and were 
classified into 7 domains: global, trait, state, social, test, and math anxiety, and stress. There were 149 neuropsychological tests 
that were used and classified into 13 domains: academic achievement, attention, executive functioning (inhibition/switching and 
reasoning/fluency), full scale intelligence, language, memory (overall, verbal, and visual), mental status exams, motor, perception, 
processing speed, verbal comprehension, and working memory. Results revealed that (a) most studies examined healthy adult 
populations, (b) few studies used clinical samples, and (c) no studies focused on older adults from clinical populations. Of the
studies reviewed, nearly 2/3 reported some relationship between test performance and anxiety. Test, social, state, and math 
anxiety were most often associated with poor test performance. Verbal memory, attention, inhibition, and working memory were 
most consistently associated with anxiety. Findings highlight the importance of attending to anxiety in older adults referredfor 
neuropsychological evaluation and the need for anxiety assessment measures that are sensitive to aging patientsΩ concerns. 
(PsycINFO Database Record (c) 2018 APA, all rights reserved)



Where am I headed on the 
spectrum?

Hypo Anxious/Fearless                    Hyper Anxious/Phobic



Teaching as Emotional 
Work



© CAST 2011

The most important functions of emotionsτespecially 
for humans and other mammalsτis to prioritize what 
we learn. While emotions have effects throughout the 
body, it is their effects on the brainτon what we learn 
όŀƴŘ ŘƻƴΩǘ ƭŜŀǊƴύτthat is their most powerful effect. 
Indeed, some researchers emphasize that the critical 
ǊƻƭŜ ƻŦ ŜƳƻǘƛƻƴǎ ƛǎ ǘƻ ǇǊƻǾƛŘŜ άlearning signalsέ ǘƘŀǘ 
alert the brain that something is important enough to 
attend to and learn.

The Influences of Emotion on Learning and Memory

Chai M. Tyng, Hafeez U. Amin, Mohamad N. M. Saad, andAamir S. Malik(2017)*

https://www.ncbi.nlm.nih.gov/pubmed/?term=Tyng%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=28883804
https://www.ncbi.nlm.nih.gov/pubmed/?term=Amin%20HU%5BAuthor%5D&cauthor=true&cauthor_uid=28883804
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saad%20MN%5BAuthor%5D&cauthor=true&cauthor_uid=28883804
https://www.ncbi.nlm.nih.gov/pubmed/?term=Malik%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=28883804
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The òwhyó of learning

Examples:

ÅMake assignments relevant 
(recruiting interest); 

Å give lots of choice

Å Critical peer feedback 
sessions (effort & 
persistence)

Å Assessing oneself using a 
rubric before handing in 
an assignment (self-
regulation)
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© CAST 2011



Two Routes to Emotion



White Coat

Hypertension.



What about identity barriers?
Racism, Sexism, Ageism, Ableism



Two Books on UDL and Teaching
for Racial Equity


