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Primary Goal:

Increase access to CS 
education for students 
with disabilities and others 
at risk for academic failure. 



Research Projects focused on UDL &  Inclusion



We all have a jagged learning profile

https://digitalpromise.org/
2019/01/14/powerful-lear
ning-personal-accessible/

https://digitalpromise.org/2019/01/14/powerful-learning-personal-accessible/
https://digitalpromise.org/2019/01/14/powerful-learning-personal-accessible/
https://digitalpromise.org/2019/01/14/powerful-learning-personal-accessible/


A Few Statistics about Students with 
Disabilities in the United States 
• ~ 7.5 million students w/disabilities are in U.S. public schools (~13%).

• Majority receiving special education services  includes Learning 
Disabilities (LD) category (approx. 35%) 

• The next largest categories are Speech/language, Other health 
impairments, and Autism.

• Most students with disabilities are taught alongside their peers. 



Barriers to Inclusion in K-12 CS 
Education



Systemic barriers

School-level 
barriers

Classroom 
barriers

So….
limited 

inclusion

This work cannot 
occur if we do not 
examine barriers 
to inclusion in a 
systematic way.



Example of what we see when we look at the data

Paper in preparation 



▪ Programming languages 

‣ Decoding/comprehending code 

▪ Multi-step complex problem solving

‣ Debugging 

‣ Strategically planning programs 
from the beginning to end

▪ Frustration and task abandonment 
(Israel et al., 2020)

What are Student-Level 
Barriers? 



What are the Tool and Curricular 
Accessibility Barriers? 

‣ There is no such thing as “fully 
accessible” programming platforms: 

‣ Limited access with screen readers

‣ Rely on visual representations

‣ Cognitive supports are typically outside 
the system (i.e., teachers)

‣ Many activities are open-ended with 
limited structure



Video Example: “It’s Glitching!”

http://www.youtube.com/watch?v=CkU3dptnPQ8


Pathways to Inclusion



Systemic Pathways

School-level 
Pathways

Classroom 
Pathways

Full 
Participation/

Belonging

Just like with 
barriers, we must 
consider pathways 
in a systematic 
way. 
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The UDL Core Concepts

Barriers exist 
in the learning 
Environment

Variability is the 
Norm/Jagged 

Learning Profiles

The Goal is 
Expert Learning

https://docs.google.com/presentation/d/1r46DZ5P1m_kM2JdxDOxZ0aDfpVAh2DSPSeB30YRucXs/edit?usp=sharing


Enter Universal Design for Learning

Access
Build

Internalize



The UDL guidelines:  

Strategies applied to any 
discipline so all learners 
can access & participate 
in meaningful, challenging 
learning opportunities.

http://udlguidelines.cast.org/binaries/content/assets/udlguidelines/udlg-v2-2/udlg_graphicorganizer_v2-2_numbers-no.pdf


UDL in preK-12 CS Education

https://docs.google.com/document/d/1V7qsDUgrE6_L7xGF3CuPLs7BhuBwp4P-EIGqio27rxo/edit


Example: Continuum of Guided to Open-ended 
Exploration to Teach Debugging

Construct 
“exploded” code

Students 
reconstruct a 
code that has 
been 
deconstructed

Play and Remix Existing 
Code

Students play & 
remix with code 
that has been 
constructed

Debug “buggy” 
program

Students debug 
a program that 
is not working



Scaffolded Scratch Projects

Dancing Ballerina  Play and remix 
Dancing Ballerina Exploded Code
Dancing Ballerina Buggy Program
Dancing Ballerina Spicy Expansion

https://scratch.mit.edu/projects/504270101
https://scratch.mit.edu/projects/504227393
https://scratch.mit.edu/projects/504926166
https://scratch.mit.edu/projects/504926949


Our Research on 
UDL-based Inclusive 
Practices



Study 1: Special Education Teachers in Promoting 
Access to  CS Education: BrowardCODES-for-All 



Research Questions 

1. What resources do special education teachers need in order to provide CS 
education to students with disabilities? 

2. What features of professional development empower teachers to provide 
meaningful CS education to students with disabilities? 





Professional Development Content

1. Inclusive and accessible CS instruction based on Universal Design for 
Learning (UDL; CAST, 2011)

2. Individualizing CS for students with more significant needs

3. Exploration of accessibility features within available CS software and 
hardware

Example Agenda

https://docs.google.com/document/d/1Z-Qcfi2x4awgRol_Tj7aab-_rlXqhs2a/edit


Time to 
brainstorm 
challenges 
and 
strategies 
was key



Data includes teaching artifacts

One example: Teaching Shapes with Dash Robot

https://docs.google.com/file/d/1vqWl18r9_z0g8ENkHr5E3dzGtRWYlQI0/preview


Study 2: Instructional Coaching Study 
(Collaboration with Cornell Tech)

Purpose: Investigate teachers’ comfort in teaching CS to students with disabilities & 
how CS coaches provide support to teachers in this effort. 

Research questions: 

1. How confident are teachers in supporting students with disabilities in CS 
education? 

2. To what extent does instructional coaching influence teacher confidence in 
teaching CS to students with disabilities? 

3. How familiar are teachers in using UDL during CS education? 

4. How are CS instructional coaches addressing inclusion and UDL in their 
coaching practices? 

Paper under review



Participants

▪ 66 teachers from two K- 6 schools 
‣ 37 general education 

‣ 16 special education 

‣ 6 school-based coaches 

‣ 3 gifted and talented

‣ 4 English as a second language

▪ 4 Computer Science Instructional Coaches 



29

Teacher in 
Residence (TIR)

Content Coaching
● Systems-based approach
● Co-planning
● Observation/co-teaching
● Reflection & Feedback
● Supplemental PD



Research Design

▪ Quantitative analysis of pre/post teacher surveys

▪ Qualitative analysis of open-ended post-survey items

▪ Qualitative analysis of focus group with CS coachers



Quantitative Survey Results

Paired Samples t-test Results:

Multiple linear regression: F(3, 57) = 11.54, p < .001 with an R2 = 0.35.

Confidence in teaching CS to students with disabilities based on the number of years the teachers taught CS, 
confidence in teaching CS in general, and understanding of UDL in the context of CS 



Survey Questions
What strategies support students with disabilities in CS instruction?  

Exploratory, 
hands-on 
learning

Visual supports Step-by-step 
instructions



Qualitative Results - Coach Focus Group 

Equity Teacher 
Agency

Universal Design 
for Learning



Student Performance through Video Analysis 

▪ Collaborative Computing Observation 
Instrument (CCOI)

▪ Goal: Track student challenges and strategies
▪ Codes for

‣ Independent/Collaborative problem solving
‣ Challenges/barriers
‣ Computational discussions
‣ Non-computing behaviors

▪ https://ccoi.education.ufl.edu/ 

https://ccoi.education.ufl.edu/


Studying Student Engagement and Learning 

Data includes:

-Videos of students’ computational behaviors

-Student observations

-Addition of data analytics (sequential data 
mining, Hidden Markov Modeling) 

-Cognitive interviews/think-aloud protocols



So how can we measure student 
participation?

-Interactions with peers
-Persistence on difficult tasks
-Adaptive help seeking
-Difficulties faced 
-Successes and failure in completing CS activities
-Metacognitive strategy use



Study 3: Examination of Debugging

▪ Video of students engaged in computational tasks.

▪ Code for challenges and debugging strategies

▪ Most common debugging approaches:
▸ Trial and error

▸ Step-by-step testing/error elimination

▸ Abandoning code and starting over

▪ Most common “other” strategies
▸ Using system-embedded supports (e.g., tutorials)

▸ Help seeking from peers and adults
Yan et al., (in preparation)



Mapping Debugging to Learning Trajectories

Example 
Debugging 
Behavior

Example Consensus Goals in 
the Learning Trajectory 

Step-by-
step error 
elimination

-Intermediate results can find 
and fix errors

-Step-by-step execution of 
instructions can help fix and find 
bugs.

Yan et al., (in preparation)

http://everydaycomputing.org/public/visualization/


Study 4: Samples of Human Labeled Sequences Related to 
Problem-Solving Phases

Trial & Error Systematic 
Testing

Systematic Testing 
with Partial Solution Full Solution

Circled Toppings’ attributes are correct

Test one at 
a time

Winnowing

Additive 
(most used, 
59.10%) 

Three 
strategies

Liu et al. (in 
preparation); 
U.S. Dept of Education, 
EIR; INFACT Project (PI: 
TERC)



Gray: probability as 
initial states

Red: lower probability

Blue: higher probability

Raw findings:

● Systematic_testing has highest probability as an initial phase (0.539).
● Trial_error → Trial_error has highest probability of transition (0.662).
● If student get a full_solution in previous puzzles, always start with Systematic_testing phase in next puzzle (0.424).

Probability of Transitions among Different Phases in Problem-Solving Progress



What’s Next? 

Universal 
Design for 

Learning

Culturally Responsive 
and Sustaining 
Pedagogy

Translanguaging/
multilingual education

Intersectional 
Inclusive 
Computer 
Science 

Education 

CSTA Inclusive Teaching Practices

https://csteachers.org/page/guidance-for-inclusive-teaching


Key Takeaways 

1. Please include students with disabilities in K-12 CS education. They WILL 
succeed when given accessible, engaging activities. 

2. Consider goals, anticipated barriers, and the UDL principles when designing 
instruction for all learners.

3. Disaggregate your data to see who is meeting instructional goals and who is 
not.

4. Share successes of students with disabilities in CS education so we can 
start shifting the discourse to better inclusion. 



Thank you so much! 


