
How youth can benefit  from designing (and fixing) 
buggy projects with programmable microcontrollers 

Making Bugs for Learning

Luis Morales-Navarro, University of Pennsylvania
Deborah A. Fields, Utah State University
Yasmin B. Kafai, University of Pennsylvania



Gayithri
Mia

Luis
Yasmin Debbie

Michael Justice

A team effort/project!

+ amazing teachers and youth!

Mike



“You have to learn 
how to handle failure. 
But you can learn from 
that.”

Katalin Karikó

“Making mistakes is 
beautiful, mistakes 
are pleasures.”

Bad Bunny



Productive Failure

PRODUCTIVE FAILURE
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I keep making 
mistakes. I’ll 
never be good at 
coding!

I’m just not smart 
enough for CS, I’m not 
taking it next year.

I wonder how I can 
fix this bug! 
Maybe if I try...

I love a good 
challenge!

See Burnette et al., 2020; Nolan & Bergin, 2016



Debugging as a holistic process [3]:Traditional approaches to 

debugging:

● Checklists [1]

● Strategies [2]

● Problem sets [1]

[1] McCauley et al., 2008.
[2] Silva, 2011.
[3] Dahn & DeLiema, 2020.
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Debugging by Design:

Having students 
design buggy 
(rather than functional) 
projects for their peers to 
solve 
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Making projects with 
bugs is fun! [1]

If I see these errors 
again, I know how to 
fix them [1]

[1] Fields, Kafai, Morales‐Navarro, & Walker, 2021.



code

craftcircuit

E-textiles/Physical Computing

Personally relevant/creative projects!



1. Hall of Bugs

2. Planning buggy projects

3. Making buggy projects

4. Solving buggy projects

Reflection

Debugging by 
Design

Fields, D. A., Kafai, Y. B., Morales‐Navarro, L., & Walker, J. T. (2021). Debugging by design: A constructionist 
approach to high school students' crafting and coding of electronic textiles as failure artefacts. British Journal of 
Educational Technology, 52(3), 1078-1092.



Context 

● Spring in 2019 - 1 classroom 
(25 students)

● Spring 2020 - 10 classrooms 
cancelled due to COVID

● Spring 2021 - 11 online 
classrooms (8 DbD n=158, 3 
E-textiles n=93)

● Implementing Electronic 
Textiles unit within Exploring 
Computer Science 

● Eight 50 minute long class 
sessions

E-Textiles Buggy Project: 

Sick Cloud Throwing up a Rainbow by Evelyn & Nicolás  



What types of bugs did 
students design?

Morales-Navarro, L., Kafai, Y. B., Brennan, K., Haduong, P., Venkatasubramanian, V., Hennig, H., Michaeli, T., Weintrop, 
D., Tsan, J., Franklin, D., Jimenez, Y., Gardner-McCune, C., Hennessy Elliott, C.,  Schneider, M., Bush, J. B., Fields, D. 
A., Recker, M., Nixon, J., Castro, F., DesPortes, K., Tissenbaum, M., Smith, C., Bawankule, A., Hopping, D., Holbert, N., 
Correa, I., Danzig, B., Zikovitz, D., Blikstein, P., Berland, M. (2023). Designing for Successful Failures: Constructionist 
Perspectives on Supporting Personally Meaningful and Culturally Empowered Learning and Teaching. In Proceedings of 
Fablearn/Constructionism 2023.



circuit and design bugs



semantic
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syntax
bugs



What growth mindset 
practices did students 
demonstrate while 
engaging in DbD?

Morales-Navarro, L., Fields, D. A., & Kafai, Y. B. (2024). Understanding growth mindset practices in an 
introductory physical computing classroom: high school students’ engagement with debugging by design 
activities. Computer Science Education, 1-31.



What growth mindset practices did students demonstrate while 
engaging in DbD?

Choosing challenges that lead to more learning

Persisting after setbacks

Giving and valuing praise for effort

Approaching learning as constant improvement

Developing comfort with failure

             󰢉  󰚒  

I’m done with the 
code!

Let me see what 
other things we can 
do



Growth Mindset Practices in Debugging by Design



Growth Mindset Practices in Debugging by Design



Growth Mindset Practices in Debugging by Design



What are the effects of DbD 
on Students’ Self-Beliefs in 
Computing?

Morales-Navarro, L., Giang, M., Fields, D. A., & Kafai, Y. B. (2023). Connecting Beliefs, Mindsets, Anxiety, 
and Self-Efficacy in Computer Science Learning: An Instrument for Capturing Secondary School Students’ 
Self-Beliefs. Computer Science Education. https://doi.org/10.1080/08993408.2023.2201548 

Morales-Navarro, L., Fields, D.A., Giang. M., & Kafai, Y. B. (2023). Designing Bugs or Doing Another 
Project: Effects on Secondary Students’ Self-Beliefs in Computer Science. In Blikstein, P., Van Aalst, A., 
Kizito, R., & Brennan, K. (Eds.). Proceedings of the 17th International Conference of the Learning Sciences - 
ICLS 2023. Montréal, Canada: International Society of the Learning Sciences.



DbD: E-Textiles Buggy Projects (n = 158)  

Hall of Problems: Discussion of errors and mistakes

Debug-it design: 5 bugs in code and 1 bug in circuit diagram. 
Provided a project statement, circuit diagram, and code. 

Project construction: Built and solved each others projects.

Comparison: Music projects (n=93)

Students made a project with programmed music (by 
coding tones and rhythms, using arrays, for loops, and 
conditionals).



Data collection 

● Project completion variable (“Didn’t do it” (1) to 
“Finished” (5))

● CS self-beliefs constructs four point likert scale 
(factor loadings average of .742 and range 
between .491 to .875; reliabilities between 
.713 and .889)

○ Problem solving competency beliefs
○ Fascination in design
○ Value of CS
○ CS creative expression
○ E-Textiles coding self-efficacy
○ Programming fixed mindset
○ Programming growth mindset
○ Programming anxiety
○ Programming self-concept



Did participation in the DbD/comparison (Music) activity impact 
students' project completion?

No significant difference between DbD and comparison in terms of 
project completion
DbD (M = 1.537, SD 2.56)

Comparison (M = 2.56, SD = 1.550) 

ANOVA: F (1, 142) = 0.000, p = 1, partial η2 = 0

No difference by gender or teacher



Did completing either class project relate to students’ CS self-beliefs and was 
this influenced by whether students were in the DbD or the comparison 
(Music) activities?

 Construct DbD Comparison

Problem solving competency beliefs .191 .364**

Fascination in design .257* .229

Value of CS .201 .266

CS creative expression .284** .363**

E-Textiles coding self-efficacy .321** .335*

Programming fixed mindset -.032 -.178

Programming growth mindset .313** .230+

Programming anxiety .042 -.330*

Programming self-concept .190 .297*+p < .10, *p < .05, **p < .01
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Did completing either class project relate to students’ CS self-beliefs and was 
this influenced by whether students were in the DbD or the comparison 
(Music) activities?

 Construct DbD Comparison

Problem solving competency beliefs .191 .364**

Fascination in design .257* .229

Value of CS .201 .266

CS creative expression .284** .363**

E-Textiles coding self-efficacy .321** .335*

Programming fixed mindset -.032 -.178

Programming growth mindset .313** .230+

Programming anxiety .042 -.330*

Programming self-concept .190 .297*+p < .10, *p < .05, **p < .01

Significant for 
comparison 
(music)



How did students’ approaches
to troubleshooting change 
from pre to post? 

Morales-Navarro, L., Fields, D. A., Barapatre, D., & Kafai, Y. B. (2024, March). Failure Artifact Scenarios 
to Understand High School Students' Growth in Troubleshooting Physical Computing Projects. In 
Proceedings of the 55th ACM Technical Symposium on Computer Science Education V. 1 (pp. 
874-880).





Identifying 
potential bugs 
across domains.

Alluvial diagram shows the distribution of students by types of bugs identified.



Identifying multiple 
causes for 
potential bugs.

Alluvial diagram showing distribution of students that identified that a bug may be caused by more than one 
problem in a single domain or across domains.



Becoming more 
specific in 
identifying bugs

Bug 
Identification 
Categories

Description: Identify coding 
as the relevant domain with 
varying levels of clear 
definition

Example

Defined coding 
bugs

Identify a bug location, and 
identify a specific error. 

“Using digitalRead() instead 
of digitalWrite() to change 
that LED to HIGH.” Damian

Semi-defined 
coding bugs

Identify either a bug location 
or a specific error, but not 
both. 

“There’s something wrong in 
the for loop”  Viviana

Undefined 
coding bugs

No bug locations or specific 
errors identified.

“Since there's two it's, maybe 
one of the lights isn't coded in 
yet” Amelia



Becoming more 
specific in 
identifying bugs

Alluvial diagram showing how student distribution by coding bugs identification category changed.



Takeaways

Designing buggy projects for peers to solve may support students in:

● reflecting, creating and documenting mistakes

● developing growth mindsets

● becoming more competent in identifying bugs across domains
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