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Raise your hand if you built an 

electric circuit in the last year.

Keep your hand raised if your circuit
worked the first time you powered it up.



Raise your hand if you have ever 

taught students to build circuits.

Keep your hand raised if students’ circuits
worked the first time they powered them up.



Nothing works

the first time.

Dounas-Frazer & Lewandowski, Phys. Educ. Conf. Proc. (2016).



Labs are necessary
and we need to invest in them.

Caballero, Dounas-Frazer, Lewandowski, and Stetzer, APS News 27 (2018)



My work on troubleshooting spans 

multiple laboratory contexts.

I’ll focus primarily on electronics contexts, 
and secondarily on optics.

Instructors teach troubleshooting via 
apprenticeship-style teaching strategies.

Students regulate each other’s model-based 
reasoning when troubleshooting.



My research agenda is influenced 

by these convictions.

It is also shaped by my social identities and 
my professional relationships.



I’m a white gay/queer man, a former 
experimental physicist, and the chair of the 
AAPT Committee on Laboratories.

My education and training have taken place 
at Predominantly White Institutions,
and I currently work at a PWI.

These identities and contexts inform my 
research agendas, choice of methods, and 
interpretation of results.







My approach to PER involves identifying, 
understanding, elevating, and building from 
instructors’ and students’ creative ideas.

Accordingly, my research is often 
qualitative, exploratory, and descriptive
rather than quantitative or evaluative.

Also, I believe that folks at PHASER Con 
have relevant collective wisdom!
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What is “troubleshooting”?



Troubleshooting is a process that is relevant 
when a system isn’t performing as expected.

It’s a type of problem-solving where the 
solution is known, but the diagnosis is not.

It’s an iterative process with multiple cycles 
of proposing, enacting, and testing repairs.
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How do instructors teach 

students to troubleshoot?



We’ve conducted interviews 

with upper-level lab instructors.

Phys. Rev. PER 14, 020118 (2018); Phys. Rev. PER 13, 010102 (2017).



We created a database of over 150 

institutions to recruit participants.
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Most participants taught at 

Predominantly White Institutions.
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Out of 55 total participants, most 

were white or male.
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Interviewers asked participants 

about their goals and practices.

Interviews centered around a certain skill: 
troubleshooting or modeling.

“Practices” include instructors’ interactions 
with students, design of activities, and 
assessment of learning.



Troubleshooting is a particularly 

important skill in electronics.

Among electronics instructors, a common 
attitude is “nothing works the first time.”

Additionally, one common framing of the 
purpose of electronics labs is for students to 
be able to “build stuff that works.”



“Nothing works the first time” 

informs instructor attitudes.

Students need to know how to troubleshoot.

Students should expect to troubleshoot.

All lab activities naturally provide students 
with opportunities to troubleshoot.

Students’ ability to build functional circuits 
is a proxy for their ability to troubleshoot.



Almost all respondents describe 

aspects of cognitive 

apprenticeship.

Neither student nor instructor can observe 
the other’s thought processes directly.

Cognitive apprenticeship refers to strategies 
that aim to “make thinking visible/audible.” 
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In what ways do you think lab instructors 
“make thinking visible/audible”?



Cognitive apprenticeship includes 

several teaching methods.

Collins, Brown, and Holum, Am. Educat. 15, 6 (1991).



In labs, robust apprenticeship 

entails interlocking these methods.
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How do students troubleshoot 

malfunctioning circuits?



We’ve conducted think-aloud 

interviews focused on students’ 

troubleshooting strategies.

arXiv:1901.02423 (2019); PRPER 13, 020116 (2017); PRPER 12, 010137 (2016).



We videotaped students while they 

repaired real circuits.
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Which troubleshooting strategies do 
students commonly employ in lab courses?



Stage 1: Noninverting Amp.

Gain = 2

Stage 2: Inverting Amp.

Gain = -10

Broken chip

We designed a circuit that would 

support multiple strategies.

Split-Half Strategy: Stage 1 is functional, therefore problem is in Stage 2

100 Ohm



We used a cognitive task analysis 

to characterize student processes.

Formulate problem description

Generate causes

Test

Repair and evaluate (yellow)

Schaafstal, Schraagen, and Van Berl. J. Hum. Fact. Erg. Soc. 42, 75 (2000).



We performed in-depth analysis of student dialogue for 
four key episodes, including ● and ★.

We broke down student processes 

into cognitive tasks and key events.



We looked for evidence of two cognitive processes: model-
based reasoning and “thinking about another’s thinking.”

“In-depth” analysis means paying 

attention to details of dialogue.



Students uses multiple strategies when 
repairing the circuit.

Students engaged in mini cycles of model-
based reasoning throughout the process.

Students regulated each other’s actions 
through bids for clarification or justification.



What do we make of all this?

Troubleshooting is a cognitive process, and 
it involves strategic knowledge.

Instructors and peers alike are valuable 
sources of (meta)cognitive regulation.

It could be beneficial to make cognitive 
apprenticeship methods more explicit.
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What do we do when our behavior 

doesn’t match our values?

My guess is that this happens a lot; see, e.g., 
the prevalence of sexual harassment in 
physics and other sciences.

Aycock et al., Phys. Rev. PER 15, 010121 (2019); National Academies (2018).



I believe that there is an important 

role for self-accountability.

Accountability is different from punishment.

Accountability is about what a person does
on their own in response to causing harm.

Fujikawa, Perez-Darby, and Kaba, “Building Accountable Communities” 
(2018).



We have to hold ourselves to 

high standards.



We have to develop skills 

related to redressing harm.



Acknowledging, apologizing for, 

and redressing harm are skills.

These skills can be taught, practiced, and 
learned.

Learners benefit from “making our thinking 
visible” to peers and mentors.

Who are our peers and mentors? How are 
they helping us hold ourselves accountable?



Others and I are exploring a model 

for self-accountability in academia.

Regan Byrd, Simone Hyater-Adams, and I 
are part of an accountability partnership.

They are my accountability partners.

The goal is to support me in redressing har

Dounas-Frazer, Byrd, and Hyater-Adams, PERCoGS Newsletter 14, 4 (2018).



Regan and Simone are compensated at a 
rate equivalent to my effective hourly pay.

Through the partnership, they support me in 
processing my own defensiveness when I get 
feedback that I have caused harm.

They also help me set and reflect upon 
inclusive goals for teaching, research, and 
service.



UBC PHASER probably has a 

sexual harassment problem.

Sexual harassment is rampant in physics 
and other sciences.

PHASER isn’t special; sexual harassment is 
probably rampant here, too.

What mechanisms do *you personally* have 
in place for aligning *your own* behavior 
with *your own* values?



If you don’t fix it, it isn’t broken.

If you have been made aware of harm but 
you take no restorative action…

…that communicates that there was never a 
mismatch between behavior and values in 
the first place.



Circling back to teaching and 

learning in labs…

The best thing we can do to improve 
students’ troubleshooting skills is to ensure 
that they have access to learning 
environments free from sexual harassment.
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