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[ fell in love with this
magic early in life

As a closeted trans teen, code
was my escape

[ created virtual worlds where I
could be myself, flee my body,
avoid my gender plight

[ used the internet to learn
about others like me.
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—  Captivated, I've spent

.. t:  thepast20 years
S 1owering barriers to
= programming.
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[ invented new ways of making,
breaking, and fixing software.
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All of this followed from
two particular notions

of justice...
1. Computing should be useful

and usable to everyone

2. Everyone should be
empowered to harness
computing
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Then I started reading...

Over the past five years, I learned how
software is being used to oppress,
marginalize voices, erode discourse,
dissolve safety nets, surveil
communities, shrink the middle class,
and encode anti-Black racism.

Programming, my lifelong professional
and personal interest, was both a tool
of empowerment and injustice.



My research amplified === —
algorithmic bias

My research on debugging tools |men—2 \ |
! FENERSS I N
\—

made software faster and — e,
. why did :Mﬁ =5.0 pixel stroke?
cheaper to make, helping A

developers write biased =

correctly than ever before.

Faster fixes, more disruption (Ko and Myers, 2008).
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My research centralized
and privatized power

My inventions largely served
powerful platforms owned by
Amazon, Google, Facebook,
Microsoft, and Apple,
disempowering smaller
organizations and the public.
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Microsoft replicated our
developer tool ideas and
restructured teams based on
my productivity research
increasing its power.

Google built upon our
research on ML
development, streamlining
data debugging.

Apple replicated our
learning technologies to
attract learners to its walled
garden through Swift
Playgrounds.

Facebook leveraged our work
on help systems to lower
usability friction, keeping
people on its platform.



My research replaced
people with machines

Our research on help systems,
and the startup that grew out of
it (AnswerDash), created two
dozen jobs replaced tens of
thousands of customer service
agents with information
retrieval algorithms, while
enriching investors (a little).
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Empower your customers with
instant answers right in your 2
Site or app. ‘

ALL CUSTOMERS
HAVE QUESTIONS
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- We eagerly found ways to replace human effort with

machine effort.
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Coming out, I faced
oppression first-hand

TSA body scanning led to
invasive body searches
ACM/IEEE digital libraries
continue to deadname me
Trans-exclusive health IT has led
to medical errors

Twitter has facilitated bullying
News aggregators give me daily
reminders of violence against
trans people
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Being trans is in a transphobic world is hard.
Software makes it harder.



A moral quandary...

[ love computing as a medium Computing is harming me and

and want other people to love others, and few in CS seem to

it too! care or do anything about it.

['ve spent my whole career How can I continue advocating

trying to share that love. for something that is doing such
harm?
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[ had to

revise my 1. Computing should be-tsefrt-and

notions of wsable-respect everyone

justice... 2. Everyone should be empowered to
harness computing to dismantle
systems of oppression, rather
than reinforce them
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[ had to

reconsider 1. How can we educate the public to

my research ensure that computing respects
everyone?

2. How can we educate developers to
ensure they make choices that
dismantle systems of oppression,
rather than reinforce them?

Critical Computing Education — Amy J. Ko



Today, I want to share my lab’s nascent
efforts to explore these notions of
justice in our research, teaching, and
service, and entice you to join us.



I'll discuss three ways that computing

reinforces systems of oppression
For each, I'll share research by my Ph.D.
students that explores how to teach this these

reinforcing patterns, and empower students to
disrupt them.

Critical Computing Education — Amy J. Ko



Warning

This is an unconventional talk. There will
be research, but there will also be
teaching, service, and... politics.

Feel free to ask questions in the chat and
[ may answer during the talk.



Computing
has limits

L

DEEPAIHIRE® CANDIDATE
EVALUATION ALGORITHM
INFERRED INTERNAL WEIGHTINGS

WEIGHT

FACTOR

00076
0.0520
0.0208
00105
783.5627

EDUCATIONAL BACKGROUND
PAST EXPERIENCE
RECOMMENDATIONS
INTERVIEW PERFORMANCE

ENTHUSIASM FOR DEVELOPING
AND EXPANDING THE USE OF
THE DEEPAIHIRE ALGORITHM

—

AN ANALYSIS OF OUR NEW
Al HIRING ALGORITHM HAS
RAISED SOME CONCERNS.

\

https: //xkcd.com /2237/




Many of us think of
computing as
endlessly powertul.

The world is using it to simplify
retail and transportation, but
also poverty, crime, hunger,
climate, health, wellness, and
more.
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Young, white male doctors helping young white
women through the power of computing.



Computing is not neutral.
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But this neophylic myth
has ignored real harm.

Judges are delegating sentencing
decisions to racially-biased predictions.

States are delegating food stamp
eligibility judgements to inhumane
algorithms.

Filter bubbles are dividing our discourse.

etc.



What everyone should know about computing

e (Code is often wr ONg (ONeil, 2016)
e (Code embodies its creator’s values and biases (costanza-chock, 2020)
e Code can't solve every problem; it often causes new ONes (royama, 2015

The public doesn’'t know these facts because we’re not teaching them.
In fact, many in CS are saying the opposite, that software is neutral,
that it is infinitely powerful.
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How can we teach these limits?

Three examples from my lab.



TN W published

Greg Nelson has
invented tutors that
teach limits of
programming languages

His tutor teaches the mechanics
of program execution and
reflects on its limits. Students
learn that what little
intelligence programs have is
bestowed by people.
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- I'm on the job market this year, and do
HCI and Computing Education!

Learning step 1 of 180

=

If statements

Now it's time topuse what you learned about
boolean values and operators!

Before this, the computer would execute all
instructions created from the code.

If statements allow computers to do some set
of instructions if a condition is true or not.

They look like this

var x = 0;
if (10 >0 ){
/* the compus
because the condition is true
and that leaves true on the stack
we put x = 100000; here
just so you can see some co
execute inside the if */
X = 1000000;
}

var x = 0;
if (0> 10 ){
/* the comp

ter will execute inside here

first frame()
instruction

This is a variable declaration statement. It declares
one or more names and can optionally assign them
values.

stack
empty

namespace
{}

computer will NOT execute inside here
ondition i

if ( condition ) because the c s false
{ and that leaves false on the stack */
X = 1000000;

code goes inside the { }'s

} 3

Let's step through one to see how it works.
var x = 0;
if (10 12 0 ){
/* the computer will execute inside here
because 10 is not eqaul to 0
and that leaves true on the stack */

x = 1000000;

/* the computer will NOT execute inside here
ca is eoual to 10

Greg Nelson, Benjamin Xie, Amy J. Ko (2017). Comprehension First: Evaluating a Novel
Pedagogy and Tutoring System for Program Tracing in CS1. ACM International Computing
Education Research Conference (ICER), 2-11.




RESEARCH in review

Stefania Druga has
shown youth the
limits of Al

— I study Al literacy, HCI, and Computing
Education

When children begin to create
with machine learning
embodied in robots, they begin D ————

to debate the capabilities with as (I anctwai
peers, and come to see the
power of Al skeptically.
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RESEARCH <iUNUESIVIES

Alannah Oleson has
invented methods for
uncovering designers’
assumptions.

Over a period of weeks,
students come to realize the
narrow ways in which they
understand human diversity
and the complexity of
designing for it.

— I study HCI and Design Education from
a soctial justice lens.

"[ feel slightly less confident in my inclusive
design skills [now]... the result of a reality
check the [method] gave me."

“.. helped us understand the assumptions that
we had but didn’t notice while we were
creating the design.”

“.. taught us to think about all kinds of users
rather than just a generic one”

“My biggest takeaways from [class] were that I
had prejudices... that I didn’t even realize,
that I actively needed to change those biases.”



President Obama participates in the Hour
of Code, which frames computing as a
form of empowerment without
questioning its limits.
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These are just a few
questions of many, e.g.,

How can we develop views of
CS that balance skepticism with
optimism?

How well do shifts in beliefs
about CS persist long-term?

How do new conceptions of
diversity influence algorithm
design choices?



Data has
limits

THIS 15 YOUR MACHINE LEARNING SYSTEM?

YUP! YOU POUR THE DATA INTO THIS BIG
PILE OF LINEAR ALGEBRA, THEN COLLECT
THE ANSWERS ON THE OTHER SIDE.

WHAT IF THE ANSWERS ARE WRONG? )

JUST STIR THE PILE UNTIL
THEY START LOOKING RIGHT.

S PAY
St %
(./;r . £ K"u ):l},\‘:: 5
/"' : r/’ /: “\- X,-» g ('VV\, q\"‘\’\ﬁd(ﬂ‘/%

P S S —

https: //xkcd.com /1838




Many think of data as
being inert and
abundant.

Computing makes it easy to
capture, easy to store, easy to
process. Therefore, computing
is the powertful thing, data is
just input, right?
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Data is just bits, right?
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Philadelphia crime data is used to predict where
crimes will happen, perpetuating the oppressive
past of Black surveillance in the city.
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But data is a dominant
force behind unjust code

It's biased crime data that has
bolstered the carceral state.

[t's cisnormative data on that
cause gender nonconforming
people be harrassed by the TSA.

It's our desire for data that’s
driving increases in carbon
output.



What everyone should know about data

e Datais a record of the past, not the future (oyd, 201
e Data encodes values, assumptions, and goals (arcia, 2015
e Uses of data harm people in unequal ways (costanza-chock, 2020

The public doesn’t know these limits because we talk about data in
abstract, static terms. But developers, harnessing data for
computational ends, can do concrete, dynamic harm.
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How can we teach these limits?

Two examples from my lab.



published
Yim Register 1S
teaching the limits of
data with tutors.

— I'm interested in creative ways to
develop machine learning literacy!

Draw a Line © Residuals on the Pieces of the

,,,,,,,,,,,,,,,,, "True Best’ Line Equation
y=mx+b

Collect Data @

ho(x) = Ep +6;x

Their tutor teaches prediction

: y=mx+b
concepts with personal data, “ ®
. . Guess and Check? @ A Better Wa eneralization Testinga New @
which their recent study shows R
is superior at helping people = e

learn a model’s semantics, and
frame self-advocacy arguments
in terms of those semantics. Stakeholdors Groand Advocaty Argumants in Model Mechanics. AC. hternaciona!

Computing Education Research Conference (ICER), 67-78
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in progress
Benji Xie is modeling
inequity in learning
contexts. mo i o e sdd0

& . P, a
w2 . {@h = 2000
e o, (il ' 4 .--

—

- I'm interested in equitable human-Al
interaction in learning contexts!

me &\ pll@) & 1 ,,1 w R -13_:{_ ) & 22000
. . . [ 4 \ / \ / [ 4
His latest project is “a & acee
1. students 2. Al creates 3. Al considers 4. each student 5 Al uses 6. students rank
share initial demographics & initial determines if student groupings by
severi

investigating a new ways for v T vk Al e S e U
teachers to gain insights about e e
inequities in their classrooms,

amplifying minoritized voices —

interactions w/ course
material

while preserving their privacy. s

I'm not sure...

What do you feel hinders your
learning the most?

T
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Google surveils Paris without consent.
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These are just a few
questions of many.

How can we develop learners’
understanding of data harm?

How should we reframe algorithm
design in a way that embraces the
limits of data?

How should we reframe data
structure education to highlight the
role of structure in erasing diversity?



MORAL RELATWVITY
A

NOILYZ IIYNOILYY

b o ————

Computing has
responsibility S

WHEN YCOU APPROACH THE SPEED OF LIGHT.

THAT IS, IT'S Ok TO BE SELF-SERVING, STEAL,
AND MURDER AS LONG AS YOURE GOING
REALLY REALLY FAST.

(NOTE: THIS 15 WHY RAP SoUNDS BETTER
ON THE HIGHWAY AT 90 MPH)

https: //xkcd.com /103 /

Y



CS values innovation,
disruption, power, and
speed

We celebrate students who
secure powerful roles, «
Companies that restructure For some companies, breaking things is the goal.
markets, and innovations that

reshape society.
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Many CS departments are structured as
bootcamps for big tech—including ours at UW.
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But CS often leaves the
moral choices about
what to create to
investors.

But what graduates make is not
an individual choice, but a social
one. It's our responsibility to
center these individual and
collective value tensions and
impacts in student learning.



What everyone should know about the
responsibility of CS

e Software design choices are collective choices (vai, 201
e Developers’ values and politics are infused in their choices vaxi, 201
e Developers are responsible for what they make (ricaman, 1992)

Too few people—including CS faculty—understand these
responsibilities. It's our job as teachers to develop awareness of these
them, creating a global sense of accountability amongst people who
amplify social forces with computing.
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How can we teach these responsibilities?

Two examples from my lab.



in review
Neil Ryan is
understanding career
choices.

Their latest project has found
that most undergraduate CS
majors rapidly absorb the
dominant narratives about
careers from their departments
and shape career trajectories
accordingly.
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44

- I want to change the narrative of what's
standard, acceptable practice in
computing to better serve humanity!

it really normalizes going into big tech just after
undergrad. Which I think implicitly normalizes
not going down other paths, and not asking
questions of these big tech companies. I mean,
this is what makes (CS) money, right? When they
can have recruiters and big tech companies
come recruit successfully, and get, like, tech
workers into their capitalist agendas, then (CS)
gets more money.’

— CS-P1, reflecting on the large gifts given to CS
departments by tech philanthropists.



RESEARCH <INl

Jayne Everson is
studying how to
prepare justice-focused
K-12 CS teachers.

b ° ° b O We are researcher-practitioner partnership at the
She S JUSt Startlng tO O Serve < Q University of Washington, Shoreline School District, and
h o, 0 1 ﬂ o d ," * 3 "‘ Highline School District investigating innovative ways to
OW Crltlca re eCtlon CS an a_@.. 6 integrate CS education and social justice. Our team

combines diverse perspectives and expertise in

S O Ciety Change S the hOW th ey “‘. ,-' ".‘ ..‘: secondary teacher education, CS education research,
S U S administration, and social justice perspectives on
see computing and how they Q8

computing and society. Our goal is to prepare a new

— I'm interested in tools and teaching
methods for supporting project-based
learning about CS and soctal justice.”

CRITICAL CS ED PREPARING JUSTICE-FOCUSED CS EDUCATORS

. An NSF-funded project generation of secondary CS educators who center
frame Computlng tO y0 U_th investigating how to prepare social justice in their teaching, developing students
’ justice-focused middle and critical consciousness about their relationship to
across STEM learning contexts. FEASSEIESIESES computing i the worl.
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For my lab, this is just
the beginning.



RESEARCH + TEACHING + SERVICE

National Science Foundation

* WHERE DISCOVERIES BEGIN

(]
| u Stl C e I ; O Cu S e RESEARCH AREAS FUNDING AWARDS DOCUMENT LIBRARY NEWS ABOUT NSF

Secondary CS Education

Search Awards

Recent Awards

Presidential and Honorary
Awards

A new NSF grant with my College of

Grant Policy Manual

Education that will: i

Conditions

Special Conditions

Federal Demonstration
Partnership

Policy Office Website

e Launch a unique masters in teaching that
teaches foundations of CS in terms of
justice, graduating hundreds in the next 10
years

e Produce a new book on teaching methods
for critical computing education

e Investigate shifts in CS teacher identity as
they engage sociopolitical issues in their

Criticat@@ﬁi@‘lﬁgg Education — Amy J. Ko

m Award Abstract #2031265

Justice-Focused Secondary CS Teacher Education

NSF Org:  CNS
Division Of Computer and Network Systems

Initial Amendment Date:  August 28, 2020

Latest Amendment Date:  August 28, 2020
Award Number: 2031265

Award Instrument:  Standard Grant

Program Manager:  Jeffrey Forbes
CNS Division Of Computer and Network Systems
CSE Direct For Computer & Info Scie & Enginr

Start Date:  October 1, 2020
End Date:  September 30, 2023 (Estimated)

Awarded Amount to Date:  $999,723.00

(s):  Amy Ko ajk du (Principal
Anne Beitlers (Co-Principal lnvest\gakar)

Sponsor:  University of Washington
4333 Brooklyn Ave NE
Seattle, WA 98195-0001 (206)543-4043

NSF Program(s):  CSforAll-Computer Sci for All
Program Reference Code(s):  023Z

Program Element Code(s):  134Y

ABSTRACT

The University of Washington will lead a researcher-practitioner partnership that leverages
the team?s joint expertise in computer science (CS) education research, justice-focused
secondary teacher education, high school CS teaching, RPP leadership, academic program

izing to design, launch, and sustain a new justice-
focused secondary CS teacher education program to serve the Puget Sound region?s high
schools. All youth need to understand both the amazing power of computing, but also its
potential for harm in their lives. They also deserve the education to harness this power, to
amplify their voices and bend computing toward justice. To achieve this vision, this project
will design, launch, and evaluate a sustainable, pre-service, justice-focused secondary CS
endorsement program.

University of Washington proposes to design, launch, and sustain a new justice-focused
secondary CS teacher education program to serve the region?s high schools. The RPP has
the shared goal of preparing secondary CS teachers who can empower all youth to bend
i justice. This goal is achieved through deeper en

Can’t make progress without S.



TEACHING

Design Methods. This book covers interaction design, design methods,
and HCI fundamentals. | have my students read it in the first five weeks
of class, then launch into a five week design project.

Justice-Focused
Undergraduate Teaching

Cooperative Software Development. This book covers software
engineering fundamentals, but from a human, social, collaborative, and
organizational perspective, rather than from a technical perspective.

This summer, I revised all of my online -
bOOkS tO Center issues ijustice. 1ol oo 1o UserInterfa'ceSoft\_/vare_andTe'chno\ogy.Thisbookcoversthehistory,
OVO\ 0l O theory, and innovations in user interface software and technology.
. 1 SHo ¢
Dozens of faculty, including me, use (Sl
these to teach HCI, design, and

software engineering.

How will students respond to
discussions of race + software
architecture? Stay tuned to my

g;i‘ﬁgat;gglgputing Education — Amy J. Ko

Can’t make progress without S.



SERVICE

For all?

R - EVERY STUDENT AT EVERY KE12 LEVEL e
" " INWASHINGTON STATE SHQULD

K-12 Administrators

[ lead a coalition of 300+ teachers, =

Higher Ed - Cs.

CS for All Washington e

LEARN:ABOUTGOMRLTING:

Higher Ed - Education

researchers, district leaders,

Volunteers

Across our state, too few students learning about computing whether it's alesson in a K-5 class that integrates computer science ideas, a
About Us computer science elective in a middle school or high school, or an after school or summer coding camp. Why should our state's youth learn

)
Industry advocates, not-ror-profits
, ° = Diversity. Participation in CS by women, people of color, and people with disabilities is among the lowest of all STEM fields.

= Skills Learning CS promotes 21st-century skills such as creativity, collaboration, and communication.
= itizenship. Being a good citizen in the 215t century include literacy about how computing shapes our lives and society.
= Community. Our need people empowered to puting to address local problems

= Workforce. There is a global shortage of skilled software engineers. CS education can fil that gap.
= School reform. Teaching CS is a compelling, creative space where pedagogy is rich, experimental, and innovative.

, [ .
We've passed legislation that 1

= Justice. Computing can be a powerful tool for enacting justice; everyone should be able to harness it

Washington state needs pathways for all youth from across the state to develop interest and confidence in computing skills, including
understanding about how technology shapes society, learning how to data and algorithms can be used to solve problems in any domain,

) . )
re u 1 re S ‘ S e 1 e Ctlve S 1 n all S C h O O 1 S and learning how to use these ideas to create software for themselves, for their communities, and for their careers.
9 Want to learn more?

= Parents and students, see our growing lst of resources.
= Current teachers, learn how to teach CS.

2) legally defines CS in justice e
terms, and 3) secures a S3 million in . S
. Broadening K-12 participation in CS across
annual state funding to support Washington state.
teacher professional development.
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RESEARCH

Research in the Code
& Cognition Lab

Many more justice-focused CS
literacy projects on:

e Learning at home

e Learning in school

e Learning in communities

e Learning at work | Y

® Self—advocacy Students of the Code & Cognition Lab, eating donuts
without me.
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What can you do?



RESEARCH + TEACHING + SERVICE

Augment your research
with BPC plans

NSF CISE now requires
broadening participation in
computing plans

Use them to seriously address
not only issues of equity and
inclusion, but also justice.

NSF wants us to focus on broadening participation.

See bpcnet.org for guidance.
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TEACHING

Interrogate your
teaching

What values are you
supporting?

How are your explanations,
examples, and assessments
reinforcing these values?

Students are looking to us for moral guidance.

How can you be more explicit
about your values?
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SERVICE

Recognize your power
and the responsibility
that comes with it.

You have far more than you think,
and unless you carefully reflect on
the consequences of your choices,
you won't see them.

Students at the University of Washington
) . . protesting a Suzzallo library with faculty.
Being apolitical is just another

kind of political.
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Questions?

The gist:

1. Computing has limits
2. Data has limits
3. CS has responsibility

We need research, teaching, and
service that seriously engage these
facts; I'm trying to figure out how to
do that in CS education.
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)

Greg Nelson he/him
greglnelson.info
HCI+CS Ed

The many
wonderful doctoral
students with
which I
collaborate.

Benji Xi€ he/him
benjixie.com
HCI+CS Ed

Alannah Oleson they/them
alannaholeson.com
HCI+CS Ed

Neil Ryan they/them
neildryan.com
CSEd

Stefania Druga she/her
cognimates.me
Al + CS Ed

Yim Register they/them
students.washington.edu/yreg
CS Ed + Data Science

Jayne Everson she/her
http: //jayneeverson.com
HCI+CS Ed



