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dvancing Computer Science (CS)
Aundergraduate education requires

increasing the adoption and influen-
tial use of innovative teaching practices.
This article presents the next in our series
of interviews with prominent propagators,
educators, and researchers who have
successfully increased the user base of
pedagogical and/or curricular innovations
[1-3]. Our intent is to capture and share
their knowledge and experiences, so that
others can plan and sustain successful
ways to spread their own ideas.

In this episode, we present an interview
with Mark Guzdial, Professor of Electrical
Engineering & Computer Science at the
University of Michigan. Mark Guzdial is best
known for developing Media Computation
(MediaComp) [6], in which students learn
Python or Java while working on a series
of media-focused projects including image
processing and sound manipulation. He has
also worked on the Runestone free ebooks
platform [9], which provides Computer
Science textbooks that include educational
best practices. He is currently working
on building computational supports for
mathematics, English, language arts, and
history.

Below are highlights of the interview,
which ran approximately an hour. They
have been edited for clarity and style.

Q: WHAT WAS THE MEDIA COMPUTATION
DEVELOPMENT PROCESS LIKE?

MG: It was really a participatory design
process. | had a team of advisors who were
faculty from the liberal arts and sciences
who would review what | was doing and
say, “Yeah, | like it. | don't like it.” Because

Mark Guzdial

who am | to pick what their students
should learn about computer science? And
then we did focus groups with students,
as we're developing things saying, “Do

you like this project? Do you not like this
project?” For majors, we can say, okay, we
are experts in computer science. We know
what’s important in computer science. But
for non-majors where computer science is
more of a literacy, knowing what they want
to do with it is pretty important.

Q: WERE YOU THINKING ABOUT EXPAND-
ING IT BEYOND GEORGIA TECH AT THAT
POINT?

MG: When we first started out with Media
Computation, we looked and there weren’t
a lot of good liberal-arts-oriented CS
courses out there for non-majors. So, we
did start it saying maybe we’re coming

up with a solution that people other than
Georgia Tech would want to use. So that
was an explicit part of what we wanted

to have happen, but | figured we weren’t
going to get there if we didn’t make it
succeed at Georgia Tech.

I'was familiar with situated learning
from Lave and Wenger’s book [8]. It's a
theory of learning which basically says that
everybody is learning in order to become
part of a community of practice. First
you engage in what’s called a legitimate
peripheral participation. You work in the
mail room and things like that, which gives
you a chance to find out how the place
works. So, the first thing that we should
do if we are building computer science
for liberal arts majors is ask, “What do
liberal arts professionals do with computer
science?” This was 2002, so how many
history professors are using programming
in their daily practice? We actually wrote
a paper about how we were creating
illegitimate peripheral participation. With
MediaComp, we said, “What might a world
look like where liberal arts professionals use
programming regularly?” and we then tried
to create a course to make that legitimate.

Q: WHAT OTHER PROJECTS ARE YOU
DOING NOW THAT MEDIA COMPUTATION
HAS BEEN SO SUCCESSFUL?

MG: We're looking at what else LSA (Lit-
erature, Science, and the Arts) students
need. We've got dozens of interviews and
a hundred faculty surveys. We've come up
with three themes for computing in LSA.
There is Computing for Discovery, which

is a little bit different from data science.
Computation for Expression—this is where
Media Computation fits in, but also, they
have faculty now who are doing things in
VR and AR, extended reality, and installa-
tion art. And the third one is Computation
for Justice: looking at our systems and ask-
ing, where are they inequitable? Where are
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they making inequalities which exist in our
society worse? When we did our survey,
49% of the faculty said that all students
should be required to learn about Com-
puting for Justice. Can you imagine 49% of
faculty at any large college agreeing that
anything should be required for every-
body? | was pretty blown away.

Q: HOW DO YOU GET OTHER FACULTY

ON BOARD TO WANT TO TEACH THAT
CONTENT, ESPECIALLY IF THEY’RE OUT
OF THE DEPARTMENT?

MG: For LSA, they recognize that comput-
ing is becoming increasingly important,
even for the students who don’t want to
major in it. And so, they recognized that
they have a need, but they didn’t really
know what those needs were. And now
comes the bigger questions. How do you
meet those needs? Courses are pretty full.
Are you going to make new courses? Are
you going to try to adapt existing courses?
So, coming up with an implementation plan
is next. But there’s a third driver, which is
the economic needs of the college.

with him, saying “I'm going to teach a CS 1
with MediaComp, you go teach whatever

you want. And then, we’ll look at their final
exam in CS 2 for all of the students who go

I originally thought my challenge was
to produce data—let me prove to you
that students are learning. Then Lijun Ni
started looking at who adopted and
why, and in the end, what mattered was
the teacher's excitement. Full-stop.

Q: HOW HAS YOUR RELATIONSHIP TO
PROPAGATION CHANGED AS YOU'VE
DONE DIFFERENT PROJECTS?

MG: | originally thought that my challenge
was to produce data—let me prove to you
that students are learning. Then Lijun Ni
started looking at who adopted and why,
and in the end, what mattered was the
teacher’s excitement. Full-stop.

This is my favorite story: The head of
computer science at a university desper-
ately wanted to do MediaComp, but they
had one tenured faculty member who
taught all of their CS Tand CS 2 and he
refused. So, the head did an experiment

on and see if you can tell the difference.”
It worked. In the normal class, there was
about a 50% withdrawal and failure rate.
In the MediaComp class, it was 25%. There
was no difference between the students
on the final exams. So, this faculty member
said, “Okay, I'll teach MediaComp.” For
the next year, he was my absolutely worst
MediaComp adopter. He wrote me weekly
to tell me how terrible the curriculum was,
how everything wasn’t working. After a
year, he announced, “Okay, I've tried it. |
won't do it again.”

We can characterize his perspective as
“My job is to produce the best and bright-

est possible software engineers. | don’t
see media as a way of doing it. | don’t like
media. | am not interested in improving
retention.” So, in the end, | realized that
dissemination is really an affective moti-
vational issue, it isn’t anything to do with
rational purposes. | did work with David
Fossati, where we did a bunch of inter-
views to try to explore that [5]. We found
research studies did not have a big impact,
and people often looked for reasons not to
adopt something now. “Well, that was at
Georgia Tech. We're not like Georgia Tech.
It wouldn’t work here.”

Q: HOW DID THAT EXPERIENCE CHANGE
HOW YOU SEE PROPAGATION?

MG: | became a big fan of the /ncrease the
Impact work by Jeff Froyd and Charles
Henderson. The way that you get dissem-
ination and propagation is you start out
from what their problems are. It’s really

a marketing kind of thing: what are the
pain points, and how do | solve your pain
points? | think the ebooks have been
successful because it matters that they
are free. It matters that there’s all kinds of
activities.

Now, the fact that we’re trying to build
things on top of educational psychology
principles, that we're trying to be aware of
cognitive load, that we are trying to make
a lot of worked examples—I don’t think it
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helps us a lot with adoption of the ebooks,
but can we get people who adopt these
ebooks to see the underlying practices
that emphasize active learning or worked
examples? And can we help teachers to
adopt those practices? For Barbara Eric-
son, my wife and research partner, that is
explicitly her goal.

Q: HOW HAS THIS IMPACTED YOUR CUR-
RENT WORK?
MG: I'm doing work now with trying to
build task specific programming lan-
guages that meet teachers’ needs in
other disciplines. I work with history
teachers. | have this terrific collaborator,
Tammy Schreiner; she’s a professor in
history at Grand Valley State. She says
people don’t become history teachers
because they love numbers and comput-
ers. But social studies standards in most
of the states expect teachers to teach
about data visualizations, graphs, charts,
timelines, and maps. Part of it is figuring
out the pain point: if you’'ve been able
to ignore data visualizations your whole
career, how do | convince you? Well, they
are in the standards. Let’s see if we can
figure out a way for you to teach them.
A lot of what we do is participatory
design. We put multiple visualization
tools in front of teachers, and ask them
to play with them and give us feedback.
Usually, our tools are just in the mix, it’s
not the only thing they’re looking at. And
then we’ll get from teachers, “Oh, | see
what you're trying to do here. Yeah. That
really sucks. Let me tell you how you can
make it good” and it’s great. That's terrific
feedback for our process, but now we’re
at a point where teachers are saying “Your
tool is the best one of these here. | really
like your tool,” but nobody’s adopting
yet. So, we're now to the point where the
tool meets their criteria, at least among
the ones that they’ll tell us. Are there
tacit criteria? Are there other things
going on? That’s where the research is
going now, to try to understand the other
factors that influence adoption of this
kind of technology. Our whole project is
about how we get to adoption in non-
STEM disciplines and social studies with
explicitly computing activities. That’s a
hard one.

That's where the research is going now, to
try to understand the other factors
that influence adoption of this kind of
technology. Our whole project is about
how we get to adoption in non-STEM
disciplines and social studies with explicitly
computing activities. That's a hard one.

Q: YOU’'VE HAD EXPERIENCE BOTH TRY-
ING TO GET POSTSECONDARY EDUCA-
TORS TO ADOPT YOUR THINGS AND ALSO
TRYING TO GET K-12 EDUCATORS TO
ADOPT THINGS. WHAT ARE THE DIFFER-
ENCES BETWEEN THOSE GROUPS?

MG: One of the factors that | mostly know
from research on the K-12 side, which I've
never heard as being a major factor of

the Higher Ed side, is the context in which
the practicing teacher is enmeshed. One

of the great findings of Anne Leftwich is
that pre-service teacher education doesn’t
have a lot of impact on practice, because
the biggest factor on practice is what the
teachers in their school do [10]. When
you're a teacher doing student teaching,
you're going to do what your model teacher
is doing, not what you were taught. Then
when you go get a job, you're going to do
what’s accepted there. Some of it is: what
technology do you have available? What are
the standards they’ve decided to focus on?
What are the tests that the students in that
school take? Context is everything in terms
of teacher practice. | don’'t know if that’s

as true at the Higher Ed level. For the most
part, Higher Ed teachers don’t see each
other teach. So, it’s not clear that we know a
lot about the context. It certainly influences
us in different ways.

Q: WHAT DIFFERENCES DO YOU SEE
WITHIN HIGHER ED? ARE THERE IN-
STITUTIONAL OR PROGRAMMATIC
DIFFERENCES THAT HAVE INFLUENCED
YOUR STRATEGIES FOR ENCOURAGING
ADOPTION?

MG: At Georgia Tech, | was in a College of
Computing and the way that they thought
about CS education is very different from

how they think about CS educationina
College of Engineering. It’s going to sound
like a tautology, but a College of Engineering
produces engineers—practicing professional
engineers. They offer almost no service
classes. At Georgia Tech, we taught all of
the non-majors Computer Science. We had
degree programs like a BS in Computational
Media and the Human-Centered Computing
PhD. We had this strong sense that com-
puting is for lots of people, not just future
engineers. When Computer Scienceisina
College of Engineering, it’s about producing
engineers. So today, minors and non-majors
can almost never get into the classes. That is
a big difference because of what you value,
what you're trying to achieve.

MediaComp has been successful where
it met a need. | visited UMass Amherst a
couple of years ago. | met with some of their
CS faculty who teach with the IDE that |
created for MediaComp, and that was really
exciting. They don’t teach MediaComp; they
just thought it was a particularly nice Python
editor. There’s a lot of AP CS teachers who
teach with the picture lab that Barbara cre-
ated because it’s there and kids like it. Has it
changed their perception about who should
do computing or that we should be doing
computing for creative expression? | doubt
it. | think for some of these things that it’s like
paradigm changes. | don’t know how often
you convince people to change identities.

Q: YOU MENTIONED THAT SOME PEOPLE
USE YOUR EDITOR OR EBOOKS BECAUSE
THEY NEED A TEXTBOOK AND IT’S FREE.
HOW DO YOU SEE ADAPTABILITY AND
FACULTY’S ABILITY TO USE A PIECE OF
YOUR DIFFERENT INNOVATIONS?

MG: If you're using JES because it’s a fun
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Python IDE, do you maybe throw in some
media because it’s already built in and the
help is right there? It’s already available [7].
Does it become a slippery slope to try to
encourage other kinds of behavior? One

of the things that Barbara is trying to do

is encourage Peer Instruction by taking
multiple choice questions out of the ebook
that people have already been using. That’s
such a lovely, slippery slope: you're already
using the ebook, so why don’t you do it as
a Peer Instruction question?

I'm a big fan of behavioral economics.
Removing barriers to innovation is easier than
convincing people to adopt an innovation.
That’'s what we’re trying to do with “Why
don't you try the IDE? Why don’t you try the
ebook? Okay. It's pretty cool, huh? Well, by
the way, you can now also do this other stuff.”

This is purely a hypothesis, but there
are some innovations which are generative
in that way. They create these oppor-
tunities to change mindsets, to change
practices. That’s sort of another form of
these questions you're asking: what are
the characteristics of an innovation that
might lead to greater changes in practices,
attitudes, and other innovations later?

Q: WHAT IS SUCCESSFUL PROPAGATION?
HOW DO YOU KNOW IF YOU'VE ACHIEVED IT?
MG: My definition has definitely changed
over the years. When | was doing
MediaComp, one of the things | realized
was that writing the books was key. |
talked to so many people who said, “Well,

| saw your book and so | decided to try it.”
Things like lesson plans, things like worked
examples, these matter if you want people
to adopt. Books really matter. | remember
at one point when my publisher contacted
me and said my book was currently the
third most adopted Python textbook in
the country, that was really exciting for
me. But now, especially with the work that
I'm doing with K-12, I've got a half dozen
tools for doing data visualization in a social
studies class; if | can get a whole bunch of
social studies classes to adopt one of them,
| would consider that to be a huge win.

Q: WHAT ADVICE DO YOU HAVE FOR
SOMEBODY JUST GETTING STARTED?
MG: | don’t know whether | learned this
from the Increase the Impact work or

I'm a big fan of behavioral economics.
Removing barriers to innovation is
easier than convincing people to adopt an
innovation. That's what we're trying
to do with "Why don't you try the IDE?
Why don't you try the ebook? Okay.
It's pretty cool, huh? Well, by the way,
you can now also do this other stuff.”

from Betsy DiSalvo’s participatory design
work [4], but the big thing is that you
first have to figure out who’s going to
want this. Most design does not work
like the iPhone, you know, “I've thought
of a need that nobody else had. People
don’t even know they have this need yet.”
That just doesn’t happen often. People
are rational beings and their classes are
packed. They believe that what they're
teaching is important. You want to
convince them that your thing is more
important. That’s hard to do. Show them
that you can solve their problems so they
can teach something more successfully
or that they can teach something that
they haven’t been able to do previously.
Or you can save them time. | think that is
much more powerful.
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