
Trail, created by three student teachers at Carleton College. Many 
others flopped. Their use of a drill-and-practice mechanic to teach 
content made them look an awful lot like multiple-choice tests, 
except that they used a cartoon monster to gobble up the right an-
swer. This brittle sort of fun became known as “chocolate-covered 
broccoli”—the Teaching Machine, with shinier levers. 

“Learning by doing has more conditions for success than teach-
ing by telling,” says Wirth professor in learning technologies 
Christopher Dede. This tenet has guided his decades of work in 
developing virtual and augmented realities for science students. 
His recent collaborator, associate professor of education Tina 
Grotzer, took more time to warm to simulations. With her back-
ground in cognitive science, Grotzer eventually came to appreci-
ate the pedagogical value of virtual worlds, due to her particular 
interest in how learners reason about complex causality.

Environmental science poses a particular challenge for science 
teachers, she explains. Demonstrating a chemical reaction or phys-
ics principle right before students’ eyes is eminently doable: a bea-
ker fizzes; a catapult flings a tennis ball. Cause and effect occur 
within a graspable timeframe. Students can complete a hands-on 
lab activity from start to finish within a single class period.

Not so in environmental science, in which developments unfold 
on a much longer scale, exacerbating the mind’s natural tendency 
to focus on events rather than processes. It’s hard for students to 
track complex causality when it’s “bottom-up, and distributed,” 

says Grotzer. Nonobvious variables further frustrate the efforts of 
children (and many adults) to understand systems such as food 
webs and global weather patterns.

“A lot of students have been taught to see science as facts 
rather than a process of making meaning,” explains Dede. He and 
Grotzer designed EcoMUVE (Multi-User Virtual Environment) 
as a simulation with a mystery at its heart. Students explore the 
environment around a pond at many different time points. They 
use a virtual net to trawl for organisms in the water, and other 
tools to record data about oxygen levels and temperature. They 
can plot changes over time on a graph, and use their avatar to 
speak with the characters strolling in the area. One day in late 
summer, pixelated carcasses turn up on the shore: a fish kill. The 
students must investigate what went wrong, proposing hypoth-
eses and gathering evidence.

Called upon to put their knowledge to use, learners enter a dif-
ferent mindset than is usual in the classroom. Unlike in an exam, 
says Grotzer, “They don’t know what information to bring to bear 
to the experience. They’re not cued.”

“For me, it’s about getting them to wear the shoes of a scientist 
to see how they fit,” says Dede. “The primary barrier is that they 
don’t think they can do it.” 

He doesn’t characterize his virtual environments as games, 
though they bear a family resemblance. They often have objec-
tives (find out why the whale has washed up on the beach; trace an 

“Coding for All”
With s�chools� mor�e eager� to welcome coding in the class-
room, some advocates now push to make it a public-education 
priority. In her 2014 book Connected Code: Why Children Need to Learn 
Programming, Yasmin Kafai, Ed.D. ’93, of the University of Penn-
sylvania, urges schools add on to the traditional “3 Rs” of read-
ing, writing, and arithmetic: the aRts and pRogramming. That 
the public perceives computers as both essential, and essentially 
opaque, is a form of illiteracy. Jane Margolis, Ed.D. ’90, senior re-
searcher at UCLA’s Graduate School of Education and Informa-
tion Studies, argues that this “learned helplessness” has larger 
implications for equality.

Margolis’s book Stuck in the Shallow End continues to be one 
of the few lengthy examinations of how an early section of the 
pipeline—public K-12 education—creates racial disparities in 
the field of computer science. Skeptics have dismissed the “cod-
ing for all” movement as a faddish boutique reform, myopically 
market-driven even as it claims to advance children’s problem-
solving skills. But as technological innovations drive virtually 
every industry and shape social spaces online, advocates like 
Margolis view computational participation as central to the 
health of democracy. “Computer science can help interrupt the 
cycle of inequality that has determined who has access to this 
type of high-status knowledge in our schools,” Margolis and Ka-
fai wrote in The Washington Post last October. “Students who have 
this knowledge have a jump-start in access to these careers, and 
they have insight into the nature of innovation that is changing 
how we communicate, learn, recreate, and conduct democracy.”

Despite the free programming resources available online for 
learners who know where to look, cultural barriers remain. Per-
ceptions abetted by the hagiography of figures like Mark Zuck-
erberg ’06 and Bill Gates ’77, LL.D. ’07, inhibit wider participa-
tion: that the path to prowess swerves away from institutions 
like school, and that some individuals naturally gravitate to 
computer science because they are innately talented and freak-
ishly autodidactic. In reality, the typical boy genius has a great 
deal of what Margolis calls “preparatory privilege”—if not tech-
savvy parents and summer-camp enrichment, then usually a 
peer group logging on together after school.

Noel Kuriakos, a member of the online educators’ community 
ScratchEd, is a math and science teaching fellow at the tuition-
free Mother Caroline Academy, a majority black and Latina girls’ 
school in Boston. His experience in a community where many 
households still don’t have Internet access has taught him that 
extracurricular outlets won’t suffice: “This is where schools 
can play a huge, huge role, and make a big difference—in say-
ing, ‘Well, maybe not in your home, and maybe not in your social 
circle, but in school you can have access. You can do this.’”

Meanwhile, atop the structural issues that, in less affluent 
districts, impede learning in all subjects—underfunding, over-
crowding, teacher attrition—computer-science education suf-
fers from a special neglect affecting public schools across income 
ranges. Historically, it has been lumped in with home-economics 
class—“which, as you can imagine, makes it an attractive propo-
sition to many computer scientists,” Kafai observes wryly. Most 
states lack curricular standards or a teacher-certification path-
way in the subject. As a result, Margolis says, schools end up 
“tech-rich, but curriculum-poor.” 
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epidemic through a nineteenth-century 
town), but because that objective is dis-
covery, the activities have a noncompeti-
tive, exploratory bent. Calling it a “simu-
lation” rather than a “game” also lowers 
schools’ resistance to trying out the new 
activity. After three decades of experi-
ence, Dede firmly believes that “psycho-
logical and cultural barriers seem to slow education down more 
than every other field.”

Even so, “We’ve loosened up about games,” says Eric Klopfer, 
director of MIT’s Education Arcade, who has also worked with 
Dede on augmented realities. Klopfer recalls a time when teachers 
would tell him, “‘Just don’t use the word game in my school, be-
cause the principal will kick it right out.’ And now, in fact, there 
are people who are saying just the opposite: ‘Ooh, is that a game? 
I’d love to try that out in my school.’”

With the founding of hubs like Wisconsin’s Games Learning 
Society (GLS) and MIT’s Games to Teach Initiative (the forerun-
ner to the Education Arcade) in the early 2000s, the ventures of 
the more risk-tolerant academic world have fed the larger indus-
try new pedagogical models, game projects, and the occasional 
young talent. In turn, without investing in the educational mar-
ket themselves, the biggest companies support the diversity of the 
larger habitat. Zynga (behind FarmVille and Words with Friends) op-

erates co.lab, offering office space, tools, and mentoring to young 
ed-tech companies, including some that germinated as university 
projects. Electronic Arts (SimCity, Madden NFL) funds the non-
profit GlassLab, which develops its own games and aspires to be a 
resource for commercial developers who need assessment metrics 
and data to make their projects more educationally sound.

“Have you been on iTunes lately?” says Rich Halverson. “Good 
God, the world of games and games for learning is at an unprec-
edented glut!” But, he notes, demand has lagged. Education games 
remain marginal in schools: a special treat for kids who finish 
their work, or a remedial intervention for those who can’t. Hal-
verson believes that this underuse of a powerful resource further 
widens the digital divide already disadvantaging poor and minor-
ity students. Families who know of and can afford these enrich-
ment channels will seek them out. 

Halverson cites the linguist James Paul Gee, whose 2003 book 
What Video Games Have to Teach Us About Learning and Literacy claimed 
that Pokemon could be considered “perhaps the best literacy cur-
riculum ever conceived.” Its trading cards enabled millions of kids to 
master a complex taxonomy of imaginary creatures, all with special-
ized traits. Compare the average middle-school classroom to what 
Halverson calls the “learning space” within games themselves, and 
in the culture surrounding games—for example, the online game 
Minecraft and its array of blueprints, discussion boards, and how-to 
videos. Which provides a more authentic model for how to pursue 
work and personal interests in the twenty-first century?

“Think about how you do your work,” Halverson instructs. 
“You’re probably sitting in front of a computer right now. You’ve 
got a big project you’re trying to come up with. You’re on the 
phone talking to some dude from Wisconsin, taking notes. You 
probably have something on your wall with all the sources you’re 
going to put together for the article. There are online resources 
and how-to guides for how to write. You’re putting all of this 
stuff together. You’ve created your own learning environment.”

 
From Playing to Programming
“games� are perhaps the first designed interactive systems our 
species invented,” writes Eric Zimmerman, a games designer and 
professor at New York University. “Games like Chess, Go, and 
Parcheesi are much like digital computers, machines for creat-
ing and storing numerical states. In this sense, computers didn’t 
create games; games created computers.” In his essay “Manifesto 
for the Ludic Century,” Zimmerman argues that the rise of com-
puters parallels the resurgent cultural interest in games. Future 
generations will understand their world in terms of games and 
systems, and will respond to it as players and designers—navigat-
ing, manipulating, and improving upon them.

Yasmin Kafai, Ed.D. ’93, an education professor at University 
of Pennsylvania, first explored how game creation and computer 
programming could be brought together in the classroom while 

One day in late summer, pixelated  
carcasses turn up on the shore: a fish kill. 
Students investigate what went wrong.

Margolis has helped write a high-school curriculum, “Ex-
ploring Computer Science” (ECS), that intends to expose stu-
dents to a broad range of topics, including HTML website de-
sign, data analysis, robotics, and programming through Scratch. 
This will be paired with a professional-development course for 
teachers, who will learn inquiry-based pedagogy along with the 
content itself. ECS has received the backing of Code.org (the 
nonprofit behind the nationwide awareness event, Hour of 
Code), and has been adopted by districts in Los Angeles, Spo-
kane, Chicago, and New York City, among others.

Now, Kafai is collaborating with Margolis to create an elec-
tronic textiles unit for ECS. By bringing together the crafts of 
circuitry design and sewing, they aim to appeal to girls by cast-
ing code as malleable, and engineering as an aesthetic pursuit. 
Because curriculum design in computer science remains largely 
uncharted territory, Kafai believes that researchers should keep 
the options open. “For computation, you need different materi-
als and activities—it can’t all be robotics, it can’t all be game 
design. We need a whole array, to tease out what activities are 
good for which concepts, and which age levels. Because hon-
estly, we don’t really have anything right now.”

Assistant professor of education Karen Brennan proposes 
that integrating computational thinking into classes could fol-
low the language arts model, in which a class is devoted to the 
craft of manipulating words, but text, of course, is used in the 
service of other subject areas as well. With code too, “there’s 
specialization, but there’s also a role for it in everything you’re 
trying to do,” she explains. Though Brennan cautions that 
“Scratch doesn’t solve every problem,” she also adds, “If you 
start with the learning, you will not be led astray.”
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