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Abstract

As a means of inquiry and expression, computing has become a liter-
acy across many professional paths. This paper casts a vision for how a
small, STEM-focused school supports this role of computing-as-literacy.
We share several examples, both future visions and past experiences.
We hope to prompt and join discussions that further the reach, use, and
enjoyment of computing.

1 Computing beyond CS

More and more, computing is contributing to pursuits beyond software — in
fact, beyond CS itself. Computing offers a means of inquiry toward under-
standing and insight. Thought experiments and live-tunable simulations, for
example, offer rich environments in which to build understanding of coun-
terintuitive phenomena (such as special relativity) or surprising interactions
(e.g., climate-equilibrium simulations). Beyond inquiry, computing offers an
expressive medium for experiences, perhaps tailored to an individual style or a
group’s priorities. Our shared-media era leaves no doubt: Computing expands
humans’ aesthetic range. Our goal is that this be accessible to everyone.
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2 Computing As Literacy

Computing’s ability to advance inquiry and expand expression surpasses older
roles as a valuable-specialty and liberal-art: Computing is emerging as a pro-
fessional literacy. In fact, as a personal literacy, computing is well-established
— at times, perhaps, too-well-established!

We posit that computing’s role as a professional literacy will deepen in
years ahead. This work shares two curriculum-development paths by which
our small, STEM-focused program embraces this trend:

e discipline-specific bridges using computing to scaffold student interac-
tions and promote insight in physics, climate science, and mathematics.

e we also share tools for building computing context and community, de-
signed to support an undergraduate-universal computing curriculum.

Both efforts are in process. They reflect our community’s support for Computing-
As-Literacy among all students and all fields of study, building on deep, cross-
disciplinary foundations, e.g., in biology[6] and engineering[4|. The possibili-
ties, it seems, grow faster than we can instantiate them. We look forward to
teaming with other institutions on this path!

3 Disciplinary Bridge: Paradoxical Physics

Although physics is an inescapable part of the human experience, it is not
intuitive as an intellectual endeavor. First-term students at our institution
are “thrown into the deep end” with a half-semester special relativity class.
Students solve problems and untangle paradoxes. In one classic problem a
spaceship is traveling from the sun to another star[3]. But along the trip, our
Sun explodes!

This scenario raises a large family of questions about the relative times
at which events take place. When is the explosion perceived? When is the
second star reached? Formulas yield “answers,” but formulas contribute less
to conceptual understanding — understanding our physicists want to nurture —
of concepts like time dilation or length contraction[3]. Computing provides a
path for students to build those sophisticated, interwoven intuitions.

Those intuitions are visual, dynamic, and geometric. Whether imagin-
ing force vectors or watching momentum-conserving collisions, physics educa-
tion benefits from more than the calculations computing offers. To illustrate
this, we have built a simulation of the sun-exploding family of special rel-
ativity problems. (This and all of this paper’s interactions are available at
myappkanalu.firebaseapp.com).

When run, the student notices that moving clocks run slower than station-
ary ones (an example of time dilation) and that the distance between moving
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Figure 1: A demonstration of relativity. The left image depicts a simulation
in the Sun-and-star’s rest frame; both are at rest, and the clock simply travels
from the Sun to the star. The right image depicts the same scenario, but in
the clock’s rest frame; from its point of view, the Sun and star are both moving
to the left!

objects is smaller than their distances when not moving (an example of length
contraction). Other important concepts, like “leading clocks lag” or the Pa-
parazzi Principle, emerge from this single simulation. And, as physicists like
to insist, you’ll notice that nothing moves faster than light!

4 Data-Driven Physics

Physical insight and computing share more than simulations. The data-analysis
branch of physics depends on computing to create insights — in fact, the com-
puting required is accessible, and adds to student understanding of both CS
and physics.

In one such example, students are provided a CERN csv file with 99,999
rows describing distinct particle-collision runs in the Large Hadron Collider[5].
This size is a sweet spot: too much data to process by hand, but a student-
with-laptop will succeed! The workflow starts with experiential understanding:
making sense of the features across the file’s columns using concepts learned
in Special Relativity. From there, the data is transformed into a list of masses;
these, in turn, are graphed as a histogram. The second half of the challenge
incorporates disciplinary insight: students use that histogram to determine the
mass of an otherwise-unseen particle created — and destroyed — before it reaches
the collision-detector.

Thus, students take data and make it meaningful to them en route to



Run Event Typet E1 pxt oy Pzt
0 146436 90830792 G 1917120 3817130 9.043230 -16.46730

1 146435 90862225 G 1204350 5125790 -3.983690 -11.19730

2 146435 00644850 G 1239090 0849742 9401100  B040IS
3 146436 06784 G 1781320 1959590 2805310 1748110
4 146436 0063660 G 795664 7097000 1316460 334613
99995 147926 111123465 G 712024 0753900 2921130  6.44866
90096 147926 111160849 G 1426330 6672270 9719310 802777 1 1y
99997 147926 111198433 G 1546470 5638970 1198720 1434950
90998 147026 111267041 G 1034210 6399880 0074015 -8.12301

Figure 2: The physics assignment makes use of CERN’s open source data to
analyze files. Using equations from Special Relativity and the conservation
of energy and momentum, students find masses for each collision in the file.
Mass-histogram abnormalities indicate particles that decayed from a “rare” par-
ticle: in the assignment, students find this “mystery” particle’s mass. Python’s
matplotlib and pandas are crucial libraries.

analysis and understanding. To cope with a task that has many steps and lots of
data, students break down a problem into “helper functions,” and mentally, into
steps of a repeatable workflow. Such an approach supports not only physics,
but real-world scientific and data-handling processes across many fields.

5 Disciplinary Bridge: Mathematics Experienced then
Expressed

Like physics, mathematics is a universal requirement at HMC. Many students
love math; others disagree; some are in between. Common to all groups is that
humans first do, then distill. Put another way, students only meaningfully
express mathematics after they have meaningfully experienced mathematics.
Calculations are useful, but computationally-empowered experiences are far
more useful for drawing out what mathematicians hope students will share!
Here, we show two such example-experiences: the German Tank Problem and
the Fenced Random Walk.

6 Teutonic Tanks

The German Tank Problem is a classic statistical thought-experiment. Ab-
stractly, it asks, “What’s the maximum?” from a discrete uniform distribution,






