Computational Thinking

Class Overview
web site: www.cs.vt.edu/~kafura/CS6604
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Origins

= Term first used by Seymour Papert
(1996) [snow 2012]

* “In both cases the computer used as a tool
effectively leads to a solution, but in neither
does the computational representation make
the mathematics more perspicuous. ... The goal
is to use computational thinking to forge ideas
that are at least as ‘explicative’ as the Euclid-
like constructions (and hopefully more so) but
more accessible and more powerful.”
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Recent popularization by
Jeannette Wing [wing 2006]

e “Computational thinking involves
solving problems, designing
systems, and understanding human
behavior, by drawing on the
concepts fundamental to computer
science. Computational thinking
includes a range of mental tools
that reflect the breadth of the field
of computer science.”

Computational Thinking
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Computational Thinking

It represents a universally applicable attitude and skill set everyone, not just
computer scientists, would be eager to learn and use.

omputational thinking
CEmlda on the power and

limits of computing
processes, whether they are exe-
cuted by a human or by a
machine. Computational
methods and models give us
the courage to solve prob-
lems and design systems that no one of us would
be capable of tackling alone. Computational think-
ing confronts the riddle of machine intelligence:
What can humans do better than computers? and
What can computers do better than humans? Most
fundamentally it addresses the question: Wha is
computable? Today, we know enly parts of the
answers to such questions.

Computarional thinking is a fundamental skill for
everyone, not just for compurer scientists. To read-
ing, writing, and arithmeic, we should add compu-
tational thinking to every child’s analytical ability.
Just as the printing press facilitated the spread of the
three Rs, whar is appropriately incestuous about this
vision is that computing and compurers facilitate the
spread of computational thinking.

Computational thinking involves solving prab-
lems, designing systems, and understanding human
hehavior, by drawing on the concepts fundamental

to computer science. Computational thinking
includes a range of mental toals thar reflect the
breadth of the field of computer science.

Having to solve a particular problem, we might
ask: How difficult is it to solve? and What's the best
way to solve it? Computer science rests on solid the-
oretical underpinnings to answer such questions pre-

cisely. Stating the difficulty of a problem accounts
for the underlying power of the machine—the com-
puting device that will run the solution. We must
consider the machine’s instruction set, its resource
constraints, and its operating environment.

In solving a problem efficiently, we might furcher
ask whether an approximate solution is good
enough, whether we can use randomization to our
advantage, and whether false positives or false nega-
tives are allowed. Computational thinking is refor-
mulating a seemingly difficult problem into one we
know how to solve, perhaps by reduction, embed-
ding, transformation, or simulation.

Computational thinking is thinking recursively. It
is parallel processing, It is interpreting code as data
and dara as code. It is type checking a5 the general-
ization of di ional analysis. It is recognizing
bath the virmues and the dangers of aliasing, or giv-
ing someane or something more than one name. It
is recognizing both the cost and power of indirect
addressing and procedure call. It is judging a pro-
gram not just for correctness and efficiency but for
aesthetics, and a system'’s design for simplicity and
elegance.

Computational thinking is using abstraction and
decomposition when attacking a large complex task
or designing a large complex system. It is separation

of concerns. It is choosing an appropriate representa-
tion for a problem or modeling the relevant aspects
of a problem to make it tractable. It is using invari-
ants to describe a systerrs behavior succinctly and
declaratively. It is having the confidence we can
safely use, modify, and influence a large complex
system without understanding its every derail. It is
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Purposes of Course

Understand what “computational thinking” means
e atauniversity level
e specifically in the VT context

Develop ideas

e on courses and curriculum elements that provide a means of
learning (some aspect of) computational thinking.

 about how to measure/assess the extent to which a student
has gained an ability to engage in computational thinking

You will not learn anything “new” about computing but
rather reflect on what you know and how you use that
knowledge creatively




Organization

= Topic areas:
e Model (What is computational thinking?)
e Pedagogy (How can it be taught?)
e Assessment (How can it be measured?)

= Requirements
e Active participation in discussions
* Presentation
* Term paper
O one section for each topic area

O Intermediate due dates (TBA) for first two sections
O Final version due on December 17, 2013
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Materials

= www.cs.vt.edu/~kafura/CS6604

| {1 CsB604 - Computational Thinking |T|

Oremmizer:  Dr Dennis Kot Computational Thinking
Phone: (540) 231 - 5568 Computer Science 6604 [T ] 1 111
Email: kafura@csvt.edn Fall, 2013 Vlrg-nlaTEdl

Office Hours: By arrangement.

[Home] [Calendar] [Svilabus] [Papers] [Policies]
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Discussion

Who are you?

Why are you interested in computational
thinking?

What do you think computational thinking
iS?

What experiences have you had related to
computational thinking?
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Abstraction

“Thinking like a computer scientist means more
than being able to program a computer. It
requires thinking at multiple levels of
abstraction.” (wing 2006]

“Mental” vs. “metal” [wing 2008

 “And so the nuts and bolts in computational
thinking are defining abstractions, working with
multiple layers of abstraction and understanding
the relationships among the different layers.”

 “We operate by mechanizing our abstractions,
abstraction layers, and their relationships.”
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Abstraction

“The abstraction process—deciding what details we
need to highlight and what details we can ignore—
underlies computational thinking.” (wing 2008]

Computational thinking abstractions:
e Extremely general: symbolic not just numeric
 Have to worry about edge cases and failures
e Defining the ‘right” abstraction is critical

 Helps manage complexity
O By reducing aspects represented
O By layering to
- Separate concerns
— Allow reasoning at different levels of abstraction




Reflections

Is abstraction the defining mode of computational
thinking?
e |f so, what do we make of abstractions in other areas?
O statistical models
O paintings
O maps
e |f not, what are the others?

e |sit the “automatic processing” that distinguishes
computational thinking abstractions?

Is a focus on information (processed automatically)
more fundamental?

Is symbolic more basic than information?
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Starting a framework

Computational thinking is the cognitive ability
necessary to engage in creative work using the
automatable manipulation of information.

e Cognitive —a fundamental mental ability, not just skill in
tool use

e Information+automation — what distinguishes
computational thinking from other ways of thinking
The ability is derived from sufficient mastery of a
conceptual framework. The conceptual framework
includes:

e abstraction
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