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My Grand Vision for the Field

• Computational thinking will be a fundamental skill used 
by everyone in the world by the middle of the 21st

Century.

– Just like reading, writing, and arithmetic.
– Imagine every child knowing how to think like a computer 

scientist!

– Incestuous: Computing and computers will enable the spread of 
computational thinking.
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Computational Thinking

• C.T. enables what one human being cannot do alone
– For solving problems
– For designing systems
– For understanding the power and limits of human and 

machine intelligence
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The Two A’s of Computational Thinking

• Abstraction
– C.T. is operating in terms of multiple layers of abstraction 

simultaneously
– C.T. is defining the relationships the between layers

• Automation
– C.T. is thinking in terms of mechanizing the abstraction 

layers and their relationships
• Mechanization is due to precise and exacting notations and 

models

– There is some “machine” below (human or computer, virtual 
or physical)

– It gives us the ability and audacity to scale.



5Computational Thinking Jeannette M. Wing

Five More A’s to Computational Thinking

• Algorithms
• Algebras
• Axioms
• Assertions
• Artistic
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Examples of Computational Thinking
• How difficult is this problem and how best can I solve it?

– Theoretical computer science gives precise meaning to these and related 
questions and their answers.

• C.T. is thinking recursively.
• C.T. is reformulating a seemingly difficult problem into one which we know how to 

solve.
– Reduction, embedding, transformation, simulation

• C.T. is choosing an appropriate representation or modeling the relevant aspects of 
a problem to make it tractable.

• C.T. is interpreting code as data and data as code.
• C.T. is using abstraction and decomposition in tackling a large complex task.
• C.T. is judging a system’s design for its simplicity and elegance.
• C.T. is type checking, as a generalization of dimensional analysis.
• C.T. is prevention, detection, and recovery from worst-case scenarios through 

redundancy, damage containment, and error correction.
• C.T. is modularizing something in anticipation of multiple users and prefetching

and caching in anticipation of future use.
• C.T. is calling gridlock deadlock and avoiding race conditions when synchronizing 

meetings.
• C.T. is using the difficulty of solving hard AI problems to foil computing agents.
• C.T. is taking an approach to solving problems, designing systems, and 

understanding human behavior that draws on concepts fundamental to computer 
science.

Please tell me your favorite examples of computational thinking!
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Evidence of Computational Thinking’s Influence

• Computational thinking, in particular, machine learning has 
revolutionized Statistics
– Statistics departments in the US are hiring computer scientists
– Schools of computer science in the US are starting or embracing 

existing Statistics departments
• Computational thinking is CMU’s current big bet in Biology

– Algorithms and data structures, computational abstractions and 
methods will inform biology.

• Computational thinking in other disciplines
– Game Theory

• CT is influencing Economics
– Electronic marketplaces, multi-agent systems, security, and networking

– Nanocomputing
• CT is influencing Chemistry

– Molecular-scale computing based on reconfigurable fabric makes the chemistry 
easier.

– Quantum computing
• CT is influencing Physics
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Analogy

The boldness of my vision: Computational thinking is 
not just for other scientists, it’s for everyone.

• Ubiquitous computing was yesterday’s dream, today’s 
reality

• Computational thinking is today’s dream, tomorrow’s 
reality
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Computational Thinking: What It Is and Is Not

• Conceptualizing, not programming
– Computer science is not just computer programming

• Fundamental, not rote skill
– A skill every human being needs to know to function in 

modern society
– Rote: mechanical.  Need to solve the AI Grand Challenge of 

making computers “think” like humans.  Save that for the 
second half of this century!

• A way that humans, not computers think
– Humans are clever and creative
– Computers are dull and boring
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Computational Thinking: What It Is and Is Not

• Complements and combines mathematical and engineering 
thinking
– C.T. draws on math as its foundations

• But we are constrained by the physics of the underlying machine

– C.T. draws on engineering since our systems interact with the real 
world

• But we can build virtual worlds unconstrained by physical reality

• Ideas, not artifacts
– It’s not just the software and hardware that touch our daily lives, it 

will be the computational concepts we use to approach living.

• It’s for everyone, everywhere
– C.T. will be a reality when it is so integral to human endeavors that 

it disappears as an explicit philosophy.
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Two Messages for the General Public

• Intellectually challenging and engaging scientific 
problems in computer science remain to be 
understood and solved.
– Limited only by our curiosity and creativity

• One can major in computer science and do anything.
– Just like English, political science, or mathematics
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Educational Implications

• Universities should start with their freshmen-level 
intro courses.
– Teach “Ways to Think Like a Computer Scientist” not just 

“Intro to <programming langage du jour>”

• Engage national and international organizations to 
reform curricula, in particular K-12.
– ACM, CSTA, CRA, etc.

• It needs to be a collective effort.
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What Computer Science Is and Is Not

IS
• Alan Newell’s view

– “Computer science is the study of all the phenomena arising from 
[computers].”

IS NOT
• Public misperception

– Computer science is computer programming. NOT!
– Computer science is computational thinking.

• Government funding agencies misperception
– Computer science is over.  The rest is engineering.  NOT!
– Computer science is driven by technology trends.

IS
• Computer science is limited only by our imagination!
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Grand Vision for Society

• Computational thinking will be a fundamental skill used 
by everyone in the world by the middle of the 21st

Century.

• Join us at Carnegie Mellon and the entire computing 
community toward making computational thinking 
commonplace.

To your fellow faculty, students, researchers, administrators,
teachers, parents, principals, school boards, teachers’ unions,

congressmen, policy makers, …

Spread the word!


