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My Vision 
 

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

 

J.M. Wing, “Computational Thinking,” CACM Viewpoint, March 2006, pp. 33-35. 
Paper off  http://www.cs.cmu.edu/~wing/  

J.M. Wing, “Computational Thinking, Ten Years Later, CACM blog, March 2016. 
http://cacm.acm.org/blogs/blog-cacm/201241-computational-thinking-10-years-later/fulltext 
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Definition 

 

Technical: Computational thinking is the thought processes involved 
in formulating a problem and expressing its solution(s) in such a way 
that a computer—human or machine—can effectively carry out. 

 

 

For Today: Computational thinking = computational concepts, 
methods, algorithms, languages, tools, and systems. 

 

Or if you prefer, CT = CS (exceptions will be noted). 
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X = Science and Engineering 

Context (2005-09) 

• Science 2020, Wing’s Computational Thinking CACM article, NSF Cyber-enabled 
Discovery and Innovation (CDI) Program, Jim Gray’s Fourth Paradigm 

 

Claims 

1. All science and engineering disciplines will rely on computing to make progress 

2. Computing will expedite progress in all science and engineering disciplines. 

3. Research in science and engineering leads to educational changes in those 
disciplines  

 

Evidence 

• For 1&2: NSF, NIH, DOE/OS, DARPA proposals 

• For 3: Curricula requirements for degree programs in non-CS majors 
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X = Arts, Humanities, Social Sciences, … 

2006:  AT CMU, there were 24 “Computational X” courses, degree programs, or 
departments, where X came from every single school/college on campus.  Since 
then the Computational Biology Department was established as a department in 
the School of Computer Science. 

 

Today: Data Science (which overlaps with Computational Thinking) at universities 

• Core: computer science, statistics, and operations research (optimization) 

• Applications: All fields of study 

• Evidence: Berkeley (DS+CS), Columbia (DSI), MIT (IDSS), Stanford, …  have 
university-wide institutes, degree programs, courses 

 

Future: 

• Data is not going away.  Volume, velocity, variety, variability, veracity of data 
will continue to grow due to technology for collecting and generating data. 

• All fields of study have data and will rely on computing to discover new 
concepts, patterns, and relationships.  Computing will transform the very 
conduct of these fields. 
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Computational Thinking at Carnegie Mellon (2006) 

• Computational and applied 
mathematics 

• Computational biology 
• Computational chemistry 
• Computational design 
• Computational economics 
• Computational finance 
• Computational linguistics 
• Computational mechanics 
• Computational neuroscience 
• Computational photography 
• Computational physics 
• Computational and statistical 

learning  
 

• Algorithms, combinatorics, and optimization 
(joint between CS, math, business) 

• Computation, organizations, and society  
• Computer-aided language learning (CS and 

modern languages) 
• Computer music 
• Electrical and computer engineering 
• Electronic commerce (CS and business) 
• Entertainment technology (CS and drama) 
• Human-computer interaction (CS, design, and 

psychology) 
• Language technologies (CS and linguistics) 
• Logic and computation (CS and philosophy) 
• Pure and applied logic (CS, math, and 

philosophy) 
• Robotics (CS, electrical and computer 

engineering, and mechanical engineering) 
 
 



X = Professions and Sectors 

Professions: 

• Traditional jobs: Demand for computer scientists and IT professionals 
continues to outgrow supply 

• New Job Titles: Data Scientist, Applied Data Scientist 

 

Sectors 

• Medicine (personalized healthcare) 

• Law (LexisNexis) 

• Finance (high-frequency automated trading) 

• Manufacturing (robotics) 

• Industrial (jet engines as a service) 

• Pharmaceutical (personalized drugs) 

• Automotive (self-driving cars) 

• Education (MOOCs) 

• Retail (e-commerce) 

• Government (e-government) 

• … 
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Technology Disrupters and Trends 

Technology Categories 

• Data 

• Cloud 

• Devices: sensors, actuators, VR/AR, big displays 

• Mobility: phones, drones, people 

• Decentralization: crowdsourcing, social networks, uberization (shared economy), blockchain 

• End of Moore’s Law 

• “smarter” in silicon, biological computing, quantum computing 

 

Technology Areas 

• Machine learning (deep learning, reinforcement learning) 

• Artificial intelligence (related to ML) 

• speech, vision, NLP, personalized agents (Siri, Cortana, Google Now,  chatbots) 

• Search to Q&A, “knowledge” to decision-making, multi-media (text, video, maps) 

• at scale, fine-grained resolution, near real-time fidelity 

• Cybersecurity: sophistication and number of threats and attacks 

• Crypto made practical: homomorphic encryption, secure multi-party computation 

 

 

 

 

8 Computational Thinking Jeannette M. Wing 



Fundamental Difference 

The fundamental difference between Computer Science and 
every other discipline is software. 

 

Software is easy to create, change, copy, store, and 
disseminate.  It is unlike any other natural or engineered 
artifact. 

 

Systems we build in software are limited in design only by the 
limits of human creativity. 
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Thank you! 
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Computational Thinking 
in K-12 Education 



President Obama 2016 State of the Union Address 

 

 

 

 

 

 

 

"In the coming years, we should build on that progress, by 
providing pre-K for all, offering every student the hands-on 
computer science and math classes that make them job-
ready on day one.“ [Obama, January 12, 2016] 



US Goal: Give Access to Computer 
Science to Every High School Student 

Chicago: HS graduation 
requirement by 2018. 

Washington State: K-12 CS 
standards, teacher support 

San Francisco: pre-K to HS, 
mandatory through 8th grade. 

New York City: CS for all 
within 10 years. 



UK: CT is Required at Each K-12 Level 



Asia: China, Korea, Japan, Singapore, … 

China 

Korea Japan 



Computational Thinking, International 

 

 


