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Substitution 
Tech acts as a direct tool substitute, 

with no functional change

Augmentation 
Tech acts as a direct tool substitute, 

with functional improvement

Modification 
Tech allows for significant task redesign

Redefinition 
Tech allows for the creation of new tasks, 

previously inconceivable

En
ha

nc
em

en
t

Transform
ation

Ruben R. Puentedura, As We May Teach: Educational Technology, From Theory Into Practice. (2009)

https://itunes.apple.com/us/itunes-u/as-we-may-teach-educational/id380294705?mt=10


Pace of Innovation

Patient Safety

Deeper Learning
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Quality Models 
(e.g. Deming 1982)

Error Models 
(e.g. Reason 1990)
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Ruben R. Puentedura, “Technology In Education: The First 200,000 Years” The NMC Perspective Series: Ideas that Matter. NMC Summer Conference, 2012.

http://www.youtube.com/watch?v=NemBarqD6qA


The EdTech Quintet – Associated Practices

Social Communication, Collaboration, Sharing

Mobility Anytime, Anyplace Learning and Creation

Visualization Making Abstract Concepts Tangible

Storytelling Knowledge Integration and Transmission

Gaming Feedback Loops and Formative Assessment



Dimensions of Computational Thinking

Computational Concepts Computational Practices Computational Perspectives

Sequences Being Incremental and Iterative Expressing

Loops Testing and Debugging Connecting

Events Reusing and Remixing Questioning

Parallelism Abstracting and Modularizing

Conditionals

Operators

Data

Brennan, Karen, and Mitchel Resnick. "New frameworks for studying and assessing the development of computational thinking." Proceedings of the 2012 annual meeting of the American Educational Research Association, Vancouver, Canada. 2012.

http://scratched.gse.harvard.edu/ct/files/AERA2012.pdf


Computational Thinking in Math and Science

Data Practices Modeling & Simulation 
Practices

Computational Problem 
Solving Practices System Thinking Practices

Collecting Data Using Computational Models to 
Understand a Concept

Preparing Problems for 
Computational Solutions

Investigating a Complex System 
as a Whole

Creating Data Using Computational Models to 
Find and Test Solutions Programming Understanding the Relationships 

within a System

Manipulating Data Assessing Computational Models Choosing Effective Computational 
Tools Thinking in Levels

Analyzing Data Designing Computational Models Assessing Different Approaches/
Solutions to a Problem

Communicating Information about 
a System

Visualizing Data Constructing Computational 
Models

Developing Modular 
Computational Solutions

Defining Systems and Managing 
Complexity

Creating Computational 
Abstractions

Troubleshooting and Debugging

Weintrop, David, et al. "Defining computational thinking for mathematics and science classrooms." Journal of Science Education and Technology 25.1 (2016): 127-147.

http://files.eric.ed.gov/fulltext/EJ1010753.pdf
https://pdfs.semanticscholar.org/5703/617b9d9d40e90b6c8ffa21a52734d9822d60.pdf
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