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1. Frameworks



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
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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
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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
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Class Homework

WorldSchool Home

Learning Environments

Contextual Search/Augmented Reality 
Sensors/Recorders 

Mobile Tools 
Cloud Resources

The Lively SketchbookThe Curiosity Amplifier

Ruben R. Puentedura, “The Lively Sketchbook”. Hippasus Blog. (2010)
John Seely Brown. “A New Culture of Learning”. NMC Summer Conference, Closing Keynote. (2010)

M
ob

ilit
y

http://hippasus.com/blog/archives/43
https://www.youtube.com/watch?v=B4FPH-Oo1iM
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Image
Assembly

Sequential
Art

Moving
Image

Interactive
Media

Interactive
Fiction

5-Card Nancy Comic Life Premiere Pachyderm Inform 7

Narrative sources;
Narrative constraints

Pictorial vocabulary;
Narrative transitions;

Text/image integration
CDS Seven Elements;
Montage structures

Narrative structures;
Narrative flows Ludic elements

Infinite Canvas

Prezi
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Formal Definition of Game (Salen & Zimmerman)

“A game is a system in which players 
engage in an artificial conflict, defined by 
rules, that results in a quantifiable 
outcome.”

Katie Salen and Eric Zimmerman. Rules of Play: Game Design Fundamentals. The MIT Press, 2003.

G
am

in
g

https://mitpress.mit.edu/books/rules-play


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



The Value of Shared Practices
• Augmented Note Taking and Annotation 

• Visualization Methods: 

• 5 Primary Domains: Space, Time, Networks, Text, Number 

• Simple Blogging 

• Simple Digital Storytelling Video 

• Flipped Classroom: 

• Materials Creation 

• Peer Discussion/Instruction Methods 

• Simple Interactive Fiction 

• LMS Practices



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

http://ocw.mit.edu/courses/sloan-school-of-management/15-988-system-dynamics-self-study-fall-1998-spring-1999/
https://www.youtube.com/watch?v=qlRM1JlxfkU


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

https://itunes.apple.com/us/app/transport-tycoon/id634013256?mt=8


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

Diego Lieban & Zsolt Lavicza, “Geometric modelling inspired by Da Vinci: shaping and adding movement using technology and physical resources”. 10th Congress of European Research in Mathematics Education. (2017)

https://keynote.conference-services.net/resources/444/5118/pdf/CERME10_0441.pdf
https://itunes.apple.com/us/app/stella-modeler/id715189945?mt=8


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

https://itunes.apple.com/us/app/imovie/id377298193?mt=8


Kristen Kereluik, Punya Mishra, Chris Fahnoe, and Laura Terry, “What Knowledge Is of Most Worth: Teacher Knowledge for 21st Century Learning”. Journal of Digital Learning in Teacher Education (29) 4 (2013)

http://files.eric.ed.gov/fulltext/EJ1010753.pdf
http://files.eric.ed.gov/fulltext/EJ1010753.pdf


Model
Apply 

Quantitative 
Reasoning

Engage in 
Argument from 

Evidence

Engage in 
Scientific Inquiry 
and Experimental 

Design

Analyze and 
Evaluate Data

Appreciate and 
Apply the 

Interdisciplinary 
Nature of Science

Evolution

Information Flow

Structure and 
Function

Pathways and 
Transformations of 
Matter and Energy

Systems

Concept

Competency

Measuring College Learning Project + Resource Center - Online at: http://highered.ssrc.org/projects/measuring-college-learning-project/

http://highered.ssrc.org/projects/measuring-college-learning-project/


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


Defining a STEM Framework Using SAMR/ETQ: 
Three Questions

1. What are the ways of knowing in science, math, and technology?  
• Use SAMR/ETQ to frame and support epistemologically robust experiences. 

2. What can a child do now that they could not do without a modern approach to STEM? 
• Use SAMR/ETQ to design A- to R-level experiences that allow children to do what 

they otherwise could not. 

3. What are the key sense-making narratives that select and define linkages between the 
components of STEM and their respective narratives? 
• Use SAMR/ETQ to clarify STEM narratives, and to scaffold and define integration 

processes.



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

https://www.youtube.com/watch?v=4XpIJhydQvU


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

https://itunes.apple.com/us/app/hopscotch-hour-code-edition!/id617098629?mt=8
https://itunes.apple.com/us/app/hopscotch-hour-code-edition!/id617098629?mt=8


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

Diego Lieban & Zsolt Lavicza, “Geometric modelling inspired by Da Vinci: shaping and adding movement using technology and physical resources”. 10th Congress of European Research in Mathematics Education. (2017)

https://keynote.conference-services.net/resources/444/5118/pdf/CERME10_0441.pdf
https://itunes.apple.com/us/app/pythonista/id528579881?mt=8


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

https://itunes.apple.com/us/app/hangouts/id643496868?mt=8
https://itunes.apple.com/us/app/keynote/id361285480?mt=8


2. Mathematics



mathematics in society and in extra-mathematical domains, the specific nature and
characteristics of mathematics as a discipline compared and contrasted with other
scientific and scholarly disciplines, and the historical development of mathematics
in society and culture.

Soon after, in 2000, a Danish government agency and the Danish Ministry of
Education jointly established a task force to undertake a project to analyse the state
of affairs concerning the teaching and learning of mathematics at all levels of the
Danish education system, to identify major problems and challenges within this
system, especially regarding progression of teaching and learning and the transition
between the main sections of the system, and to propose ways to counteract, and
possibly solve, the problems thus identified. I was appointed director of the project
with Tomas Højgaard Jensen serving as its academic secretary. The project became
known as the KOM project (KOM ¼ Kompetencer og matematiklæring, in Danish,
which means “Competencies and the learning of mathematics”), because the main
theoretical tool adopted by the task force to analyse mathematics education in
Denmark was the set of eight mathematical competencies, and the three kinds of
overview and judgement, introduced above. More specifically, the actual presence
and role of the various competencies in mathematics teaching and learning at
different levels were analysed. This allowed for the detection of significant differ-
ences in the emphases placed on the individual competencies in different sections
of the education system. This in turn helped explain some of the observed problems
of transition between the sections as well as insufficient progression of teaching and
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The competency flower

Fig. 2.1 The ‘competency flower’ from the KOM project

2 Mathematical Competencies and PISA 41

Niss, Mogens, and Tomas Højgaard. "Competencies and mathematical learning." Ideas and inspiration for the development of mathematics teaching and learning in Denmark (2011).

http://milne.ruc.dk/imfufatekster/pdf/485web_b.pdf


Jere Confrey et al., TurnOnCCMath.net – https://www.turnonccmath.net 

https://turnonccmath.net
https://www.turnonccmath.net


Thinking Like a Mathematician

• To get started: 

1. Play with examples. 

2. Break it down – take small bites. 

3. Change the problem: 

• If we weaken assumptions (e.g. drop assumptions), then we get a generalization. 

• If we strengthen assumptions, then we get a specialization. 

• To get to a higher level: 

1. Reverse the question – construct your own examples. 

2. Ask ‘What happens if...?’ 

3. Reflect and see the web of ideas.

Houston, Kevin. How to think like a mathematician: A companion to undergraduate mathematics. Cambridge University Press, 2009.
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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
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with functional improvement
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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

Diego Lieban & Zsolt Lavicza, “Geometric modelling inspired by Da Vinci: shaping and adding movement using technology and physical resources”. 10th Congress of European Research in Mathematics Education. (2017)

https://keynote.conference-services.net/resources/444/5118/pdf/CERME10_0441.pdf


3. Science



Two Useful Concepts from the Philosophy of Science

• Limiting Case (Einstein, 1917) 

• Falsifiability (Popper, 1934)

Popper, Karl. The Logic of Scientific Discovery. Hutchinson & Co. (1959).

Einstein, A. Relativity: The Special and the General Theory - Authorized translation by RW Lawson from the fifth German edition. London, Methuen (1920).



K 1st 2nd 3rd 4th 5th MS HS
Physical Sciences Structure and 

Properties of Matter
Structure and 
Properties of Matter

Structure and 
Properties of Matter

Structure and 
Properties of Matter

Chemical Reactions Chemical Reactions
Forces and 
Interactions: Pushes 
and Pulls

Forces and 
Interactions

Forces and 
Interactions

Forces and 
Interactions

Energy Energy Energy
Waves: Light and 
Sound

Waves Waves and 
Electromagnetic 
Radiation

Waves and 
Electromagnetic 
Radiation

Life Sciences Structure, Function, 
and Information 
Processing

Structure, Function, 
and Information 
Processing

Structure, Function, 
and Information 
Processing

Structure and 
Function

Matter and Energy in 
Organisms and 
Ecosystems

Matter and Energy in 
Organisms and 
Ecosystems

Matter and Energy in 
Organisms and 
Ecosystems

Interdependent 
Relationships in 
Ecosystems: Animals, 
Plants, and Their 
Environment

Interdependent 
Relationships in 
Ecosystems

Interdependent 
Relationships in 
Ecosystems: 
Environmental 
Impacts on Organisms

Interdependent 
Relationships in 
Ecosystems

Interdependent 
Relationships in 
Ecosystems

Inheritance and 
Variation of Traits: Life 
Cycles and Traits

Growth, Development, 
and Reproduction of 
Organisms

Inheritance and 
Variation of Traits

Natural Selection and 
Adaptations

Natural Selection and 
Evolution

Earth and Space 
Sciences

Space Systems: 
Patterns and Cycles

Space Systems: Stars 
and the Solar System

Space Systems Space Systems

History of Earth History of Earth
Earth’s Systems: 
Processes that Shape 
the Earth

Earth’s Systems: 
Processes that Shape 
the Earth

Earth’s Systems Earth’s Systems Earth’s Systems

Weather and Climate Weather and Climate Weather and Climate Weather and Climate
Human Impacts Human Sustainability

NGSS Lead States. 2013. Next Generation Science Standards: For States, By States – https://www.nextgenscience.org

https://www.nextgenscience.org


EXPLORATION
AND

DISCOVERY

COMMUNITY
ANALYSIS

AND
FEEDBACK

BENEFITS
AND

OUTCOMES

TESTING
IDEAS

How science works

www.understandingscience.org
© 2008 The University of California Museum of Paleontology, Berkeley, and the Regents of the University of California

Understanding Science: How Science Works

Understanding Science. 2017. University of California Museum of Paleontology. 3 January 2017 <http://www.understandingscience.org>

http://www.understandingscience.org
http://www.understandingscience.org


Understanding Science: How Science Works

EXPLORATION
AND DISCOVERY

COMMUNITY
ANALYSIS AND

FEEDBACK

BENEFITS AND
OUTCOMES

TESTING
IDEAS

How science works

DRAFT: Please do not distribute.
www.understandingscience.org

© 2007 The University of California Museum of Paleontology, Berkeley, and the Regents of the University of California

Flowchart for K-2 – the E&D and CA&F bubbles should be bolder than the others as 
that is where most students will be working.  The text should be modified to read:

E&D:  Making observations
 Asking questions
 Sharing observations and ideas

 Testing:  
 Recording observations
 Interpreting observations – What is different?  What is the same?
 Using observations to tell what made me think that…
 Changing what I thought after more observations

CA&F
 Talking about our observations and ideas
 Listening to classmates
 Having others try your investigation
 Recording in science notebooks
 Coming up with new questions and ideas
B&O
 Learning more
 Answering questions

Anna:
No arrows
Change to “Explaining what my observations make me think”
Change to “Discussing with classmates”

Using observations 
to tell what made
me think that …

This science flowchart has been modified for grades K–2

Recording
observations

Satisfying
curiosity

Answering
questions

Learning
more

Changing what I
thought after more

observations

Interpreting
observations—

What is different?
What is the same?

Making
observations

Asking
questions

Sharing
observations

and ideas

Explaining what my
observations make

me think

Talking about
our ideas

Listening to
classmates

Having others
try your

investigation

Coming up with
new questions

and ideas

DRAFT: Please do not distribute.
www.understandingscience.org

© 2007 The University of California Museum of Paleontology, Berkeley, and the Regents of the University of California

EXPLORATION
AND DISCOVERY

COMMUNITY
ANALYSIS AND

FEEDBACK

BENEFITS AND
OUTCOMES

TESTING
IDEAS

How science works

DRAFT: Please do not distribute.
www.understandingscience.org

© 2007 The University of California Museum of Paleontology, Berkeley, and the Regents of the University of California

Flowchart for 3-5 – the text should be modified to read:

E&D:  Making observations
 Asking questions
 Sharing data and ideas
 Reading about science discoveries
 Testing:
 Making a hypothesis
 Gathering data
 Interpreting observations 
 Revising what I thought after more observations
 Revising hypothesis or making a new one

CA&F
 Feedback and peer review 
 Discussion with classmates
 Listening to classmates
 Repeating the investigation
 Coming up with new questions and ideas
B&O
 Learn more
 Answer questions
 Satisfy curiosity
 Solve everyday problems

Flowchart for K-2 – the E&D and CA&F bubbles should be bolder than the others as 
that is where most students will be working.  The text should be modified to read:

E&D:  Making observations
 Asking questions
 Sharing observations and ideas

 Testing:  
 Recording observations
 Interpreting observations – What is different?  What is the same?
 Using observations to tell what made me think that…
 Changing what I thought after more observations

CA&F
 Talking about our observations and ideas
 Listening to classmates
 Having others try your investigation
 Recording in science notebooks
 Coming up with new questions and ideas
B&O
 Learning more
 Answering questions

Using observations 
to tell what made
me think that …

3-5:
arrows into the process: we might want to get rid of new technology
(covered by surprising observation here) and personal motivation (covered
by curiosity here).  Might also consider replacing serendipity with
"chance" or "an accident."  Or we could get rid of them completely

top circle: the placement of the bubbles within the circle looks a little
like there is an order to them or a reason for their placement.  could you
arrange the mini-bubbles as in Benefits and Outcomes?

middle circle: revising hypothesis and revising what i thought seem
redundant.  If we're ok with using the word hypothesis at this level,
maybe we could replace those two with: deciding how good a hypothesis is
(or evaluating hypothesis), revising hypothesis, making a new hypothesis. 
If we don't want to use the word hypothesis, we could say instead:
supporting ideas, changing my mind, coming up with a new idea.

lower right circle: could you arrange the mini-bubbles as in Benefits and
Outcomes?  Also, to parallel the others, could we phrase the discussion
bubble "discussing with classmates?"

K-2:
Arrows in: may not be necessary at all here, but if we do keep them, I
think we should simplify as in the 3-5 chart suggestion.

middle circle: I like the sentiment of all these bubbles, but maybe a
little rewording would make their meaning clearer:  how about replacing
the rightmost bubble with "explaining what my observations make me think."
 Might also consider simplifying the bottom one to "changing my mind"--but
maybe not, I am also ok with this one as is. Also, the spacing of the
bubbles in the vertical direction is not even here.

lower right circle: could you arrange the mini-bubbles as in Benefits and
Outcomes?  Also, to parallel the others, could we phrase the discussion
bubble "discussing with classmates?"

This science flowchart has been modified for grades 3–5

Coming up with
an explanation

Answer
questions

Satisfy
curiosity

Learn
more

Solve everyday
problems

Feedback and
peer review

Discussing with
classmates

Listening to
classmates

Repeating the
investigation

Coming up with new
questions and ideas

Revising what I
thought after more

observations

Gathering
data

Making
observations

Asking
questions

Sharing
data and

ideas

Reading
about science
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Flowchart for K-2 – the E&D and CA&F bubbles should be bolder than the others as 
that is where most students will be working.  The text should be modified to read:

E&D:  Making observations
 Asking questions
 Sharing observations and ideas

 Testing:  
 Recording observations
 Interpreting observations – What is different?  What is the same?
 Using observations to tell what made me think that…
 Changing what I thought after more observations

CA&F
 Talking about our observations and ideas
 Listening to classmates
 Having others try your investigation
 Recording in science notebooks
 Coming up with new questions and ideas
B&O
 Learning more
 Answering questions

Anna:
No arrows
Change to “Explaining what my observations make me think”
Change to “Discussing with classmates”

Using observations 
to tell what made
me think that …

This science flowchart has been modified for grades K–2
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Flowchart for 3-5 – the text should be modified to read:

E&D:  Making observations
 Asking questions
 Sharing data and ideas
 Reading about science discoveries
 Testing:
 Making a hypothesis
 Gathering data
 Interpreting observations 
 Revising what I thought after more observations
 Revising hypothesis or making a new one

CA&F
 Feedback and peer review 
 Discussion with classmates
 Listening to classmates
 Repeating the investigation
 Coming up with new questions and ideas
B&O
 Learn more
 Answer questions
 Satisfy curiosity
 Solve everyday problems

Flowchart for K-2 – the E&D and CA&F bubbles should be bolder than the others as 
that is where most students will be working.  The text should be modified to read:

E&D:  Making observations
 Asking questions
 Sharing observations and ideas

 Testing:  
 Recording observations
 Interpreting observations – What is different?  What is the same?
 Using observations to tell what made me think that…
 Changing what I thought after more observations

CA&F
 Talking about our observations and ideas
 Listening to classmates
 Having others try your investigation
 Recording in science notebooks
 Coming up with new questions and ideas
B&O
 Learning more
 Answering questions

Using observations 
to tell what made
me think that …

3-5:
arrows into the process: we might want to get rid of new technology
(covered by surprising observation here) and personal motivation (covered
by curiosity here).  Might also consider replacing serendipity with
"chance" or "an accident."  Or we could get rid of them completely

top circle: the placement of the bubbles within the circle looks a little
like there is an order to them or a reason for their placement.  could you
arrange the mini-bubbles as in Benefits and Outcomes?

middle circle: revising hypothesis and revising what i thought seem
redundant.  If we're ok with using the word hypothesis at this level,
maybe we could replace those two with: deciding how good a hypothesis is
(or evaluating hypothesis), revising hypothesis, making a new hypothesis. 
If we don't want to use the word hypothesis, we could say instead:
supporting ideas, changing my mind, coming up with a new idea.

lower right circle: could you arrange the mini-bubbles as in Benefits and
Outcomes?  Also, to parallel the others, could we phrase the discussion
bubble "discussing with classmates?"

K-2:
Arrows in: may not be necessary at all here, but if we do keep them, I
think we should simplify as in the 3-5 chart suggestion.

middle circle: I like the sentiment of all these bubbles, but maybe a
little rewording would make their meaning clearer:  how about replacing
the rightmost bubble with "explaining what my observations make me think."
 Might also consider simplifying the bottom one to "changing my mind"--but
maybe not, I am also ok with this one as is. Also, the spacing of the
bubbles in the vertical direction is not even here.

lower right circle: could you arrange the mini-bubbles as in Benefits and
Outcomes?  Also, to parallel the others, could we phrase the discussion
bubble "discussing with classmates?"

This science flowchart has been modified for grades 3–5
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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

https://www.youtube.com/watch?v=9-Hwxw4fgqk
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4. Engineering



ITEA Standards for Technological Literacy
1. The Nature of Technology: 

• The characteristics and scope of technology 
• The core concepts of technology 
• The relationships among technologies and the 

connections between technology and other fields 
2. Technology and Society: 

• The cultural, social, economic, and political effects of 
technology 

• The effects of technology on the environment 
• The role of society in the development and use of 

technology 
• The influence of technology on history 

3. Design: 
• The attributes of design 
• Engineering design 
• The role of troubleshooting, research and 

development, invention and innovation, and 
experimentation in problem solving 

4. Abilities for a Technological World 
• Apply the design process 
• Use and maintain technological products and 

systems 
• Assess the impact of products and systems 

5. The Designed World 
• Medical technologies 
• Agricultural and related biotechnologies 
• Energy and power technologies 
• Information and communication technologies 
• Transportation technologies 
• Manufacturing technologies 
• Construction technologies

Technology for All Americans Project, and International Technology Education Association. Standards for technological literacy: Content for the study of technology, Third Edition. International Technology Education Association, 2000. - https://www.iteea.org/Publications/StandardsOverview.aspx

https://www.iteea.org/Publications/StandardsOverview.aspx


The Engineering Design Process

Ask:
Identify 

the need & 
constraints

Test and 
evaluate

prototype

Imagine:
Develop 
possible 
solutions

Improve:
Redesign
as needed

Create:
Build a 

prototype

Plan:
Select a 

promising 
solution

Research
the problem

curriculum for k-12 educators learn more at teachengineering.org

TeachEngineeering, Engineering Design Process – https://www.teachengineering.org/k12engineering/designprocess

https://www.teachengineering.org/k12engineering/designprocess
https://www.teachengineering.org/k12engineering/designprocess
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5. The Road to STEAM



Lev Vygotsky, Mind in Society: The Development of Higher Psychological Processes. Harvard University Press. (1978)

• Zone of Proximal Development (ZPD):

• Region between:


• what a learner can accomplish independently (the Zone of Current Development, ZCD)

• what they can accomplish with assistance from a “more knowledgeable other” (MKO)


• “…what a child can do with assistance today she will be able to do by herself tomorrow.”

• This is an iterative process:


• The ZCD and ZPD change over time;

• Independent practice (IP) is required to close the loop.
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Van Geert, Paul. "Vygotsky’s dynamic systems." Lev Vygotsky: Critical assessments 4 (1997): 3-21.
Galperin, P.Ia. “Stage by Stage formation as a method of psychological investigation”. Journal of Russian and East European Psychology, 30(4), 61-80 (1992)
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Ann Pendleton-Julian and John Seely Brown. Pragmatic Imagination: Single from Design Unbound (2016).



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



The EdTech Quintet – Associated Practices

Social Provides diversity to the ZPD

Mobility Creates the context for the process

Visualization Aids in segmenting ZPD, bridging gaps

Storytelling Aids in the integration of the ZPD

Gaming Provides frameworks for independent practice



seeks to emphasize the necessary future-oriented nature of imagination as a culturally-
mediated psychological function. The coming-together of direct and mediated
relations at the right of the triangle is replaced by a gap were phylogeny, culture,
and ontogeny are momentarily reconciled so as to produce an image. This image is a
condition of thought and action, for it provides the subject with a stable-enough image
of the world into which thought or action has meaning. This way of diagramming the
process of imagination foregrounds the question of how a subject, at a future moment
in time (tn+1), reconciles the differences between “direct” and mediated sources of
knowledge, bringing into being a single and stable image of the world. We wish to
emphasize that the analytic device of the triangle—here used to think about
imagination as a process that unfolds at a very micro, moment-to-moment scale—
can be generalized to broader conditions of imagination, as our paper will show later.

To make explicit the link between this representation of mediated thought and our
discussion of imagination, consider that the gap indicates a process of resolving sources
of information about the world that are heterogeneous. This “resolving activity” is akin
to the process we concluded must exist from fixed-image experiments described earlier.
In this regard, we think of a process occurring at time n that results in a new image at
time n+1 as analogous to the resolving process that occurs in the process of a saccadic
eye movement. In each case, a gap is generated so that an image may emerge from
resolving differences in the sources of information.

We wish to draw attention to several aspects of the “gap” where the mediational
triangle is not fully connected as a way of better specifying what the process of
image formation entails.

1. This gap represents a set of differences in experience that exist at a “next moment
in time.” These differences arise as a result of the fact that experience is
conditioned by the intermingling of phylogenetically-constrained and culturally-
mediated relations of the subject to the object. Each of these relations has its own
heterogeneous temporal dynamics, as a consequence of which discoordination
between them is a constant, necessary reality. The biological constraints on
thought and action are spatially and temporally difference from those of culture or

M
(artifact)

Stn On

Stn+1

Fig. 3 A dynamic representation of the basic mediational triangle that includes time in the unit of
analysis. The fact of non-correspondence between mediated and unmediated (indirect and direct) subject-
object relations is represented by the oval at the right, indicating the need for active cognitive resolution of
the discrepancies by the subject, the process referred to in the text as voobrazhenie

Integr Psych Behav

Pelaprat, Etienne, and Michael Cole. "“Minding the gap”: Imagination, creativity and human cognition." Integrative Psychological and Behavioral Science 45.4 (2011): 397-418.

http://www.pragmaticimagination.com


Ann Pendleton-Jullian & John Seely Brown: 
The Pragmatic Imagination

• Six Principles: 

1. The imagination serves diverse cognitive processes as an entire spectrum of activity. 

2. The imagination both resolves and widens the gap between what is unfamiliar and what is known. 

3. The Pragmatic Imagination pro-actively imagines the actual in light of meaningful purposeful 
possibilities. 

4. The Pragmatic Imagination sees thought and action as indivisible and reciprocal. 

5. The imagination must be instrumentalized to turn ideas into action - the entire spectrum of the 
imagination. 

6. Because the imagination is not under conscious control, we need to understand, find, and design 
ways to set it in motion and scaffold it for play and purpose.

Ann Pendleton-Jullian & John Seely Brown, Pragmatic Imagination: Single from Design Unbound. Blurb (2016)

http://www.pragmaticimagination.com
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