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Substitution 
Tech acts as a direct tool substitute, 

with no functional change
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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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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)
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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
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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



Social
Mobility

Visualization
AI + XR

Social
Storytelling

Localization

Analysis

Communication



Kenneth A. Kiewra, “Students’ Note-Taking Behaviors and the Efficacy of Providing Instructor’s Notes for Review”. Contemporary Educational Psychology, v10 n4. (1985)

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/skitch-snap.-mark-up.-send./id490505997?mt=8


John C. Nesbit and Olusola O. Adesope, “Learning With Concept and Knowledge Maps: A Meta-Analysis”. Review of Educational Research, Vol. 76, No. 3. (2006)

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/inspiration-maps-vpp/id510173686?mt=8
https://itunes.apple.com/us/app/world-bank-jobs-datafinder/id557102462?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/myscript-mathpad-handwriting/id674996719?mt=8
https://itunes.apple.com/us/app/wolframalpha/id334989259?mt=8
https://itunes.apple.com/us/app/myscript-mathpad-handwriting/id674996719?mt=8
https://itunes.apple.com/us/app/myscript-mathpad-handwriting/id674996719?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/tweetbot-for-twitter-ipad/id498801050?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

http://thoughtvectors.net


Context I



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 XR

283 / SPIE Vol. 2351, Telemanipulator and Telepresence Technologies (1994)

2. REALITY-VIRTUALITY CONTINUUM

Although the term "Augmented Reality" has begun to appear in the literature with increasing frequency, we
contend that this is occurring without what could reasonably be considered a consistent definition. For
instance, although our own use of the term is in agreement with that employed in the call for participation in
the present proceedings on Telemanipulator and Telepresence Technologies1, where Augmented Reality
was defined in a very broad sense as "augmenting natural feedback to the operator with simulated cues", it
is interesting to point out that the call for the associated special session on Augmented Reality took a
somewhat more restricted approach, by defining AR as "a form of virtual reality where the participant's
head-mounted display is transparent, allowing a clear view of the real world" (italics added). These
somewhat different definitions bring to light two questions which we feel deserve consideration:
• What is the relationship between Augmented Reality (AR) and Virtual Reality (VR)?
• Should the term Augmented Reality be limited solely to transparent see-through head-mounted displays?

Perhaps surprisingly, we do in fact agree that AR and VR are related and that it is quite valid to consider the
two concepts together. The commonly held view of a VR environment is one in which the participant-
observer is totally immersed in a completely synthetic world, which may or may not mimic the properties of
a real-world environment, either existing or fictional, but which may also exceed the bounds of physical
reality by creating a world in which the physical laws governing gravity, time and material properties no
longer hold. In contrast, a strictly real-world environment clearly must be constrained by the laws of
physics. Rather than regarding the two concepts simply as antitheses, however, it is more convenient to
view them as lying at opposite ends of a continuum, which we refer to as the Reality-Virtuality (RV)
continuum.  This concept is illustrated in Fig. 1 below.

Reality-Virtuality (RV) Continuum

Real
Environment

Virtual 
Environment

Mixed Reality (MR)

Augmented
Reality (AR)

Augmented
Virtuality (AV)

Figure 1:  Simplified representation of a RV Continuum.

The case at the left of the continuum in Fig. 1 defines any environment consisting solely of real objects, and
includes whatever might be observed when viewing a real-world scene either directly in person, or through
some kind of a window, or via some sort of a (video) display. The case at the right defines environments
consisting solely of virtual objects, examples of which would include conventional computer graphic
simulations, either monitor-based or immersive. Within this framework it is straightforward to define a
generic Mixed Reality (MR) environment as one in which real world and virtual world objects are presented
together within a single display, that is, anywhere between the extrema of the RV continuum.2

Milgram, Paul, et al. "Augmented reality: A class of displays on the reality-virtuality continuum." Telemanipulator and telepresence technologies. Vol. 2351. International Society for Optics and Photonics. (1994)

http://etclab.mie.utoronto.ca/publication/1994/Milgram_Takemura_SPIE1994.pdf


https://jig.space/




Original model by Medhat Megahed, available online at: https://www.thingiverse.com/thing:2591902
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Simple McCulloch–Pitts/Perceptron Model

i1

i2

i3

w1

w3

w2
b4

Produces an output if 
i1•w1+i2•w2+i3•w3>b4



A Simple Example: A Light Bulb Tester

i1

i2

h1

h2

o1

o1=1: both bulbs working 
o1=0: at least one bulb not working



A Neural Network Playground: 
http://tinyurl.com/mlti17nndemo

http://playground.tensorflow.org/#activation=tanh&batchSize=10&dataset=circle&regDataset=reg-plane&learningRate=0.03&regularizationRate=0&noise=0&networkShape=4,2&seed=0.03301&showTestData=false&discretize=false&percTrainData=50&x=true&y=true&xTimesY=false&xSquared=false&ySquared=false&cosX=false&sinX=false&cosY=false&sinY=false&collectStats=false&problem=classification&initZero=false&hideText=false&regularization_hide=true&noise_hide=true&problem_hide=true&batchSize_hide=true&regularizationRate_hide=true


Convolution and Pooling Layers

Images Source: Wikipedia



AI in Medical Education -Basic Exercises

• Bots 

• Recommendation Systems 

• Regression and Clustering 

• Image Classification 

• Object Detection 

• Sequence Classification



https://github.com/apple/turicreate


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://botpress.io
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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
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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

Stephen, Okeke, et al. "An Efficient Deep Learning Approach to Pneumonia Classification in Healthcare." Journal of healthcare engineering (2019).

https://www.hindawi.com/journals/jhe/2019/4180949/


Choosing the First SAMR Ladder Project: Three Options

• Your Passion: 
• If you had to pick one topic from your class that best exemplifies why you became fascinated with this 

aspect of medicine, what would it be?


• Barriers to Your Students’ Progress: 
• Is there a topic in your class that a significant number of students get stuck on, and fail to progress 

beyond?


• What Students Will Do In the Future: 
• Which topic from your class would, if deeply understood, best serve the interests of your students as 

future physicians?



In this exercise you will design a SAMR ladder to transform a unit of instruction; the complete exercise should take about 1 hour.  

• Please break up into teams of 3-5 participants. 

• Your team should take 10 minutes to select the topic that you will use as the basis for your ladder. You should select the topic 
according to one of these criteria:  

• Your Passion:  
If you had to pick one topic from your class that best exemplifies why you became fascinated with this aspect of medicine, 
what would it be? 

• Barriers to Your Students’ Progress:  
Is there a topic in your class that a significant number of students get stuck on, and fail to progress beyond?  

• What Students Will Do In the Future:  
Which topic from your class would, if deeply understood, best serve the interests of your students as future physicians? 

• You should make sure that the topic is not too broad or too narrow - for instance, trying to transform the entire Physiology 
curriculum would be too ambitious for this exercise, but focusing solely on teaching the structure of myosin would be too 
narrow. 

• Having chosen a topic, you should design a SAMR ladder to transform how it is taught today. Plan to spend about 20 minutes 
identifying key pedagogical goals and creating a “rough” version of the ladder, followed by 20 minutes refining and revising the 
ladder to put it into final form, including the tools you plan to use and reasonably detailed descriptions of the activities planned.  

• In the final 10 minutes of this exercise, transcribe a description of your ladder, making sure that the writeup is understandable by 
someone who has not participated in your discussions, and is detailed enough that they could implement your ladder with a 
minimum of additional work needed.



Determining SAMR Level: Questions and Transitions

• Substitution: 
• What is gained by replacing the older technology with the new technology?


• Substitution to Augmentation: 
• Has an improvement been added to the task process that could not be accomplished with the older 

technology at a fundamental level?

• How does this feature contribute to the design?


• Augmentation to Modification: 
• How is the original task being modified?

• Does this modification fundamentally depend upon the new technology?

• How does this modification contribute to the design?


• Modification to Redefinition: 
• What is the new task?

• Is any portion of the original task retained?

• How is the new task uniquely made possible by the new technology?

• How does it contribute to the design?



S to A: 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



“Practice in a classroom is formative to the extent that evidence about 
student achievement is elicited, interpreted, and used by teachers, 
learners, or their peers, to make decisions about the next steps in 
instruction that are likely to be better, or better founded, than the 
decisions they would have taken in the absence of the evidence that 
was elicited.”

Black and Wiliam: Defining Formative Assessment

Black, P. and Wiliam D. “Developing the theory of formative assessment.” Educational Assessment, Evaluation and Accountability. 21:5-31 (2009)



Wiliam: A Framework for Formative Assessment

Where the learner is going Where the learner is

right now How to get there

Teacher Clarifying learning intentions 
and criteria for success

Engineering effective 
classroom discussions and 

other learning tasks that elicit 
evidence of student 

understanding

Providing feedback that 
moves learners forward

Peer
Understanding and sharing 

learning intentions and 
criteria for success

Activating students as instructional resources for one 
another

Learner
Understanding learning 

intentions and criteria for 
success

Activating students as the owners of their own learning

Dylan Wiliam, Embedded Formative Assessment. Solution Tree (2011)

1 2 3

4
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Context II



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
Extended Thinking

Strategic Thinking

Skills and Concepts

Recall and Reproduction

Webb, Norman L. Depth-of-knowledge levels for four content areas. (2002)

http://facstaff.wcer.wisc.edu/normw/All%20content%20areas%20%20DOK%20levels%2032802.pdf


Deming’s PDSA Cycle

November 2010  •  QP 27

D. Moen to comment on the manuscript for Improv-

ing Quality Through Planned Experimentation, 

coauthored by Moen, Thomas R. Nolan and Lloyd P. 

Provost.14 “Be sure to call it PDSA, not the corruption 

PDCA,” Deming wrote in the letter.15

In response to a letter he received in 1991, Deming 

commented about a chart labeled plan-do-check-act. 

“What you propose is not the Deming cycle,” he wrote 

in the letter. “I don’t know the source of the cycle that 

you propose. How the PDCA ever came into existence 

I know not.”16

Has the Deming PDSA cycle evolved? 
In 1991, Moen, Nolan and Provost added to Deming’s 

PDSA planning step of the improvement cycle and re-

quired the use of prediction and associated theory.17 

The authors said the study step compared the ob-

served data to the prediction as a basis for learning. 

This provided the deductive-inductive interplay neces-

sary for learning as required in the scientific method. 

It is not enough to determine that a change resulted 

in improvement during a particular test, according to 

Moen, Nolan and Provost. As you build your knowl-

edge, you will need to be able to predict whether a 

change will result in improvement under the different 

conditions you will face in the future. 

Three years later, Gerald Langley, Kevin Nolan and 

BASIC QUALITY

Shewhart cycle: 
Deming—1986  /   F IGURE 6

PDSA cycle: Deming—1993   /   F IGURE 7

PDSA cycle and Model for 
Improvement—1991, 1994   /   F IGURE 8

Step
one

What could be the team’s most 
important accomplishments?
What changes might be 
desirable? What data are available? 
Are new observations needed?
     If yes, plan a change or test.
       Decide how to use the 
        observations.

    Carry out the change or
   test decided upon,
preferably on a small scale.

Observe the effects
of the change or test.

             Study the results.
      What did we learn?
What can we predict?

Step five. Repeat step one, with knowledge accumulated.
Step six. Repeat step two, and onward.

Step
two

Step 
three

Step 
four

P
Plan—Plan a change
    or test aimed at
      improvement.

    Do—Carry out
   the change or test
(preferably on a small scale).

Study—Examine the
results. What did we
learn? What went wrong?

        Act—Adopt the change, 
abandon it or run through
               the cycle again.

DS

A

Plan

DoStudy

Act

Model for Improvement

What are we trying
to accomplish?

How will we know that a
change is an improvement?

What change can we make that
will result in improvement?

Plan

DoStudy

Act
• Objective.
• Questions 
 and predictions.
• Plan to carry out 
 the cycle (who, 
 what, where, when).

• Carry out the plan.
• Document problems
 and unexpected 
 observations.
• Begin data 
   analysis.

• Complete the
   data analysis.
• Compare data 
 to predictions.
• Summarize 
      what was 
          learned.

• What changes
 are to be 
 made?
• Next cycle?

Ronald D. Moen and Clifford L. Norman. Circling Back: Clearing up myths about the Deming cycle and Seeing How it Keeps Evolving. (2010) Online at: http://www.apiweb.org/circling-back.pdf

http://www.apiweb.org/circling-back.pdf


Doctor 
1

Doctor 
2

Nurse 
1

Nurse 
2

Tech 
1



Reason’s Swiss Cheese Model

Reason, James. Human Error. Cambridge University Press (1990)
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