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


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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Punya Mishra & Matthew J. Koehler, “Technological pedagogical content knowledge: A framework for teacher knowledge”. Teachers College Record, 108(6). (2006)

http://tpack.org
http://mkoehler.educ.msu.edu/OtherPages/Koehler_Pubs/TECH_BY_DESIGN/TCRecord/mishra_koehler_tcr2006.pdf
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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://itunes.apple.com/us/app/imovie/id377298193?mt=8


Social Mobility Visualization Storytelling Gaming
200,000 
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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)
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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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https://mitpress.mit.edu/books/rules-play


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.

ZCD

ZPD
ZCD

ZPD

Al
on

e
W

ith
 M

KO

IP



ZCD

ZPD
ZCD

ZPD

Al
on

e
W

ith
 M

KO

IP



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



Some Core Shared Practices

• Checklists 

• Augmented Note Taking Strategies 

• Visualization Methods (5 Primary Domains) 

• Simple Blogging 

• Simple Digital Storytelling Video 

• Flipped Classroom – Materials Creation 

• Flipped Classroom – Peer Discussion/Instruction Methods 

• Simple Interactive Fiction 

• LMS Practices



Defining a STEM Framework: 
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.
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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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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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How science works

www.understandingscience.org
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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

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

https://www.teachengineering.org/k12engineering/designprocess
https://www.teachengineering.org/k12engineering/designprocess


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.



“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

5



Rubric Example #1: A Classical Rubric for Concept Maps 
(M. Besterfield‐Sacre et al., 2004)

VII. CONCLUSIONS

To date, concept maps have been primarily utilized as an inter-
vention mechanism for improved learning, even though they have
potential as an assessment tool. Although researchers have exam-
ined using these maps for assessment, to date there have been few
reported cases in which inferences have been made about students’
level of conceptual understanding. A major limitation has been the
reliance on “traditional” scoring methods based on count data. Al-
though these methods attempt to quantify the map’s content, they
fail to capture the quality of that content. Further, these scoring
methods can be time consuming, lack standards, and may introduce
inappropriate bias. To combat these problems we first took a holis-
tic approach to scoring the maps and then formalized this approach
by constructing a structured rubric.

The results of our study suggest that concept maps can be an ef-
fective way to measure a student’s conceptual understanding in a
particular area. The experts that scored the students’ concept maps
were able to distinguish the various class levels through their self-
developed holistic score that corresponded to the map’s quality and

later through the rubric. This indicates that the holistic rubric is suf-
ficiently sensitive to detect growth in students’ knowledge integra-
tion from the sophomore to senior year. The formal scoring rubric
not only allows one to distinguish the class levels, but also further
quantifies these differences across three attributes.

Our results are encouraging because they suggest that concept
map knowledge can be measured in a meaningful, reproducible and
efficient manner. Validation efforts revealed high correlation be-
tween the two pairs of professors who scored the concept maps
using the rubric. Paired analysis of 30 maps also showed that no sig-
nificance differences resulted in scoring in the area of comprehen-
siveness and correctness, although a significant difference was
found relative to organization. An adjustment to the rubric, may
have resolved this one area of difference. These results demonstrate
the rubric’s potential for accurately quantifying the knowledge por-
trayed by the student through their map. 

The University of Pittsburgh IE department has seen the value
of using student concept maps and has formalized plans to annual-
ly conduct concept map investigations. Based on our recent find-
ings a second engineering department also plans to incorporate

April 2004 Journal of Engineering Education 113

Table 5. Confidence intervals for each category.

Table 4. Concept Map scoring rubric (Understanding of Engineering Field).

Besterfield‐Sacre, Mary, et al. "Scoring concept maps: An integrated rubric for assessing engineering education." Journal of Engineering Education 93.2 (2004): 105-115.

https://www.researchgate.net/profile/Larry_Shuman/publication/261541920_Scoring_Concept_Maps_An_Integrated_Rubric_for_Assessing_Engineering_Education/links/56537a6408ae4988a7afaa8a.pdf


Rubric Example #2: A Rubric for Sociology Online Discussion 
(S. Evans, 2010)
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