
worldwidetelescope.org wwtambassadors.org

http://worldwidetelescope.org
http://worldwidetelescope.org
http://wwtambassadors.org
http://worldwidetelescope.org


Alyssa A. Goodman

Beyond-the-Book Thinking  
in Modern (STEM) Education



“The more I learn, the less I know.”

Socrates Einstein Streisand



t h e  u n d i s c o v e r e d
To paraphrase Louis Pasteur, sometimes 

luck favors the prepared mind, as when  
Alexander Fleming discovered penicillin 

by noticing that mold growing accidentally 
in his lab seemed to kill bacteria. At other 
times, new instruments offer unanticipat-

ed revelations: Galileo trained his telescope 
on Jupiter and found it to have moons. And, 
occasionally, methodical experiments find 

exactly the opposite of what they sought to 
prove. Scientists intending to measure the 

deceleration of the Universe’s expansion, 
for example, found acceleration instead. 

The Undiscovered—the 2018 Radcliffe  
Institute science symposium—will focus on 

how scientists explore realities they cannot 
anticipate. Speakers from across the  

disciplines of modern science will present 
personal experiences and discuss how to 

train scientists, educators, and funders to 
foster the expertise and open-mindedness 

needed to reveal undiscovered aspects of 
the world around us. 

Many great discoveries in science are surprises

Friday, October 26, 2018
9:30 AM
Knafel Center

www.radcliffe.harvard.edu

This event is free and open to the public.
Learn more, register, and join us:

SPEAKERS AND DISCUSSANTS
David Charbonneau
Immaculata DeVivo
Joel Dudley
Alyssa Goodman
Stuart Firestein
Debra Fischer
Robinson W. Fulweiler
Lisa Kaltenegger
Daniel M. Kammen
Jill Tarter
Conevery Bolton Valencius



Barnstable High-School Senior Ceili Magnus at “The Undiscovered”  
Radcliffe Institute for Advanced Study, October 26, 2018 

https://youtu.be/BUlfWQU7IsU?t=834

https://youtu.be/BUlfWQU7IsU?t=834
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takeasweater.com, and “TakeASweater” in the Apple App Store 

“Take A Sweater”

with thanks to Eric Floehr of Forecast Watch and Bill Barthelmy of HUIT Academic Technology at FAS

http://www.takeasweater.com
http://www.takeasweater.com
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see: A New Approach to Developing Interactive Software Modules through Graduate Education, Sanders, Faesi & Goodman 2013





What about 
evaluation?

“Do kids read?”
“Textbooks are stupid—Wikipedia is way better!” 
(Caveats: may be different in different subjects—
science textbooks may be useful; novels, history 
books, etc. still awesome.) 

“People my age are digesting way more 
information, e.g. manyYouTube videos way more 
intelligent & philosophically complex than 
television news.”

“More effort & time required.” 
“Un-assessed work, like blog posts, are fine.” 
“Factory system doesn’t prepare you for the 
real world.” 
“Why expect everyone to learn exactly the 
same thing?”

      Bookwheel, from Agostino Ramelli's Le diverse et artificiose machine, 1588.                  Thanks to Joan Najita, Sharmila Dey & Abby Schwartz for insights here.



Sample	ThinkSpace	results…	
Pre	(green)	vs.	Post	(blue)	Content	Scores	  

for	Moon	Phases	and	Seasons,	 
compared	with	Na@onal	Averages	 

of	delayed	post-	“business	as	usual”	instruc@on	
(N>500)	from	Sadler	et	al.,	2010	(gray).	

SpaceThink

wwtambassadors.org
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The Path to Newton

Alyssa Goodman  
Jais Brohinsky  
Drew Lichtenstein  
& Katie Peek 
on behalf of Harvard University tinyurl.com/aas-path-to-newton



The Path online interacts with a narrative 

screencast courtesy of PredictionX course producer Drew Lichtenstein 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Earth as a Clock 

Why Lunars are Hard

Jupiter’s Moons

Latitude & Longitude

The Celestial Sphere

Lunars on the Sky
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Modern Simulation



“Scaffolding” Modern Simulation



https://canvas.harvard.edu/courses/43639 

How technologies can combined at Harvard now (from Freshman Seminar 27J)

https://canvas.harvard.edu/courses/43639


EstabLished New Distribution

WorldWide	Telescope

Take A Sweater
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2020-?

2017- 2018

t h e  u n d i s c o v e r e d
To paraphrase Louis Pasteur, sometimes 

luck favors the prepared mind, as when  
Alexander Fleming discovered penicillin 

by noticing that mold growing accidentally 
in his lab seemed to kill bacteria. At other 
times, new instruments offer unanticipat-

ed revelations: Galileo trained his telescope 
on Jupiter and found it to have moons. And, 
occasionally, methodical experiments find 

exactly the opposite of what they sought to 
prove. Scientists intending to measure the 

deceleration of the Universe’s expansion, 
for example, found acceleration instead. 

The Undiscovered—the 2018 Radcliffe  
Institute science symposium—will focus on 

how scientists explore realities they cannot 
anticipate. Speakers from across the  

disciplines of modern science will present 
personal experiences and discuss how to 

train scientists, educators, and funders to 
foster the expertise and open-mindedness 

needed to reveal undiscovered aspects of 
the world around us. 

Many great discoveries in science are surprises

Friday, October 26, 2018
9:30 AM
Knafel Center

www.radcliffe.harvard.edu

This event is free and open to the public.
Learn more, register, and join us:

SPEAKERS AND DISCUSSANTS
David Charbonneau
Immaculata DeVivo
Joel Dudley
Alyssa Goodman
Stuart Firestein
Debra Fischer
Robinson W. Fulweiler
Lisa Kaltenegger
Daniel M. Kammen
Jill Tarter
Conevery Bolton Valencius2018 2019

2016-

(Paths to) today.
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Coming to Harvard GenEd in 2020 
(ask Jais!)

https://docs.google.com/spreadsheets/d/1DR9LCSSs9ghclKpyTlsa4cLeZUfDuWtK8naghwIbVyc/edit#gid=0
https://gened.fas.harvard.edu/classes/prediction-past-and-present-future


2008

2012

2013

2015-

2015-18
2020

2020-?

2017- 2018

t h e  u n d i s c o v e r e d
To paraphrase Louis Pasteur, sometimes 

luck favors the prepared mind, as when  
Alexander Fleming discovered penicillin 

by noticing that mold growing accidentally 
in his lab seemed to kill bacteria. At other 
times, new instruments offer unanticipat-

ed revelations: Galileo trained his telescope 
on Jupiter and found it to have moons. And, 
occasionally, methodical experiments find 

exactly the opposite of what they sought to 
prove. Scientists intending to measure the 

deceleration of the Universe’s expansion, 
for example, found acceleration instead. 

The Undiscovered—the 2018 Radcliffe  
Institute science symposium—will focus on 

how scientists explore realities they cannot 
anticipate. Speakers from across the  

disciplines of modern science will present 
personal experiences and discuss how to 

train scientists, educators, and funders to 
foster the expertise and open-mindedness 

needed to reveal undiscovered aspects of 
the world around us. 

Many great discoveries in science are surprises

Friday, October 26, 2018
9:30 AM
Knafel Center

www.radcliffe.harvard.edu

This event is free and open to the public.
Learn more, register, and join us:

SPEAKERS AND DISCUSSANTS
David Charbonneau
Immaculata DeVivo
Joel Dudley
Alyssa Goodman
Stuart Firestein
Debra Fischer
Robinson W. Fulweiler
Lisa Kaltenegger
Daniel M. Kammen
Jill Tarter
Conevery Bolton Valencius2018 2019

2016-

(Paths to) today.

http://takeasweater.com
http://takeasweater.com
http://takeasweater.com
http://takeasweater.com
http://takeasweater.com
http://takeasweater.com
http://takeasweater.com
http://takeasweater.com
http://takeasweater.com
http://takeasweater.com
http://takeasweater.com
http://takeasweater.com
http://takeasweater.com
http://takeasweater.com
http://takeasweater.com
http://takeasweater.com
http://takeasweater.com
https://canvas.harvard.edu/courses/43639
https://gened.fas.harvard.edu/classes/prediction-past-and-present-future
https://ay201b.wordpress.com/topical-modules/
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
https://www.radcliffe.harvard.edu/event/2019-next-in-data-visualization-program
https://scholar.harvard.edu/agoodman/presentations/road-exploration-explanation-and-back
http://10qviz.org
https://www.radcliffe.harvard.edu/event/2018-undiscovered-symposium
http://timelineconsortium.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org
http://predictionx.org


Explore Explain
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10QViz.org 
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Alyssa A. Goodman

Beyond-the-Book Thinking  
in Modern (STEM) Education



More WWTA 

https://drive.google.com/drive/u/1/folders/1tEK_hW7Oj-palfaK_mqhKzaFQCvUu3LY
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ThinkSpace Labs: Teaching Seasons and Moon Phases  
with WorldWide Telescope



Project OVERVIEW

SpaceThink ThinkSpace labs teach astronomy while 

supporFng spaFal thinking skills, like 

imagining a scene from mulFple viewpoints.  







Distractor-driven multiple choice (DDMC) quesFons from the 
Astronomy and Space Science Concept Inventory (Sadler et al, 2009):   
10 quesFons about Seasons on pre/post assessments.

Post

ThinkSpace

Instruction

55%
8%

33%

9%✔

Post

“typical”


Instruction

(Sadler et al)



Post

ThinkSpace

Instruction

Distractor-driven multiple choice (DDMC) quesFons from the 
Astronomy and Space Science Concept Inventory (Sadler et al, 2009):   
9 quesFons about Moon Phases & Eclipses on pre/post assessments.

Post

“typical”


Instruction

(Sadler et al)

65%

20%
13%

✔ 33%



Student Gains: Moon Phases & Seasons Questions

Average(PosUest Score - Pretest Score)

stdev(Pretest Score)
Cohen’s d 
Effect Size 

Cohen’s d ~ 0.5  

Cohen’s d >0.7  

medium effect

large effect

WWT Moon Phases: Cohen’s d=1.2±0.2; N=330 

WWT Seasons: Cohen’s d=1.5±0.2; N=290

Cohen’s d ~ 0.2  small effect

=



Use WWT: 
worldwidetelescope.org

Download ThinkSpace Curriculum: 
wwtambassadors.org

Questions? 
email: pudompra@cfa.harvard.edu



Also use Jais’ spreadsheet


