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I will talk for 7 minutes or so about the Carbon TIME project, which my colleagues and I have been working on for a number of years. 
But I’ll take the first minute to say something about the context in which this workshop is taking place.
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I’ve been working in science education for a long time, and I have to say that I have never seen the level of consensus we have today about three-dimensional learning as a goal.
BUT this is a highly aspirational goal.  Achieving it will require major changes in curriculum and instruction.
AND our curriculum materials and systems of professional support are more fragmented an privatized than I have seen in my career.
So that leads to a core question: How is this going to work?
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I see no precedents for changes of this magnitude in science education, but thinking about a model for how to proceed, I have always been fascinated by the transition of the medical profession that took place during the last half of the 19th century.  Between 1860 and 1910 scientific medicine became the dominant paradigm of the medical profession, leading to new standards for medical research and medical education. 
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One thing that interests me is that this transition occurred BEFORE scientific medicine had effective treatments for diseases. 
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So this is how I understand the context and purposes for our project: Carbon: Transformations in Matter and Energy, or Carbon TIME.  We have developed six units – around 3 weeks of instructions each, addressing key ideas in life, earth, and physical science.
We are specifically concerned with 3D learning about carbon cycling at multiple scales, including global carbon cycling and its effects on climate change.
We have both macroscopic scale and large scale units.
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These units are part of a system that includes “three legs of the stool,” each necessary but not sufficient to support three-dimensional learning in classrooms
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So I think we are aiming for something like what the advocates of scientific medicine accomplished in 1910.
SLIDE
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I’ll talk very briefly about each of these in turn

The first part of the powerful theory is our own interpretation of 3D learning.  Here’s a color-coded representation of our model. 
1. We recognize that scientific knowledge includes different kinds of claims that are validated and used in different ways: observations, patterns, and models.
2. Scientific practices connect different kinds of knowledge claims as we create, validate, and use scientific knowledge
3. Crosscutting concepts function as discourse rules that constrain both knowledge and practice.
This representation links the NGSS 3 dimensions and the Carbon TIME instructional model, which I’ll discuss in just a minute.
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Part 2 or our powerful theory is learning progression frameworks and their associated assessments.  We have been working on 3 related learning progressions, each which traces three dimensional learning for middle and high school students.  They focus on different but related practices: 
· macroscopic explanation, 
· macroscopic inquiry, and 
· data interpretation, explanation, and prediction for ecosystems and global systems.
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We develop the learning progressions through iterative cycles of framework development; design and implementation of assessments; and interpretation of data to inform revisions to the framework. 
These learning progressions are our foundations for classroom assessment, curriculum development, and professional development. 
[image: ]



Part 3 or our powerful theory is an instructional model that we use to organize our units with the goal of scaffolding students’ scientific practices.
Each unit supports students’ work first as questioners, then as investigators, and finally as explainers as they study phenomena in the domain of that unit.
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Carbon TIME provides a tool kit for enacting this instructional model.
We have confidence that these are sophisticated and powerful tools, but using them successfully requires classroom discourse that is rigorous and responsive.
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So we also have the other two legs of the stool: a two-year course of study for face-to-face and online PD and professional support network, all taking place in intersecting communities of practice.
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We design these components using another iterative development cycle that involves all three legs of the stool
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So how is all of this working?  How well are teachers scaffolding students’ 3D learning?
Here’s a simple answer to a complicated question. 
These are data from studies using assessments based on the carbon macroscopic explanations learning progression.
· The blue bars show the percent of Level 4 responses from students in non-Carbon TIME middle school, high school, and college science majors biology courses
· The red bars are pretest and posttest averages for middle school students using the Carbon TIME units in 2015-6
· The green bars are pretest and posttest averages for high school students using the Carbon TIME units
We have more sophisticated analyses that show basically the same pattern: High school students using Carbon TIME are doing better than college science majors in biology courses, but only a minority are achieving learning progression Level 4: basically the NGSS performance expectations in this domain.  
(Though I will add that the learning progression research reveals problems with NGSS, and what to do about those is a topic for another day.)
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Here’s an analysis that starts to explain these results, comparing pre-post learning gains for individual teachers.
· At the lower end, we see 3 teachers whose learning gains were not statistically different from 0.
· At the upper end, we’re getting close to ceiling effects on the posttest: Most students in these classrooms are at Level 4.
A major focus of our current research is using our case study data, including videos, interviews, and student work, to analyze differences in discourse among these classrooms and to see how they are related to differences in students and in teachers’ goals, strategies and responses to Carbon TIME tools.
We see great tensions between how some teachers respond to basic problems of practice and what it takes to successfully scaffold 3D learning.  [Not in talk: list of basic problems of practice:
· Engagement around a shared purpose (curiosity/motivation)
· What knowledge, practice, principles are scaffolded/encouraged? (principled reasoning)
· Social relationships, management
· Evaluation, accountability or follow-up after this lesson]
We are not done yet.
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So in conclusion:
SLIDE
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I’ll just add thanks to our funders….
…and some of the many people who have played key roles in this work

Unsolicited Comments on Instructional Materials Workshop
Andy Anderson, June, 2017
I appreciate being invited to the workshop and having a chance to present and participate in the discussions.  However, I found significant parts of the conference disturbing, particularly the small group discussions and recommendations that emerged from them.  It seemed to me that, taken together, these recommendations describe a fundamentally political process designed to satisfy all the interest groups involved, making the adults happy with little attention to systematic procedures for seeing how students are affected.  I’ll comment briefly on concerns I have at each stage of the process.
Supply: participation vs. evaluation.  In the recommendations about designing instructional materials there was a strong focus on the importance of involving teachers, working together with professional curriculum designers/researchers and scientists, along with some kind of check for alignment like the EQuiP rubric.  This is necessary, but there seemed to be quite a few people in the room who felt that it was sufficient.
I am deeply convinced that neither the process nor reports from teachers who use the products is sufficient to assure that the materials actually support three-dimensional learning.  Development needs to be start with empirically-based understanding of students’ initial knowledge and practice, and there needs to be careful empirical evaluation that looks at what is happening in classrooms and at evidence of student learning.  A lot of materials that seem great just don’t work as well in many classrooms as we hope, but we don’t find out until we look at empirical evidence about what happens when they are used.
Demand: evaluating alignment vs. effectiveness.  Here I heard a lot about a process for assessing the alignment of curriculum materials with NGSS using rubrics like EQuiP and perhaps a process like EdReports.  It seems to me that this is equivalent to Consumer Reports evaluating products by examining them and reading the user’s manuals. The whole point is that they check empirically to see how well the products actually work for their designed functions.  
So again, I don’t think I could do better than a rubric like EQuiP’s, but it is an inherently limited tool, particularly because it does not include procedures for evaluating what happens in classrooms where the materials are being used or what students learn in those classrooms.
Implementation: changes in classroom discourse as the goal.  Our experience has been that teachers’ language in discussing teaching and learning during PD and their self-reports of what they are doing in the classroom are poor predictors of what we see when we actually observe what is happening in their classrooms.  So I would want to see evidence that the classrooms of teachers implementing the units are actually scaffolding 3D learning.
Conclusion.  I recognize that procedures involving systematic use of high-quality evidence about classroom discourse and student learning are “impractical.”  But there’s a slippery slope between “don’t let the perfect be the enemy of the good” and “don’t let the good be the enemy of the bad.”  My experience is that consensus-seeking processes not constrained by empirical checks can sometimes reach pretty bad conclusions.
It seems to me that NRC’s commitment to the use of evidence as a basis for action requires a deeper examination of the role of evidence in the design and use of instructional materials than I saw in this workshop.


//, Page 
image4.emf



What	did	scientific	medicine	have	to	
offer	in	1910?



• NOT effective	treatments	(fewer	than	a	dozen)
• Scientific	medicine	DID	have:
–Consensus	around	a	powerful	theory about	human	
physiology	and	the	nature	of	disease
–Accurate	diagnoses with	predictive	power
–Standards	for	judging	the	efficacy	of	treatments



• These	were	the	foundations	for	longer	and	slower	
changes	in	public	health	and	medical	practice.	
U.S.	life	expectancy:	
–1910:	<	50	years
–2010:	>	75	years
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Carbon	TIME	(Transformations	in	
Matter	and	Energy)	Curriculum



Four	units	on	carbon-transforming	processes	at	the	macroscopic	scale



Two	units	on	carbon-transforming	processes	at	the	large	scale



Systems	&	Scale									Animals																			Plants															Decomposers



Ecosystems																Human	Energy	Systems
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Carbon	TIME	and	
the	“three	legs	of	the	stool”



Curriculum	&	
Assessments
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What	are	we working	to	accomplish?
• Design-based	Implementation	Research:	Current	
project	involves	~150	teachers	participating	for	2	
years	each,	~20,000	students
• A	powerful	theory about	science	learning:
– Three-dimensional	learning
– Learning	progression	frameworks	
– Instructional	model



• A	system	of	assessments with	predictive	power
• Standards	for	judging	the	efficacy	of	instruction
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Observations



Patterns



Models



New	questions,	new	data



We	make	observations and	collect	data	using	
numbers	or	words	or	pictures.



We	identify	patterns
in	our	data	and	observations.



A	few	key	models
explain	why	the	
patterns	happen.	



A	powerful	theory,	part	1:	Three	dimensions
of	student	performance
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NGSS Carbon	TIME



Crosscutting	concepts	function
as	discourse	rules	that	constrain
knowledge	and	practice
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A	powerful	theory,	part	2:	
Learning	progression	frameworks
Framework Practices Core	Ideas Crosscutting



Concepts
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explanation	
(carbon)
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A	system	of	assessments:	Iterative	
learning	progression		development



(NRC,	2006)



Assessments Interpretation



Model	of	Cognition:
Learning	Progression	Framework
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A	powerful	theory,	part	3:	Instructional	model	
scaffolding	students’	scientific	practices



Students	as	
questioners:	
Exploring	driving	
question



Students	as	
investigators:	
Developing	
evidence-based	
arguments



Students	as	
explainers:
Constructing	
model-based	
explanations
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Carbon	TIME	Tools



Three	Questions Discourse	Routines



Models,	AV,	
SimulationsProcess	Tools
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• Two-year PD course of study
• Professional support networks
• Teachers are boundary crossers 



among classrooms, Carbon 
TIME and local networks 



Intersecting communities 
of practice
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Iterative		development	cycle	for	the	
Carbon	TIME	program



Goals defined	by	
learning	progression
frameworks



Instructional	support:
teaching	materials,	PD,
networks	(3	legs	of	the
stool)



Measures	of	success: Assessments	of	
3D	learning,	classroom	observations,	
interviews,	network	research
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Standards for efficacy of instruction: Carbon 
TIME compared with other middle school, high 



school, and college courses



Percentages	of	learning	progression	Level	4	
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Comparing	Average	Learning	Gains	for	
Individual	Teachers	(2015-6)
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Conclusion
• Science	educators	currently	have	consensus	
around	ambitious	goals	defined	by	NGSS,	but	
fragmented	support	systems	(including	
curriculum	materials)	to	achieve	those	goals
• To	design	teaching	materials	that	are	
necessary	(but	not	sufficient)	to	achieve	our	
shared	goals,	we	need:	
–powerful	theories,	
–deep	and	accurate	assessments,	and	
–rigorous	standards	for	judging	success
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The	Carbon	TIME	Project:	Research-based	
Curriculum	Development	to	Enact	NGSS



Presented	to	the	NRC	Workshop:	Instructional	
Materials	for	the	Next	Generation	Science	Standards	



Charles	W.	(Andy)	Anderson
June	27,	2017
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Today	we	have….
• Unprecedented	consensus	among	science	
educators	around	the	NGSS	goal	of	three-
dimensional	learning
• Scaffolding	3D	learning	requires	MAJOR	changes	
in	classroom	discourse—more	substantial	than	
have	ever	happened	before	in	classroom	
discourse
• Unprecedented	fragmentation	and	privatization	of	
curriculum	materials	and	systems	for	professional	
support
• How	is	this	going	to	work?
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Kenneth	Ludmerer on	the	development	of	
modern	medical	education



• 1860:	
–Medical	education:	one	year,	minimal	entrance	
requirements,	dominated	by	for-profit	schools
–Medical	practice:	fragmented	among	multiple	approaches—
homeopathy,	patent	medicines,	Christian	Science,	faith	
healing,	etc.



• 1910:
–Medical	education:	four	years	of	postgraduate	training	in	
scientific	medicine
–Medical	practice:	gradually	reorganizing	around	standards	
based	on	scientific	medicine
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