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Info Online: tinyurl.com/ScienceFramework & nextgenscience.org 

Efforts Underway to Develop Implementation �
of New Vision for K-12 Science Education

The	Framework	&	Standards	were	
reviewed	and	refined	by	over	40,000	

teachers,	scien;sts,	engineers,	
educa;onal	researchers,	youth	and	other	

stakeholders	in	K-12	science	ed.	

Students learn science best by engaging in science and 
engineering prac8ces as part of sustained inves8ga8ons.  
In the process, they make sense of disciplinary core ideas  

and cross-cuBng concepts. 
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Investigating Contemporary Genetics: Using DNA Barcoding 
to Identify an Unknown Species 

Agency	in	Sustained	Problem-Based	Inquiry:		
Learning	Science	Through	and	As	Innova>on	

Research	Team:	Bob	Abbo0,	Philip	Bell,	John	Bransford,	Leslie	
Herrenkohl,	Andrew	Morozov,	Andrew	Shouse,	Giovanna	Scalone,	
Kari	Shu0,	Phonraphee	Thummaphan,	Carrie	Tzou	&	Nancy	Vye	
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Investigations build on prior interest 
and everyday practices 

Learner Interest & Agency Matters

Curriculum 
Redesigned
For Agency
& Relevance

Traditional 
Inquiry 
Curriculum 

Vye, Shutt, Morozov, Thummaphan & Abbott (2015)
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1.  Explore how equity and social jus8ce goals 
relate to STEM educaJon 

2.  Develop a shared understanding of 
forma8ve assessment purposes and 
processes  

3.  Learn how cogni8ve forma8ve assessments 
and cultural forma8ve assessments can 
build capacity for equitable instruc8on 

4.  Learn about resources to support  
learner-centered discourse in a way  
that promotes equity 

Overview of the Session Goals 

Professional Learning Resources �
to Support STEM Ed Improvement

•  Co-designed by educators 
& researchers 

•  Tested & refined over time 
•  Easily shareable—over 

social media, email, paper 

STEMteachingtools.org (web)
@STEMteachtools (twitter)

facebook.com/STEMTeachingTools
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3D Forma*ve Assessment Resources 
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“Being born into a racial 
majority group with high 
levels of economic and social 
resources—or into a group 
that has historically been 
marginalized with low levels 
of economic and social 
resources—results in very 
different lived experiences 
that include unequal learning 
opportunities, challenges, and 
potential risks for learning 
and development” 

— Banks et al., 2007

Report & Author Videos —  http://life-slc.org/panel/  

Educational Inequities Persist 

http://STEMteachingtools.org/brief/15

Please read the front, Things to Consider & the quote 
(on the back) and then discuss your reactions and the 

first reflection question with elbow partners. 	
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Equity in science educa*on:  
The struggle con*nues… 

“Equity in science education requires 
that all students are provided with 
equitable opportunities to learn 
science and become engaged in 
science and engineering practices; 
with access to quality space, 
equipment, and teachers to support 
and motivate that learning and 
engagement; and adequate time spent 
on science. In addition, the issue of 
connecting to students’ interests and 
experiences is particularly important for 
broadening participation in science.” 
 

      — NRC Framework, p. 28 

 
Equity-oriented STEM educaJon must 

promote a righFul presence for all 
students across scales of jusJce.  

— Calabrese Barton 
 

Progress frequently involves de-seGling 
systems associated with historical 

inequiJes (Bang, et al., 2012) — while 
imagining and resourcing expansive 

cultural learning pathways  
(Bell, et al., 2012).  
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Equity & Diversity  
(NRC Framework Chapter 11) 

 •  Equalizing opportuniJes to learn 

•  Inclusive science instrucJon 
–  Science Learning as Cultural 

Accomplishment 
–  RelaJng Youth Discourses to  

ScienJfic Discourses 
–  Building on Prior Interest & IdenJty 
–  Leveraging Students’ Cultural  

Funds of Knowledge 

•  Making diversity visible 

•  Value mulJple modes of expression  

Being around people who are different from us 
makes us more creative, more diligent, and 
harder-working. It promotes innovation. 
 — Katherine W. Phillips, Scientific American,  

 October 2014 

 

STEM-related endeavors are  
better when they include  
culturally diverse  
perspectives and approaches.  
 — Medin, Lee & Bang, Scientific American,  

 October 2014 

How Diversity Makes Us Smarter
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Phenomena-focused	
InstrucMon	

Material	
Resourcing		
of	Learning	

Curriculum	
Development	

High-stakes	
Assessments	

Personal	
Lives	

Union	
Contracts	 Student	

Engagement	

Teacher	
CommuniMes	

Teacher	
EvaluaMon	

District	IniMaMves	

Professional	
CollaboraMon	

Research	IniMaMves	

Community	
Engagement	

OrganizaMonal	
PoliMcs	

Forma8ve Assessment as Leverage Point  
for Promo8ng Coherence and Equity 
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Advancing Coherent and Equitable 
Systems of Science Educa8on (ACESSE) 

The Role of Forma*ve 
Assessments in the Classroom 
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“A process used by teachers and students 
during instrucJon that provides feedback to 
adjust ongoing teaching and learning to 
improve students’ achievements of intended 
instrucJonal outcomes.”  
— FormaJve Assessment for Students and 
Teachers (FAST) SCASS, 2012, p. 4 
 
Goes beyond educaJonal standards.  

Forma*ve Assessment 

•  Forma8ve assessment is conducted during the course of 
instrucJon for the purposes of fine-tuning to move 
students forward in their learning (Shepard, 2000). It is 
assessment for learning.  

•  Summa8ve assessment is usually administered at the end 
of a unit or the year to determine what students 
ulJmately learned and to assign them grades (Furtak, 
2016). It is assessment of learning.  

•  An analogy: FormaJve assessment is like the cook tasJng 
the dish as they conJnue to prepare it. SummaJve 
assessment is like the customer judging the final  
dish.  

Clarifying the Purposes of Forma*ve and 
Summa*ve Assessment 
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Forma*ve assessment can be used  
to support equity & social jus*ce  

How can instrucJon…  
•  be inclusive to the parJcipaJon of all students?  
•  be personally or culturally relevant to all 

students?  
•  build on and refine student’s ideas about 

phenomena?  
•  make connecJons between everyday and 

disciplinary knowledge and ways of knowing?  
•  be guided by student’s unfolding  

quesJons?  
 

 
FormaJve assessment is crucial because all 

learners benefit from Jmely and focused 
feedback from others who are further along 

in the learning process.  
 

It also promotes self-reflecJon,  
self-explanaJon, and social learning.  

 
It can make learning more relevant.  
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Different Forma8ve Assessment Interven8ons 
(Penuel & Shepard) 

Data-Driven Decision-Making  Strategy-Focused 
 
 
 
 
 
 

Cogni8ve     Cultural 

Student 1 

Student 2 

Student 3 

Student 4 

With your neighbors…
1.   Do quick introductions
2.   Read front page of each 

of these tools
3.   As a group, select one 

to explore further
4.   Read the full tool—and 

if you are online, pull it 
up and follow links �
(URL is on the tool)

5.   Discuss any pressing 
ideas that comes up or 
one or more of the 
Reflection Questions on 
the back

Cultural Dimensions 
of Science Learning 
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•  A system of assessments will be  
required and should include  
classroom assessment, 
monitoring (large-scale) 
assessments, and indicators of 
opportunity to learn.  

•  Classroom assessment should 
guide development of the overall 
system of assessments. It should 
be an integral part of instrucJon 
and reinforce the type of science 
learning envisioned in the 
Framework and NGSS.  

Developing NGSS Assessment Systems 

•  Shik classroom instrucJon (inform next steps, develop 
interpreJve power, refine pedagogical beliefs & assumpJons 
about learners) 

•  Clarify learning goals across educators in the system 
•  Make learning visible to students 
•  Inform parents about science learning 
•  Guide how instrucJonal materials can be improved 
•  Provide districts with a systems-level view of progress 
•  Support peer professional learning through sense-making 
•  Help coordinate teaching across units, subjects, and grades 
•  Inform the design of summaJve assessments 

Classroom Forma*ve Assessment can… 
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The Forma*ve Assessment Process 
(from Beth Simpson & Amber McCulloch) 

Clarify  
Intended 
Learning 

Elicit  
Evidence 

Act on 
Evidence 

Interpret  
Evidence 

The FormaJve Assessment Process 

•  Learning 
Goals 

•  Success 
Criteria 

Clarify  
Intended 
Learning Elicit  

Evidence 

Act on 
Evidence 

Interpret  
Evidence 
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Clarify  
Intended 
Learning 

Elicit  
Evidence 

Act on 
Evidence 

Interpret  
Evidence 

The FormaJve Assessment Process 

•  InteracJon 
with Students 

•  QuesJoning of 
Students 

•  Focused 
ObservaJons 
of Individual 
Students and 
Groups 

•  Student Work 
and Responses 

The FormaJve Assessment Process 
Educators and students 
analyze elicited evidence 
with respect to learning 
goals / success criteria 
 
•  Is there a gap? Why?  
•  A misunderstanding?  
•  A procedural error?  
•  Was it ambiguous?  
•  Was there a lack of 

evaluator understanding 
of the student response  
or intent?  
 

Clarify  
Intended 
Learning 

Elicit  
Evidence 

Act on 
Evidence Interpret  

Evidence 
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The FormaJve Assessment Process 

FormaJve assessment 
is a deliberate, iteraJve 
process.  
Once educators and 
students have had a 
chance to interpret 
results of elicited 
evidence, what should 
happen next? Do I need 
to adjust instruc0on? 
InstrucJonal responses 
and changes are 
idenJfied and enacted.  
 

Clarify  
Intended 
Learning 

Elicit  
Evidence 

Act on 
Evidence 

Interpret  
Evidence 

Clarify  
Intended 
Learning Elicit  

Evidence 

Act on 
Evidence 

Interpret  
Evidence 

The FormaJve Assessment Process: 
A 3D Example 

3D Learning Performance: 
Students develop and use a 
model to provide a causal 
account of what happens when 
thermal energy is transferred 
from a pure substance. They 
explain how this can cause: a 
substance to change state from 
a gas to a liquid or from a liquid 
to a solid, or a decrease in the 
temperature of the system as 
the moJon of the parJcles 
relaJve to each other decreases
—represenJng a decrease in the 
kineJc energy of the system. 
 
Constructed from components of 
MS-PS1-4 and MS-PS3-5 
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Clarify  
Intended 
Learning 

Elicit  
Evidence 

Act on 
Evidence 

Interpret  
Evidence 

The FormaJve Assessment Process: 
A 3D Example 

Clarify  
Intended 
Learning 

Elicit  
Evidence 

Act on 
Evidence Interpret  

Evidence 

The FormaJve Assessment Process: 
A 3D Example 
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Instruc8onal Responses… 
•  Ask students to explain a 

demonstraJon of 
condensaJon forming on a 
glass of ice water 

•  Ask students to explain how 
process works without using 
science terminology  
(e.g., “phase change”) 

•  Ask how a parJcular 
mechanism would actually 
work (e.g., how do cold things 
“a0ract” hot things) 

•  Focus instrucJon next year on 
concepts missing in student 
thinking (e.g., energy) 

Clarify  
Intended 
Learning 

Elicit  
Evidence 

Act on 
Evidence 

Interpret  
Evidence 

The FormaJve Assessment Process: 
A 3D Example 

Four Kinds of  
Forma8ve Assessment 



10/22/17 

21 

www.8nyurl.com/AssessmentForLearningBrief 
Penuel,	Shephard	&	Davidson	

Data-Driven Decision Making (DDDM) 

Student 1 

Student 2 

Student 3 

Student 4 

Student 5 

Student 6 

Focus on making use of data from interim or 
benchmark assessments closely aligned to state 
standardized tests in order to idenJfy areas in 
need of improvement.  
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Strategy-Focused 

Provide teachers with tools and pracJces they can use 
rouJnely to provide feedback to students and engage 
students more acJvely in their own learning.  

Discussion 
 

How have you used formaJve 
assessment—or seen it used?  
Describe the different models 

you have encountered. 
 

How do they relate to these  
general models? Which parts  
are challenging to implement?  
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3D Cogni*ve Assessment Focused 
on Surfacing the Range of  

Student Thinking 

Cluster Map 
•  Washington State’s 

NGSS assessment is 
based on item clusters 
that assess bundled 
PEs. A PE bundle is 
generally two or three 
related PEs that can be 
used to help explain or 
make sense of a 
scientific phenomenon 

46 
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March 2016 

47 

Different approaches:  
•  Learning 

Progressions 
•  Facets of Reasoning 
 
 

A0end to the social nature of learning and provide 
resources to assess students’ concepts and pracJces 
as they parJcipate in increasingly sophisJcated 
pracJces common to disciplinary experts.  
 

Cogni*ve Forma*ve Assessment 
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Student	Refinement	of	Conceptual	Models	
	“More	sophisMcated	types	of	models	
should	increasingly	be	used	across	the	
grades…	The	quality	of	a	student-
developed	model	will	be	highly	
dependent	on	prior	knowledge	and	
skill	and	also	on	the	student’s	
understanding	of	the	system	being	
modeled,	so	students	should	be	
expected	to	refine	their	models	as	
their	understanding	develops.” 	 		

	 			—	NRC	Framework,	p.	59	

+ Students bring a diverse range of science-related 
ideas to the classroom — more / less producJve 

+ Not all of students’ nonscienJfic thinking should 
be considered a “misconcepJon” or error—some 
ideas are stepping stones to deeper understanding 

+ Facets are “pieces of knowledge” or “conceptual 
models” around a key idea or event related to the 
natural world 

R
P+

The “Facets of Thinking” Perspec8ve  
on Student Learning (Jim Minstrell) 
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Facet Cluster: a grouping of 
producJve and unproducJve 
facets of student ideas that show 
up regularly for a key idea, event, 
or topic.  Includes the explicit 
learning goals in addiJon to 
various reasoning, conceptual, 
and procedural difficulJes 

Sample Facet Cluster:  
Falling Bodies 

(Physics) 

*340  Fall Jme depends upon gravitaJonal 
field strength and inversely upon fluid 
medium resistance 

*341  With no resistance by fluid medium, 
verJcal fall near the earth's surface is at 
nearly constant acceleraJon of 10 m/s2 

342  GravitaJonal pull and mass compensate 
with no accounJng for air resistance. 

343  Greater drag effects compensate for 
greater gravitaJonal pull explaining 
equal acceleraJons. 

344  Medium effects will exist even when 
there is no moJon relaJve to fluid 
medium. 

345  All things fall equally fast regardless of 
medium effects. 

346  VerJcal fall is at a constant velocity of 
10 m/sec. 

348  Heavier will hold back more (fall slower). 
348-1 Larger fall substanJally slower. 
349  Heavier falls faster. 
349-1 Larger falls faster. 

http://STEMteachingtools.org/brief/37	
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Investigate Students’  
Conceptual Change about Light
! Nature of Light
! Behavior of Light
! Optical Instruments
! Vision
! Light Propagation

The “How Far Does Light Go?” 
Debate Project (Bell, 1998, 2004)
! A comparison of two theories:

– Light dies out as you move farther from �
a light source.

– Light goes forever until absorbed.�

!  Student activities:
– Analyze, categorize, and create evidence
– Create argument involving evidence and claims
– Present and discuss their argument in class
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Evidence: Light Over Distance

“What we want to remember about 
this evidence is that eventually, 
light dies out. The farther it goes, 
the less that is there. The light 
spreads out and so it fades away. It 
is brighter at the beginning because 
there is so much light intensity but 
then it fades away. ”

Evidence: Galaxies in the Young Universe

“This evidence supports LDO 
because telescopes look at light 
farther out—before it got to us. It 
died out before it got to us.”
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Sample Student Explanations
!  Telescopes look at light closer to the light source�
“. . . with a telescope you’re seeing farther away. 
So the light would die out eventually because you 
can’t see that, so you have to look farther out to 
get the light that’s farther out because it’s died 
out before it’s got to us.”�

!  Light reaches us from far away stars�
“. . . the light from the far away galaxies travels 
such a long way just to reach our planet.  And who 
knows it probably goes on throughout space.”

Developed Facet Clusters

! Telescope facet cluster:
– focus or magnify the light reaching them
– can be used to see things far away
– make the light bigger
– take you closer; bring stars closer
– look at light closer to source, before it 

dies out
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1.  Adopt a stance of generous interpretaJon as you closely 
read student responses: “Why might an intelligent person 
in this class give this response?” “What do they seem to 
be thinking?” 

2.  Try to get to the “essence” of their thinking (e.g., the 
conceptual model “behind” their response). (You are 
mining intellectual treasures.) 

3.  Think about how you would instrucJonally respond to 
refine student thinking… 

 What do students experienJally or cogniJvely need?  
 Do they need to combine ideas?  

R
P+

How to Iden8fy Facets & Responses… 
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Assessment of Student Thinking
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What we are building today… 
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http://STEMteachingtools.org/brief/33	

Facets Surface Student’s Cultural Lives 
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3D Performance Expectation Bundle
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1.  Get into small unit assessment teams of 4 to 5 people 
2.  Focus on responses to Assessment Ques8ons 1, 2, 5 & 6 
3.  As a group, engage in “round robin” facet analysis of all 

student responses to the subset of items—using “the sJcky 
note method”. Try to a0end to all three dimensions (DCIs, 
SEPs & CCCs) in student’s responses as appropriate.  

4.  Aker you are done, sort responses into a few groups (correct 
plus other incorrect categories)—and give facets names.  

5.  Fill out the rubric on the butcher paper with… 
•  Sample student responses 
•  Facet Name (for a themaJc group) 
•  Concern or AppreciaJon (about what you see) 
•  OpJonal: InstrucJonal Move PossibiliJes 

R
P+

Round 1: Facet Iden8fica8on … 

1.  Focus on responses to Assessment Ques8ons 3, 4, 5 & 6. 
Same process… 

2.  As a group, engage in “round robin” facet analysis of all 
student responses to the subset of items—using “the sJcky 
note method”. Try to a0end to all three dimensions (DCIs, 
SEPs & CCCs) in student’s responses as appropriate.  

3.  Aker you are done, sort responses into a few groups (correct 
plus other incorrect categories)—and give facets names.  

4.  Add new facets to the rubric on the butcher paper with… 
•  Sample student responses 
•  Facet Name (for a themaJc group) 
•  Concern or AppreciaJon (about what you see) 
•  OpJonal: InstrucJonal Move PossibiliJes R

P+

Round 2: Facet Iden8fica8on … 
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1.  There are five different student responses in each packet.  
2.  Focus on student responses to Ques8ons 1, 2, 5 & 6 (about 

their models and explanaJons). Read the quesJons.  
3.  As a group, engage in “round robin” facet analysis of all 

student responses to the subset of items—using “the sJcky 
note method” (but just on a scrap of paper). Try to a0end 
to all three dimensions (DCIs, SEPs & CCCs) in student’s 
responses as appropriate. Look at a few responses.  

4.  Aker you are done, share your idenJfied facets and if you 
have Jme sort responses into a few facet groups (correct 
plus other incorrect categories)—and give facets names.  

5.  Then you would develop your rubric… 
R

P+

Iden8fying facets… 

Group Discussion 
 

What facets (or facet clusters) of student 
thinking did you come up with?  

 
How can you incorporate this kind of 

analysis of student work into your 
teaching?  
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73	

•  Quickly highlight whether or not students have specific 
ideas or models.  

Forced Choice Item �
Focused on Student Understanding

0.0%	 10.0%	 20.0%	 30.0%	 40.0%	 50.0%	 60.0%	

A-Physical	

B-KineMc	Energy	

C-Diff	Substance	

D-Less	Water	

NR	

N = 257 

On-the-fly check-ins… 
•  Conversa8ons with and between students about their 

thinking (individually, small group, whole class, peer 
interacJons) 

Curriculum embedded formal check-ins… 
•  Brief exit 8ckets on student’s conceptual ideas through 

disciplinary pracJces OR learning process 

•  Analysis of student work & performances (e.g., using 
criterion-based rubrics, self-documentaJon) 

•  Short tests of conceptual ideas expressed through 
disciplinary pracJces 

Forma*ve Assessment Formats 
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•  Individual formaJve assessments serve as “check-in 
points” to get feedback on what to do next — to revisit 
the current learning goal, or to move on to the next 
lesson / learning goal 

•  FormaJve assessments should…  
–  be embedded throughout instrucJon 
–  focus on specific learning goals for an instrucJonal 

segment 
–  cover the major learning goals as a set 
–  guide the instrucJonal focus and pace 

Developing Coherent Forma8ve 
Assessment Sequences 

76 

•  According to the research, forma8ve assessments should 
not be graded—but it can be pragmaJcally necessary to 
do so. Teachers should realize that grading impacts how 
students will engage—and try not to grade them 
whenever possible. One strategy is to award points for 
effort.  

•  FormaJve assessments focus on analyzing student 
performances—not on the assessment of individuals 
(White & Frederiksen, 1998).  

•  InterpretaJon of student responses needs to be 
manageable. Scan student responses and select a subset 
of items that give you coverage of the 3D learning 
performance with the most variaJon in student  
thinking.  

How to Conduct Forma*ve Assessment 



10/22/17 

39 

•  It should allow students from non-dominant 
communiJes (e.g., ELLs, students from poverty-
impacted communiJes) to fully engage with the 
task. We should design for them first!  

•  It should involve a compelling phenomena related 
to one or more of the DCIs being assessed—and not 
feel like a test-like task. It should beg for 
explanaJon! Make it more like an anchoring 
phenomena for an awesome, month-long unit.  

•  It should lend itself to a broad range of the science 
and engineering pracJces. 

•  It must be understandable quickly by students.  
For this reason, selecJng everyday situaJons  
can be useful.  

Criteria for Assessment Scenarios 

Assessment scenarios need to be quickly understandable by as 
many students as possible. Oken specific scenarios from 
everyday life are culturally unfamiliar to some students.  

Criteria for Scenarios: An Example 

Revision:  
You’re at a movie in a 
theater. Who do you 
want to sit behind— 
a tall person or a short 
person? Why?  
 
Draw and explain a model 
of what each situaJon 
would look like using 
what you know about 
light and vision.  

Behind a bus, a bike rider cannot see a traffic 
light change colors. What can a bike rider do  to 
avoid running a red light and risk getting hit by 
cars coming the opposite direction? Explain your 
answer using words and a labeled diagram. 

Explanation: 
____________________________________
____________________________________ 
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Cultural Forma*ve Assessment 
Focused on Learner Interests & 

Experiences 

Designed Informal Se:ngs 
(e.g., Allen & Gutwill, 2004; Callanan &  

Jipson, 2001; Rennie & McLafferty, 2002) 

Programs for Young & Old 
(e.g., Halpern, 2002; Noam, et al., 2003;  

Gibson & Chase, 2002) 

STEM Learning Happens Across SeTngs 

Classroom InstrucTon 
(e.g., Barton, et al., 2003; Bell, 2004; Davis, 2003; Linn, 

2006; Newton et al., 1999; Reiser et al., 200x) 

Everyday Se:ngs & Family AcTviTes 
(e.g., Callanan & Oakes, 1992; Crowley &  

Galco, 2001; Goodwin, 2007; Bell et al., 2006) 
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Focus is on ways of knowing, doing, and being that are 
specific to science and other subjects. It presumes that 
students bring to the learning environment important 
knowledge, interests, and experiences from their daily lives 
that teachers must elicit and use to inform instrucJon.  

Cultural Forma*ve Assessment 

“All science learning can be 
understood as a cultural 
accomplishment….What 
counts as learning and what 
types of knowledge are seen 
as important are closely Jed to 
a community’s values and what 
is useful in that community 
context.”  

 — NRC, 2012, p. 284 
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What does “culture” mean?  
•  Culture is not a trait that some people have and 

others do not. We are all cultural beings.  
•  Culture includes the ways in which human beings 

engage and make sense of the world as we 
parJcipate in the everyday acJviJes of our 
communiJes. 

•  Culture reflects socially and historically organized 
ways of living and making sense of life—or what 
might be called “sensemaking repertoires.” 

•  Oken, cultural worlds of youth from non-dominant 
communiJes are viewed from a deficit  
perspecJve—rather than a source of increased 
rigor and relevance.  

What does “culture” mean?  
“By ‘culture,’ we mean the constella8ons of 
prac8ces communiJes have historically 
developed and dynamically shaped in order 
to accomplish the purposes they value, 
including the tools they use, social networks 
with which they are connected, ways they 
organize joint ac8vity, and their ways of 
conceptualizing and engaging with the 
world.”  

      — Nasir, et al., 2014, p. 686 
Ac8vity: Make a list of cultural groups you 
belong to—at work, in your personal life, in 
your communi8es. Describe a few of your 
cultural groups with elbow partners.  
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What does “culture” mean?  
Did you include something about STEM in your 
list of cultural communi8es? All STEM educators 
par8cipate in the cultural endeavor of STEM, 
and we want students to par8cipate as well.  

“In this [cultural] view, learning and development 
can be seen as the acquisiJon throughout the life 
course of diverse repertoires of overlapping, 
complementary or even conflicJng cultural 
pracJces.”  

     — Nasir, et al., 2014, p. 686 

ConstellaMons	of	PracMces	

Values	&	Purposes	

Tools	They	Use	

Social	Networks	

Ways	to	Organize	

Ways	to	Conceptualize	&	Engage	with	the	World	
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What does “culture” mean?  
“Everyday experience provides a 
rich base of knowledge and 
experience to support conceptual 
changes in science.”  
“Everyday contexts and situaJons 
that are important in children’s lives 
not only influence their repertoires 
of prac8ce but also are likely to 
support their development of 
complex cogni8ve skills.”  

–  NRC Framework, 2012, p. 284 

hGp://STEMteachingtools.org/brief/11  
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What does “culture” mean  
in science educa*on?  

•  Cultural specifics related to science may involve:  
–  How students experience, observe, and narrate 

phenomena 

–  To what extent they find scienJfic topics salient or 
interesJng 

–  How familiar they are with design and working through 
failure 

–  How they communicate and how they view elders 

–  Specifically, how they pose quesJons or engage in 
argumentaJve and explanatory talk and wriJng 

Educa*onal Implica*ons of Culture 
“A culturally responsive approach 
to science instrucJon involves the 
recogniJon of community 
pracJces and knowledge as being 
central to the scienJfic endeavor.” 

 —NRC Framework, 2012, p. 285 
Reflec8on: Think of a science 
topic and a community you are 
deeply familiar with. How might 
the community’s sense-making 
prac8ces, knowledge, and 
interests relate to the topic?  
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Known PiZalls When Taking Up 
Culturally Relevant Instruc*on 

When engaging in this work… 
•  Do NOT assume that specific cultural groups 

engage in certain prac:ces (i.e., don’t essen:alize) 
•  Do NOT send the message that the dominant  

culture has no culture (i.e., that it is “normal”) 
•  Do NOT ask students to shoulder the burden of 

represen:ng what “their culture” is like (i.e., no 
individual speaks for their culture, race, or gender) 

•  Do NOT make token references to the history of 
cultural groups; Instead DO interweave cultural 
history, present, and future more deeply into 
instruc:on 

Building on Prior Interest & Iden*ty 

 “Learning science depends not 
only on the accumulaJon of 
facts and concepts but also on 
the development of an idenJty 
as a competent learner of 
science with moJvaJon and 
interest to learn more.”   
    — NRC Framework, p. 287 
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Learning	
Conceptualized	
along	Three	
Dimensions	

—	
Guided	

Development		
of	New	

Educa>onal	
Standards	

Science	&	
Engineering	
PracMces	

Crosscuhng		
Concepts	

Disciplinary	
Core		
Ideas	

Next	Gen	
Science	

Standards	
Standards	take	the	form		

of	performance	expecta;ons	
defined	through	combina;ons	of	

elements	of	the	three	
dimensions	that	progress	across	

grade	levels	

Interest	

IdenMty	

Next	Gen	
Science	

Standards	

Science	&	
Engineering	
PracMces	

Crosscuhng		
Concepts	

Disciplinary	
Core		
Ideas	

Next	Gen	
Science	

Standards	

We	actually	need		
5D	Learning!	

Meaningful	

Learning	

Building on 
Prior Interest �
& Identity of 
Learners is Key
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hGp://STEMteachingtools.org/brief/31 

Building on Prior Interest & Iden*ty 

 “InstrucJon that builds on prior 
interest and idenJty is likely to be 
as important as instrucJon that 
builds on knowledge alone. All 
students can profit from this 
approach, but the benefits are 
parJcularly salient for those who 
would feel disenfranchised or 
disconnected from science should 
instrucJon neglect their personal 
inclinaJons.”    
    — NRC Framework, p. 287 
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Overview of the Micros & Me Curriculum: 
The Microbiology of Human Health 

•  Part 1: Framing around microbiology and community-based health 
prac:ces 
–  Germ simula:on 
–  Community self-documenta:on / interviews 

•  Part 2: Select lessons from original Microworlds kit 
–  Microscope use/magnifica:on 
–  What are cells? 

•  Part 3: Student-led inves:ga:ons into microbiology and health 
–  Micros in the school (sampling and studying microorganisms) 
–  Beneficial micros (yeast fair test, yogurt making) 
–  Handwashing technique fair test 
–  Effec:veness of “green” cleaners fair test 

•  Part 4: Research project and development of Public Service 
Announcement (PSA) 
–  Based on prac:ces documented in student self-documenta:on 
–  Based on scien:fic research  
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Overview of the Micros & Me 
Curriculum: The Microbiology of 

Human Health 
•  Part 1: Set up focus on microbiology and 

community-based health prac:ces 
•  Part 2: Lessons from original Microworlds 

kit 
•  Part 3: Student-led inves:ga:ons into 

microbiology and health 
•  Part 4: Research project and development 

of Public Service Announcement (PSA) 

Surfacing cultural health prac*ces 
through self-documenta*on 

• Use community health pracJces to 
guide instrucJon 
• Self-documentaJon technique used 
to bridge community acJviJes with 
school inquiry and sense-making 
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Making Out-of-School Prac*ces and Interests Visible 
in Classrooms Through Self-Documenta*on 

LIFE • Everyday Science & Technology 
Group http://everydaycognition.org

LIFE • Everyday Science & Technology 
Group http://everydaycognition.org
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Different Ways to Build on Prior 
Interest & Iden8ty In Instruc8on 
 
1. Help Students Establish a New STEM Interest 
2. Engage in Culturally Relevant InstrucJon 
3. Connect to Community Funds of Knowledge 
4. Relate STEM to a Community Endeavor 
5. Help Students Learn about Possible Futures 
 
 
 

AcJvity: 
 

At your tables, analyze the 
student “self-docs.”  

 
Look for interests and everyday 

pracJces that could be 
connected to a ‘microbiology of 

health’ unit.  
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With your neighbors, discuss:  
 
1. One or two interest-driven lesson 
connecJons or invesJgaJons students 
could engage in 
  
2. Whether or not you would want 
students to scienJfically test specific 
family pracJces 
 
3. How you might use the self-doc 
instrucJonal technique in your teaching 

	 	 	 	 	Design	Principles	
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stemteachingtools.org/pd/SessionC 

ACESSE Resource C 
Overview: ParJcipants learn 
how to design formaJve 
assessments that build on 
learners’ interest and experience, 
promoJng equity and social 
jusJce in the process.  

Responsive Classroom Talk: 
Informal Forma*ve Assessment 
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Common Patterns in  
Classroom Talk 

•  Cycles of Initiate, Response, Evaluate (IRE) 
•  Limited wait time 

–  Average: one second 
 
 

T 

S 

S 

S 
S 

S 

S 

S 

S 
S 

Common Patterns in  
Classroom Talk 

–  Learner-Centered Discourse 
–  Extended time 
–  Clear goals & format 

 
 

T 

S 

S 

S 
S 

S 

S 

S 

S 
S 
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Students learn science best by engaging in science and 
engineering prac8ces as part of sustained inves8ga8ons.  
In the process, they make sense of disciplinary core ideas  

and cross-cuBng concepts. 

Assessment as Wayfinding 
Toward Equity 

Diagnostic 
Pre-Test 

Formative 
(e.g., Classroom 

Conversation) 

Summative 

Cultural 
Formative 
Assessment 

Formative 
(e.g., Exit Ticket) 

Formative 
(e.g., Quiz) 
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Why should we consider classroom 
discourse in science? 

 
“In order to process, make sense of, and 

learn from their ideas, observa9ons 
and experiences, students must talk 

about them. (…) 
 

Talk supports students in thinking 
about and ar9cula9ng their ideas. Talk 

can also provide an impetus for 
students to reflect on what they do – 

and do not – understand.”  
 
 
 
 
Thinking about English Learners 

•  These prac:ces are 
expected to be difficult 
for English learners 
(Quinn, Lee, and 
Valdes, 2013)  

•  It is appropriate to get 
them prac:cing in 
every lesson. 
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Share-Trade 
Prompt: Why is classroom talk important? 

1. Write one idea to the prompt on scrap paper. 

2. Find a partner & share ideas, then trade notes. 
No critiquing, just sharing. 

3. Change partners when instructed and repeat 
step 2. But now you have to share your 
previous partners’ idea.  

http://STEMteachingtools.org/brief/48
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http://STEMteachingtools.org/brief/35	
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http://STEMteachingtools.org/brief/27	
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Select Resources Being Translated… 

NAP.edu 

Conclusion:  
 

Working Both the Short and the 
Long-Game Towards Equity 
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1.  Discourses that emphasize increased student 
achievement of science—oken starts (and 
someJmes ends) with access, perhaps ‘sameness’ 

2.  Discourses that problema8ze the privileged 
forms of science—expand ‘what counts as science,’ 
‘who does science,’ ‘when is science’ 

3.  Discourses that focus science learning on  
youth & community purposes—focus 
accountability on areas of personal interest 

4.  Discourses that leverage science in jus8ce 
movements—prioriJzes science as a tool in 
community organizing and social movements 

Adapted from Philip & Azevedo, Science Educa0on, 2017 

Reflec*on: Which Science Ed Equity 
Discourses Do You Engage in?  

Work on Concrete Equity Projects 
That Matter in Your Community
focusing	instrucMon	
on	Indigenous	ways	
of	knowing		

supporMng	all	ELL	
students	

idenMfying	
meaningful	science	
phenomena	

engaging	all	girls	in	
science	

debunking	adverse	
stereotypes	about	
who	can	do	science	

minimizing	social	
injuries	in	the	
classroom	

coordinate	learning	
across	formal	and	
informal	educaMon	

building	capacity	
for	formaMve	
assessment	

expanding	‘what	
counts’	as	science	

And	many	others…	
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stemteachingtools.org/pd/SessionA 

ACESSE Resource A 
Overview: ParJcipants develop a 
basic understanding of how 
formaJve assessment works and 
different approaches that have 
been used in science ed, 
including 3D cogniJve and 
cultural approaches.  

stemteachingtools.org/pd/SessionB 

ACESSE Resource B 
Overview: ParJcipants will 
develop a shared, basic 
understanding of equitable 3D 
formaJve assessment and 
explore tools for revising or 
developing 3D assessment tasks 
that are fair for ELL students.  
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stemteachingtools.org/pd/SessionC 

ACESSE Resource C 
Overview: ParJcipants learn 
how to design formaJve 
assessments that build on 
learners’ interest and experience, 
promoJng equity and social 
jusJce in the process.  

stemteachingtools.org/pd/  

(to be published soon) 

ACESSE Resource D 
Overview: ParJcipants will 
engage in craking 3D learning 
performances and develop 
cogniJve formaJve assessments 
for them. In the process, they 
learn deeply about three 
dimensional learning.  



10/22/17 

65 

Short Course:  
*nyurl.com/3Dassessmentdevelopment 
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We created a collecJon of task formats for the science and 
engineering pracJces that help with the design of assessment 
components—can also guide instrucJon.  

 

Assessment Task Formats for the Prac*ces 

STEMteachingtools.org/brief/30  

Task Formats for Developing & Using Models 
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Prompts for Assessing Cross-CuBng Concepts 

STEMteachingtools.org/brief/41  

Prompts for Assessing Cross-CuBng Concepts 

STEMteachingtools.org/brief/41  
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Small Group Discussion 
 

How can you build capacity for 
formaJve assessment in science 

educaJon in your context? 

We are developing a range of formaJve assessment 
resources… 

•  Overview of formaJve assessment for science (PD 
module) 

•  Analysis of 3D assessment tasks (PD module) 

•  Classroom observaJon protocol for 3D instrucJon 

•  Overview of cultural formaJve assessment (PD module) 

•  InteracJve online course: a coherent sequence of 
learning related to 3D formaJve assessment 

ACESSE Open Educa*on Resources in 
Development 
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Professional Learning Resources �
to Support STEM Ed Improvement

•  Co-designed by educators 
& researchers 

•  Tested & refined over time 
•  Easily shareable—over 

social media, email, paper 

STEMteachingtools.org (web)
@STEMteachtools (twitter)

facebook.com/STEMTeachingTools

3D Forma*ve Assessment Resources 
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On Twitter
@STEMTeachTools

Sign Up for Email Newsletter�
http://STEMteachingtools.org
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The Research + PracTce 
Collaboratory challenges tradiTonal 
forms of educaTonal research to build 
more equitable rela8onships 
between research and prac8ce. 
 
 
  

NSF	funded	collaboraMve	
project	designed	to	bridge	
the	gap	between	educaMonal	
research	and	pracMce	in	
Science,	Technology,	
Engineering,	and	
MathemaMcs	educaMon	
(STEM)	
	

CollaboraMon	of	
pracMMoners,	researchers,	
formal	and	informal	STEM	
educaMon	partners:		
• University	of	Washington:	Sea0le,	
WA		

• Exploratorium:	San	Francisco,	CA;	
• EducaMon	Development	Center:	
Waltham,	MA		

• University	of	Colorado:	Boulder,	CO	
• Inverness	Research:	Inverness,	CA	
• SRI	InternaMonal:	Menlo	Park,	CA	

hdp://researchandprac*ce.org 
 

Help us improve the resource 
 

Please take the following 5 minute 
survey to help the ACESSE team 
improve this resource for others. 

 
h0p://Jnyurl.com/AcesseResourceA  
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Thank you! For more info… 
Related Resources  
•  STEM Teaching Tools 

STEMteachingtools.org        
@STEMTeachTools (Twi0er) 
facebook.com/STEMTeachingTools (Facebook) 
 

•  Advancing Coherence & Equity in Systems of Science 
Educa8on 
@ACESSEproject (Twi0er)  

•  Research+Prac8ce Collaboratory 
researchandprac8ce.org 

Contact Me 
Philip Bell   pbell@uw.edu   @philiplbell (TwiGer) 

This presentaJon was developed through the ACESSE 
project funded by the NaJonal Science FoundaJon (NSF) 
through Award DRL-1561300 and the Research + PracJce 
Collaboratory funded by NSF through DRL-1626365.  
The opinions do not represent those of the funder.  


