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Advancing Coherent and Equitable 
Systems of Science Educa?on (ACESSE) 



stemteachingtools.org/pd/SessionC 

ACESSE Resource C 
Overview: Par1cipants learn 
how to design forma1ve 
assessments that build on 
learners’ interest and experience, 
promo1ng equity and social 
jus1ce in the process.  



Introduce yourself over chat. 
Please include your name, 
school / organiza1on, and one 
hobby that you have engaged 
in for at least 10 years.  





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

SeAngs 
•  text 

STC Food Chemistry Kit 

At school, Brenda routinely fails 
to engage in the practice of 
systematic mixing called for 
during science instruction. 



Bricker & Bell, 2014 But she routinely 
engages in that 
practice at home. 



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-documenta2on / 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 
(informed by student self-documenta2on) 
–  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 prac2ces documented in student self-documenta2on 
–  Based on scien:fic research  

Brenda’s participation shifts in the 
classroom when personal and 
cultural connections are leveraged. 
She discloses her science identity at 
school.  



hKp://STEMteachingtools.org/brief/25    



Sam & Engineering Design 
(Bricker & Bell) 

•  Sam’s leading defini:on for science is “building technology”  
•  He is a consummate designer, builder, and engineer 

•  Sam has a troubled academic iden:ty at school 



Students learn science best by engaging in science and 
engineering prac?ces as part of sustained inves?ga?ons.  
In the process, they come to understand disciplinary core  

ideas and cross-cuTng concepts. 



LIFE • Everyday Science & 
Technology Group

 http://
everydaycognition.org 

The school is in an urban neighborhood near a historical industrial 
section of town with factories and airfields. The community includes 
many first generation immigrant families. One year, students engage 
in a cross-setting environmental science curriculum sequence 
culminating in an engineering design project. (Stromholt & Bell, 2017) 



Designed Informal Se1ngs 
(e.g., Allen & Gutwill, 2004; Callanan &  

Jipson, 2001; Rennie & McLafferty, 2002) 

Out-of-School Programs 
(e.g., Halpern, 2002; Noam, et al., 2003;  

Gibson & Chase, 2002) 

Science Learning Happens Across SeAngs 

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

2006; Newton et al., 1999; Reiser et al., 2008) 

Everyday Se1ngs & Family AcRviRes 
(e.g., Bell et al., 2006; Callanan & Oakes, 1992;  

Crowley & Galco, 2001; Goodwin, 2007) 



Building on Prior Interest & Iden0ty 

 “Learning science depends not 
only on the accumula1on of 
facts and concepts but also on 
the development of an iden1ty 
as a competent learner of 
science with mo1va1on and 
interest to learn more.”   
    — NRC Framework, p. 287 



Building on Prior Interest & Iden0ty 

 “Instruc1on that builds on prior 
interest and iden1ty is likely to be 
as important as instruc1on that 
builds on knowledge alone. All 
students can profit from this 
approach, but the benefits are 
par1cularly salient for those who 
would feel disenfranchised or 
disconnected from science should 
instruc1on neglect their personal 
inclina1ons.”    
    — NRC Framework, p. 287 



“A major goal for science 
educa1on should be to provide 
all students with the 
background to systema1cally 
inves1gate issues related to 
their personal and community 
priori1es.”  

 — NRC, 2012, p. 278 

Make Deep Community Connec0ons 



Science	&	
Engineering	
Prac-ces	

Crosscu2ng		
Concepts	

Disciplinary	
Core		
Ideas	

Next	Gen	
Science	

Standards	

3D Learning is 
Powerful 

Students learn to 
‘figure out’ how to 
explain and model 
phenomena—and 
design solu,ons 



Interest	

Iden-ty	

Next	Gen	
Science	

Standards	

Science	&	
Engineering	
Prac-ces	

Crosscu2ng		
Concepts	

Disciplinary	
Core		
Ideas	

Next	Gen	
Science	

Standards	

For Meaningful 
Experiences 

Building on 
Learners’ Prior 
Interest & 
Iden,ty is Key 

We actually need  
5D Learning! 



Different Forma0ve Assessment Interven0on 
Models (Penuel & Shepard) 

Data-Driven Decision-Making  Strategy-Focused 
 
 
 
 
 
 

Cogni?ve     Cultural 

Student 1 

Student 2 

Student 3 

Student 4 



Science Learning as a  
Cultural Process 



Dimensions of Equitable Science Instruc0on 
from NRC Framework Chapter 11 

 
•  Equalizing opportuni1es to learn 

•  Inclusive science instruc1on 
–  Science learning as cultural 

accomplishment 
–  Rela1ng youth discourses to  

scien1fic discourses 
–  Building on prior interest & iden1ty 
–  Leveraging students’ cultural  

funds of knowledge 

•  Making diversity visible 

•  Value mul1ple modes of expression  



Dimensions of Equitable Science Instruc0on 
from NRC Framework Chapter 11 

 
•  Equalizing opportuni?es to learn 

•  Inclusive science instruc?on 
–  Science learning as cultural 

accomplishment 
–  Rela1ng youth discourses to  

scien1fic discourses 
–  Building on prior interest & iden?ty 
–  Leveraging students’ cultural  

funds of knowledge 

•  Making diversity visible 

•  Value mul1ple modes of expression  





 
Equity-oriented STEM educa1on must 

promote a righYul presence for all 
students across the scales of jus1ce.  

— Calabrese Barton 
 

Progress frequently involves de-seKling 
systems associated with historical 

inequi1es (Bang, et al., 2012) — while 
imagining and resourcing expansive 

cultural learning pathways  
(Bell, et al., 2012).  



“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 1ed to 
a community’s values and what 
is useful in that community 
context.”  

 — NRC, 2012, p. 284 



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 
par1cipate in the everyday ac1vi1es of our 
communi1es. 

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

•  Oden, cultural worlds of youth from non-dominant 
communi1es are viewed from a deficit  
perspec1ve—rather than a source of increased 
rigor and relevance.  



What does “culture” mean?  
“By ‘culture,’ we mean the constella?ons of 
prac?ces communi1es 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 ac?vity, and their ways of 
conceptualizing and engaging with the 
world.”  

      — Nasir, et al., 2014, p. 686 
Ac?vity: Make a list of cultural groups you 
belong to—at work, in your personal life, 
online. Post a few of your cultural 
communi?es to the chat (e.g., go hiking).  



What does “culture” mean?  
Did you include something about science in your list 
of cultural communi?es? All science educators 
par?cipate in the cultural endeavor of science, and 
we want students to par?cipate in it as well.  

“In this [cultural] view, learning and development can 
be seen as the acquisi1on throughout the life course 
of diverse repertoires of overlapping, complementary 
or even conflic1ng cultural prac1ces.”  

     — Nasir, et al., 2014, p. 686 

The cultural prac?ces we need to aKend to most are 
those used to make sense of the natural world. 
Learning in this view means shi4s in par?cipa?on. 



What does “culture” mean  
in science educa0on?  

•  Cultural specifics related to science may involve:  
–  To what extent they find scien1fic topics salient or interes1ng 

–  How students experience, observe, and narrate phenomena 

–  How familiar they are with design and working through failure 
–  How they communicate and how they engage with elders 

–  How they pose ques1ons or engage in argumenta1ve and 
explanatory talk and wri1ng 

•  Cultural diversity benefits science, and it benefits  
science learning. Research shows it is crucial to 
approach the different cultural ways of knowing  
that youth bring to science learning from as an  
asset perspec1ve (NRC Framework, 2012). 



hKp://STEMteachingtools.org/brief/11   



What does “culture” mean?  
“Everyday experience provides a 
rich base of knowledge and 
experience to support conceptual 
changes in science.”  
“Everyday contexts and situa1ons 
that are important in children’s lives 
not only influence their repertoires 
of prac?ce but also are likely to 
support their development of 
complex cogni?ve skills.”  

–  NRC Framework, 2012, p. 284 



Educa0onal Implica0ons of Culture 
“A culturally responsive approach 
to science instruc1on involves the 
recogni1on of community 
prac1ces and knowledge as being 
central to the scien1fic endeavor.” 

 —NRC Framework, 2012, p. 285 
Ac?vity: Think of a science topic 
and a community you are deeply 
familiar with. How might the 
community’s sense-making 
prac?ces, knowledge, and 
interests help frame the topic?  



http://STEMteachingtools.org/ (Coming Soon!)



Known Pi[alls When Taking Up 
Culturally Relevant Instruc0on 

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 

•  AVOID the epistemic injury of students 



Cultural Forma0ve Assessment 
Focused on Learner Interests & 

Experiences 



Cultural forma0ve assessment can be 
used to support equity & social jus0ce  

How can science instruc?on…  
•  be inclusive to the interests and goals of all students and 

their communi?es?  
•  connect the science students learn in class to experiences 

outside the classroom—in personally or culturally relevant 
ways?   

•  build on student’s experiences with natural phenomena?  
•  make connec?ons between everyday and disciplinary 

knowledge, discourse, and ways of knowing?  
•  help students leverage or extend personal iden??es in 

rela?on to science? 



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 instruc1on.  

Cultural Forma0ve Assessment 



Building on Prior Interest & Iden0ty 

 “Students are likely to bring 
diverse interests and experiences 
to the classroom from their 
families and cultural communi:es. 
A poten:al focus of classroom 
assessment at the outset of 
instruc:on is to elicit students’ 
interests and experiences that may 
be relevant to the goals for 
instruc:on.”   
    — NRC, p. 127 



hKp://STEMteachingtools.org/brief/31 



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-documenta2on / 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 
(informed by student self-documenta2on) 
–  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 prac2ces documented in student self-documenta2on 
–  Based on scien:fic research  



Surfacing cultural health prac0ces 
through self-documenta0on (Tzou & Bell, 2006) 

• Used community health prac1ces to 
guide instruc1on 
• Self-documenta1on technique used 
to bridge community ac1vi1es with 
school inquiry and sense-making 



Making Out-of-School Prac0ces and Interests Visible 
in Classrooms Through Self-Documenta0on 

!



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



Ac?vity: As I show the next few slides, 
analyze the student “self-docs.” Look for 
interests and everyday prac?ces that could 
be connected to a ‘microbiology of health’ 
unit.  
 

Try to iden?fy:  
1. One or two interest-driven lesson 
connec1ons or inves1ga1ons students could 
engage in 
 

2. Whether or not you would want students 
to scien1fically test specific family prac1ces 











Designing Cultural  
Forma0ve Assessments: 

Overlapping Curriculum with the 
Lives of Students 



Designing a Self-Doc Assessment 
1.  Think about a self-doc task you could use for a 

specific purpose. Here are some sample prompts:  
–  Culturally Relevant Instruc?on: What are the things you 

and your family do to stay healthy? 

–  Cultural Sources or “Funds” of Knowledge: Which 
groups or individuals in our community engage in 
systema1c design? What do they design?  

–  Rela?ng Science to a Community Project: What 
environmental challenges are faced by your community?  

2.  Select the purpose for the self-doc and drad a 
prompt for your self-doc task.  

3.  Share your drad with colleagues, review their 
feedback, and revise it.  



Other self-documenta?on ideas:  
 

1. Ask students share their interests, passions, 
hobbies & areas of exper1se with you 
 

2. Ask students to map scien1fic ideas to 
‘everyday instances’ in their cultural worlds 
(e.g., Where do you see erosion and 
deposi1on in your community? Where do you 
see Newton’s second law in your life?) 
 

3. As students to document what they find to 
be interes1ng in their science inves1ga1ons, 
fieldtrips, or guest presenta1on?  



•  Self-documenta?on: pictures, videos, 
descrip1ons of everyday life 

•  Periodic surveys: to surface instruc1on-related 
interests and life experiences to leverage 

•  Exit ?ckets about engagement and learning: 
self-assessment surveys embedded within a 
lesson about student engagement, sense-
making, affect, interests & experiences 

•  Conversa?ons: provide 1me and facilita1on 
for students to make connec1ons to daily  
life 

 

Suggested Formats for  
Cultural Forma0ve Assessment 



What might you ask students to do to 
help you bridge their everyday lives and  
classroom experiences?  
 
Think about a specific piece of instruc1on 
that you want to make more culturally 
relevant—then consider which of the 
following goals you have for that 
instruc1on... 



Goal: Establishing a New Interest 
 
Are you trying to help students develop a 
new interest in a science-related topic, 
phenomena, idea, or prac?ce?  
 
If so, highlight the relevant aspect of 
science and discuss related details with 
students. Use an exit 1cket to iden1fy 
which students want to learn more about 
it—and provide them with follow-on 
learning resources.  



Goal: Culturally Relevant Instruc?on 
 
Are you trying to connect instruc?on to 
student’s interests, hobbies, experiences, 
or exper?se? Or to the prac?ces and 
goals of their community?   
 
If so, use self-documenta1on or an 
interest survey to draw out learning assets 
that can be related to instruc1on. You may 
iden1fy phenomena students can 
inves1gate—or you may want to iden1fy 
students who have relevant exper1se to 
serve as “co-teachers.” 



Goal: Connec?ng to Cultural Sources, or 
“Funds” of Knowledge 
 
Are you trying to connect instruc?on to 
the interests, concerns, experiences, or 
exper?se of the community?  
 
If so, use self-documenta1on or student 
interviewing of community members to 
surface these learning assets. You may 
iden1fy phenomena students can 
inves1gate with community members.  



Goal: Rela?ng Science to a Community 
Project 
 
Are you trying to help students see how 
scien?fic knowledge can inform a 
community endeavor?  
 
If so, use self-documenta1on to iden1fy 
actual community connec1ons and focus 
an “ac1on project” on researching and 
communica1ng with the community about 
the topic.  



Goal: Learning about Possible Futures 
 
Are you trying to help students learn how 
instruc?on connects to a possible future 
they might find desirable?  
 
If so, help them see how the science 
knowledge and prac1ces relate to social 
endeavors in the world, get them to 
express their interests, and resource them 
as possible. Support students using 
produc6ve iden6ty archetypes that help 
them build towards desired possible 
futures.  



http://STEMteachingtools.org/brief/42 
http://STEMteachingtools.org/brief/28  �

	

With NGSS / Framework there are different 
instructional uses for natural phenomena: 
"  Anchoring Phenomena  

frame curriculum units 
"  Investigative Phenomena  

focus student investigations  
& sense-making 

"  Everyday Phenomena  
make personally and  
culturally relevant  
connections 



Reflec0on & Wrap Up 



Reflec,ng back… 
 
“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 1ed to 
a community’s values and what 
is useful in that community 
context.”  

 — NRC, 2012, p. 284 



1.  Emphasize increased student achievement of 
science—oden starts (and some1mes ends) with 
access, perhaps assumes ‘sameness’ 

2.  Problema?ze the privileged forms of science—
work to expand what counts as science, who does 
science, when is science 

3.  Focus science learning on youth & community 
purposes—youth & community agency is centered; 
accountability shids to personal & community goals 

4.  Leverage science in jus?ce movements—
priori1zes science as a tool in community  
organizing and social movements 

 Adapted from Philip & Azevedo, Science Educa,on, 2017 

Broad Science Educa0on Equity  
Goals to Work Towards  



Professional Learning Resources �
to Support NGSS Implementation

•  Co-designed by 
practitioners & researchers 

•  Tested & refined over time 
•  Easily shareable—over 

social media, email, paper 

STEMteachingtools.org
@STEMteachtools (Twitter)

facebook.com/STEMTeachingTools



hKps://?nyurl.com/STT-Retweet-2018  



Help us improve the resource 
 

Please take this brief survey to help 
the ACESSE team improve this 

resource for others… 
 

hqp://1nyurl.com/AcesseResourceC   



Thank you! For more info… 
Relevant Resources  
•  STEM Teaching Tools 

STEMteachingtools.org (web site)        
@STEMTeachTools (twiqer) 
STEMTeachingTools  (Facebook) 
STEMteachingtools.org/newsleKer (newsleqer sign-up) 

•  Other ACESSE PD Modules on Forma?ve Assessment 
STEMteachingtools.org/PD 

Contact Me 
Philip Bell   pbell@uw.edu  @philiplbell 

This resource was developed through the ACESSE project 
funded by the Na1onal Science Founda1on (NSF) through 
Award DRL-1561300 and the Research + Prac1ce 
Collaboratory funded by NSF through DRL-1626365.  
The opinions do not represent those of the funder.  



Back Pocket Slides 



 
Three principles towards more  

equitable learning in science  
 

Principle	1:	No.ce	sense-making	repertoires.	Consider	students’	
diverse	sense-making	as	connec-ng	to	science	prac-ces.	

Principle	2:	Support	sense-making.	Support	students	to	use	their	
sense-making	repertoires	and	experiences	as	cri-cal	tools	in	

engaging	with	science	prac-ces.	

Principle	3:	Engage	diverse	sense-making.	Students’	scien-fic	
prac-ces	and	knowledge	are	always	developing	and		their	

community	histories,	values,	and	prac-ces	contribute	to	scien-fic	
understanding	and	problem	solving.	

From: Bang, Brown, Calabrese Barton, Rosebery & Warren, Toward more 
equitable learning in science, In Helping students make sense of the world 
using next generation science and engineering practices, NSTA.  



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

suppor-ng	ELL	
students	(e.g.,	with	
translanguaging)		

iden-fying	
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	educa-on	

building	capacity	
for	forma-ve	
assessment	

expanding	‘what	
counts’	as	science	

And	many	others…	that	might	
make	sense	in	your	context.		



On Twitter
@STEMTeachTools



Signing Up for Our Newsletter
http://stemteachingtools.org/newsletter  



Currently Translating Select STTs… 

NAP.edu 



stemteachingtools.org/pd/SessionA 

ACESSE Resource A 
Overview: Par1cipants develop a 
basic understanding of how 
forma1ve assessment works and 
different approaches that have 
been used in science ed, 
including 3D cogni1ve and 
cultural approaches.  



stemteachingtools.org/pd/SessionB 

ACESSE Resource B 
Overview: Par1cipants will 
develop a shared, basic 
understanding of equitable 3D 
forma1ve assessment and 
explore tools for revising or 
developing 3D assessment tasks 
that are fair for ELL students.  



stemteachingtools.org/pd/SessionC 

ACESSE Resource C 
Overview: Par1cipants learn 
how to design forma1ve 
assessments that build on 
learners’ interest and experience, 
promo1ng equity and social 
jus1ce in the process.  



stemteachingtools.org/pd/SessionD  

(Brand New!) 

ACESSE Resource D 
Overview: Par1cipants will 
engage in crading 3D learning 
performances and develop 
cogni1ve forma1ve assessments 
for them. In the process, they 
learn deeply about three 
dimensional learning.  


