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Smartness and Belonging in STEM are Linked

“I'ma drop the class, | think... Yeah please, | think
science isn’t for me. Like, | just don’t feel smart
enough to continue.”

-Kristina
3 weeks into the semester



“Some of these students just don’t deserve to be here.”

“You're going to fail because you don’t belong here.”

“Can you believe that my students don’t know this?”

-Faculty at our institutions



Messages About Smartness Exclude Most Students
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Leslie et al., 2015; Leonardo & Broderick, 2011; Nasir, Snyder, Carlone, 2004: Carlone et al., 2011

Shah & Ross, 2012; McGee & Martin, 2011



Science Taught in Classrooms is Incongruent with
Science as it's Practiced

Carlone, 2004; Redish & Hammer, 2009 ; Sevian & Talanquer, 2014; Talanquer, 2015 [

School Science

Discrete body of facts and
problem solving methods

Content available to
memorize

Static

Individualized learning

Science as Practiced

Developing explanatory
models

Set of practices

Interactive, messy, creative
process

Collective sense-making

Potential for more inclusive meanings of science.
(Rosemond, S.N. et al. 2020)




Big Question

How can we change the way we teach to

® support new meanings about who counts and what counts
as good at science

® develop all of our students as scientific thinkers

® support rich learning, maintain a pace, and achieve
established learning outcomes



More than just group work:

Design Principles of a Group-Worthy Data Task

Invite students to do science as they
investigate a big question using data.

Include multiple entry points, offering lots
of way to participate.

Hold students accountable to thinking
together.

Offer multiple opportunities for students to
see themselves as competent scientific
thinkers.

Involve shared experiences grounded in the

natural worid.

Why do some solutions conduct
electricity and others do not?

Formic acid (sting from some ants)
Solution 4: 0.010 M HCOOH

M,

: = ou* THcOO

Formula Molarity Bonding Lightbulb

NaCl(ag) | 0.010 M ionic lights

HCl(aq) 0.010 M covalent lights



Experience a Data Task

® Do the task with your group

® Reflect on the Design Principles as they show up




g DATA TASK h

Electrolytes

Why do some solutions conduct electricity, while others
do not? What's happening at the molecular level?

\ /

Your Task: Your team will use the Particulate
Views of Solution Cards to write arule that £
accounts for how strongly a solution will conduct ‘gm

OOOOOOOO
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electricity at the molecular level.

© Chem 108. DVC. Fall 2020



The solvent is water for all solutions

dissolves

NaCl dissolves and
dissociates into

Nat*and CI-

CgH 1,04 dissolves
- and stays intact

Sodium chloride (table salt)
Solution 7: 0.005 M NaCl

Sucrose (sugar)
Solution 8: 0.010 M Cy2H2,044
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Concentration

Highest concentration

lowest concentration

salt

sugar

Sodium chloride (table salt)
Solution &: 0.010 M NaCl

Sodium chionde (table salt)
Salutien 7: 10,005 M NaCl
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Solution 7: 0.003 M NaCl
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Sucrose (sugar)
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Solution 8: 0.010 M CyaH2:0 4
O o =
o o O

O
O )

; o

O CrHznOyy

ONa+ 0OCr
Sucrose (sugar)
Solution 9: 0.005 M C:H304:
2 o
O
L)
9
i O
L — O CuHuOn

15; O

O CyaHgOn

© Chem 108. DVC. Fall 2020



Solution Cards — Pay Attention to the Key

Sodium hydroxide (drain cleaner)
Solution 12: 0.010 M NaCH

12
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Formic acid (sting from some ants)

Solution 4: 0.010 M HCOOH
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Sodium chloride (table salt)
Solution 7: 0.005 M NaCl
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Acetic acid (vinegar)
Solution 5: 0.010 M CH,COOH
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Solution Cards

Sodium hydroxide (drain cleaner) Acetic acid (vinegar)
Solution 12: 0.010 M NaOH Solution 5: 0.010 M CH,COOH
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These numbers do not mean anything. Ignore them. ©
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Watch this video

Record your observations in the table on
your student note sheet

© Chem 108. DVC. Fall 2020


https://youtu.be/4WillWjxRWw?si=F0fkPgoJmkZWJwiT

Smart Things

Interpret symbolic and visual representations of solutions.
Recognize patterns and relationships in data

Determine which variables are most important

Keep track of amounts

Imagine how changes at the atomic level would translate to macroscopic
observations.

Wonder aloud about what you’re noticing or wondering about

Ask questions about data
© Chem 108. DVC. Fall 2020



Reflect

What features of this task allowed for
different ways of “being smart”?



Foundations for our design principles: Complex Instruction

One-dimensional tasks Group-worthy tasks
reading, writing, and calculating ® authentic problems
same skills required from all students ® multiple intellectual abilities needed
uniform success for some students and ® more students contribute to group effort
uniform failure for others ® more students recognized as intellectually
® students see each other as “smart” or competent

“not smart” ) )
When a teacher publicly recognizes a student’s

intellectual competence and its relevance to
completing a task, they actively alleviate the
status problems that often develop with one-

Students create a rigid status order in the
classroom that affects participation and

learning.
dimensional tasks.


https://drive.google.com/file/d/1hf6cxeMX_4fNrWkPMU8tYXZLAfxDqW0k/view?usp=sharing

Doing this in YOUR classroom: how to create a data task

® Choose a big idea from your course that is worthy of discussion.

O Turn it into a question
® Develop an activity focused around the big idea that invites a wide
array of practices and skills from students.
O Create visuals that let students see patterns (i.e. pictures, tables,
graphs, online simulations, data on cards)
O Ask students to generalize the patterns into a rule
O  Ask students to apply or predict
® Check your activity for the Design Principles



More than just group work:

Design Principles of a Group-Worthy Data Task

Invite students to do science as they
investigate a big question using data.

Include multiple entry points, offering lots
of way to participate.

Hold students accountable to thinking
together.

Offer multiple opportunities for students to
see themselves as competent scientific
thinkers.

Involve shared experiences grounded in the

natural worid.

Why do some solutions conduct
electricity and others do not?

Formic acid (sting from some ants)
Solution 4: 0.010 M HCOOH

M,

: = ou* THcOO

Formula Molarity Bonding Lightbulb

NaCl(ag) | 0.010 M ionic lights

HCl(aq) 0.010 M covalent lights



Scientific thinking and learning practices

Collaboration Intellectual Courage Diligent Skepticism

® Ask fOF,O[’ about other ®  Take risks - be willing to ®  Look for patterns ®  Ask questions about data
people'sideas Sgenrolflggisntgh?itghmtlght end ®  Connect back to (hame ®  Test out your rule after you
®  Build on each other’s specific concepts you write it - does it help you make
questions ®  Think out loud about what generated in a prior class) predictions about chemical
) o & . P
®  Rearticulate other people’s Ve e eElE o ®  Make connections across RSP

wondering about.

thinking in your own words representations ®  Consider multiple possibilities
° .
®  Justify your ideas in ways e Lot of [z ®  Consider relationships ®  Check that your argument
other people can follow. ° sk lots of questions etween variables and data includes: 1) a claim,
th I foll Ask lots of ti bet iabl d dat includes: 1) a claim, 2)
® Ask each other for evidence ®  Make predictions before e fggiggicﬁé& 3) chemical
and/or reasoning you do experiment ® |magine how changes at the
. .. atomic level would translate |®  Challenge ideas and
® Use questions on the task card ®  Be open to revising your the to macroscopic level e
to keep moving the team’s ideas
thinking forward ®  Keep relating back to ®  Reflect on the limitations of
. . question of the day to guide your model
®  Organize many pieces of

your thinking ®  Consider when it would be

®  Synthesize information from appropriate to apply one
varied sources method over another.

information clearly




Reflections from students

Shifts away from...

® | ack of confidence

® Chemistry is gibberish and doesn’t make
sense

® Chemistry is exclusive

® Chemistry is only math and problem solving



Reflections from students

Shifts toward...

® Seeing anyone can do science
O “I’'ve always believed that some people have a STEM brain...It wasn’t ‘| understand
this perfectly and I’'m so smart and better than you.” We would work together to
understand the reasoning.”
® Seeing self as capable

O “...not just proud but enabled. This class has given me so much confidence.”
® Valuing collaboration and intellectual risk-taking
O  “Once I realized that a pillar of chemistry was asking questions, for some not-so-odd
reason, | felt good about asking a question instead of feeling embarrassed.”
O “..working together is important and pretty much necessary to doing chemistry.”
o “..offering my ideas even when they were wrong and bouncing back from setbacks.”



Success rates for introductory chemistry students at DVC taught by the
same instructor

Hispanic students

n=82

African American
students

Financial aid recipients

n=142

emale students n= 132
All students ni= 305
n=218

0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00% 80.00% 90.00% 100.00%

W Before data tasks M After data tasks



Table 3. GPA Data from Introductory Chemistry at SSU from

2019—-2020
Semester
Spring Spring
Parameter 2019 Fall 2019 2020

Total Students, N 30 31 27
USM” GPA® Gap, GPA units 0.21 0.07 ~0.76
USM? Students, N 15 10 10
NUSM¢ Students, N 25 21 17
USM” GPAS, GPA units 1.93 2.03 2.81
NUSM? GPA, GPA units 2.14 2.10 2.0
DFWF rate for USM” Students, % 33 30 20
DFWF® rate for NUSM? Students, % 40 24 30

“See ref 4. PUSM, underserved minority student. “GPA is the grade-
point average on a scale of 0—4. dNUSM, nonunderserved minority
student. “DFW indicates a final course grade of “D” (GPA = 1.0), “F”
(or “fail”, GPA = 0), or Withdrawn from the course.

https://pubs.acs.org/doi/full/10.1021/acs.jchemed.1c00366



Take-home ideas and tools

* Belonging in our disciplines in ® We need to shift our pedagogy to
based on a narrow set of criteria reflect the complexity and
that is incongruent with discipline messiness of disciplinary practice
practice ® Group-worthy data tasks can help
® We need to help students achieve these shifts and goals
recognize and develop skills and ® Design principles
strengths they already have that ® Scientific thinking and learning
apply to discipline practice practices

® Academic Language Proficiency



Contact + Q&A

We’re happy to answer any questions y all might have!

* Carmen: Carmen.Works@humboldt.edu
* Paul: pdaubenmire@marin.edu
* Cory: cantonakos@dvc.edu

GHEME—:

Course materials: e

=

* Canvas Commons, search “Chemavengers” 8 3
* Website: www.chemavengers.com 8 EVENGERS

There are 6.022 x 10 23ways to be good at chemistry


mailto:Chemavengers101@gmail.com
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