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Background on my BCSER

Purpose: Build foundational knowledge on how a culturally 
responsive gamified activities support migratory students’ 
exposure to engineering, foster engineering identity 
development, cultivate a critical agentic perspective, and promote 
engineering career pathways. 

Project started 
2022

Issued 1 year no 
cost extension

Requested 2nd no 
cost extension



America’s Invisible High School Youth

Children whose parent(s) are migratory agricultural 
workers and live a mobile lifestyle.

STEM opportunities should not be denied to these students 

Due to the mobile lifestyle of agrarian work

• high levels of interrupted schooling, 

• falling behind in their school’s curriculum, 

• their family’s income is below the federal poverty 
level, 

• Many are English Learners, etc.



America’s Invisible High School Youth

• ~10,000 migratory students in Arizona

• Only 7% of Arizona migratory students receive 
support and enrichment services during the 
summer months 

• Project created due to lack of culturally 
responsive, engineering-focused activities 
centered on the unique lived experiences 
of migratory students. 



Infusing Gamification & Culturally Responsive 
instruction to teach students about the 
engineering design process meaningfully bridge 

students’ home experiences 

and school lives 

developing their academic 

competence, self-efficacy, 

courage, and agency to 

take action

Enable students to 

become social critics 

capable of making 

thoughtful decisions

Develop the whole child by 

recognizing, empowering, 

and validating their cultural 

identities
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90-minute online activity learning how 
to use the engineering design process

Engineering design 

process

Comic book 

maker:

Interactive learning 

features:

1. 
Problem 
Scoping

4. Evaluate4. Evaluate

2. Brainstorming

3. Prototype, 

Build, Test



Two-Part Activity

1. Culturally 
Responsive Gamified 

Storyline

2. Building a physical 
system
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2. Building a physical 
system





BCSER Project 

Designing an Equitable Approach to 

Multiplicative Reasoning through Dynamic 
Measurement for Area

COLLEGE OF SCIENCE AND MATHEMATICS

Nicole Panorkou

Professor of Mathematics Education

panorkoun@montclair.edu



• Math Educator in the Math department

• Living in New Jersey

• First sole PI on an NSF grant

• BCSER duration: Sept 2023 → Aug 2026 → Extended to Aug 2027

• Current BCSER team: 3 doctoral assistants, 1 postdoc

• When I applied for BCSER I was an associate professor

• First time mom!

Context

COLLEGE OF SCIENCE AND MATHEMATICS



Current State of Multiplicative Reasoning

Prior Research

COLLEGE OF SCIENCE AND MATHEMATICS

3 , times , 5

3 ×  5

6 , times , 5

6 ×  5

12 , times , 5

12 ×  5



Prior Research

COLLEGE OF SCIENCE AND MATHEMATICS

Current State of Multiplicative Reasoning

Students rely on counting Models break at scale



Prior Research

COLLEGE OF SCIENCE AND MATHEMATICS

Dynamic Measurement & Multiplicative Reasoning



Prior Research

COLLEGE OF SCIENCE AND MATHEMATICS

Dynamic Measurement & Multiplicative Reasoning



Extending this line of work

COLLEGE OF SCIENCE AND MATHEMATICS



New: Multiplicative Reasoning

(1) How can students' DYME-A reasoning support their development 

of multiplicative reasoning? 

New: Equity in Math Education with a focus on equitable designs

(2) What type of an intervention design for DYME-A can reach a more 

diverse population of students and broaden its impact? 

(3) How may the design experiment methodology be informed by 

equity research to engineer more equitable designs and theories?

New Research Capacity - BCSER 

COLLEGE OF SCIENCE AND MATHEMATICS



(a) delving deeper into the multiplicative reasoning literature to describe 
the interplay with DYME-A, and 

(b) problematizing the current use of design experiment methodology and 
finding ways to merge established methods used in equity research to 
engineer more equitable designs and theories. 

Professional Development

COLLEGE OF SCIENCE AND MATHEMATICS



• Two mentors: (a) multiplicative reasoning and (b) design experiments

• Advisory board: Three focusing on equity

   Engaging Students of Color in Participatory Design Research 

   Teaching mathematics for social justice 

   Experiences of Latinx students’ learning of mathematics 

• Conferences

• Reading. Lots of reading!

Professional Development Plan

COLLEGE OF SCIENCE AND MATHEMATICS



Task Design

COLLEGE OF SCIENCE AND MATHEMATICS



Research Design

COLLEGE OF SCIENCE AND MATHEMATICS



10 students

4th grade

10 students

3rd grade

Here

COLLEGE OF SCIENCE AND MATHEMATICS



2023 – 2024: Task Design (Merged)

2024 – 2025: DE & Ongoing Analysis, co-design with teachers and students

2025 – 2026: Retrospective Analysis using three different lenses (reasoning,     

  embodied actions, co-design)

Next steps:

• Modest scale in a classroom

• More analysis

• Dissemination

Current State of the Project

COLLEGE OF SCIENCE AND MATHEMATICS



✓ Research is a dynamic process.

✓ My idea will evolve and transform as the research unfolds. 

✓ New ideas will emerge through the process

✓ Embrace the unexpected as opportunities for growth and future discovery! 

Lesson Learned

COLLEGE OF SCIENCE AND MATHEMATICS



Nicole Panorkou

panorkoun@Montclair.edu

Looking forward to your questions!

COLLEGE OF SCIENCE AND MATHEMATICS



How BCSER Catalyzed a Program on 

Epistemological Messaging

University of Wisconsin – Madison

Ryan Stowe

rstowe@chem.wisc.edu

stowe.chem.wisc.edu



The Team

DUE 2225025

DRL 2003680

DUE 2452886

Collaborators

Mary Beth Anzovino Nicole Becker

Leema Berland  Anna Bierbrauer

Amanda Buchberger Andy Elby 

Aubrey Ellison  Brian Esselman 

Nicole Graulich  Nick Hill

Pete Jaeger  Katie Kirchgasler

Jeff Martell  Rosemary Russ

Noah Weeth Feinstein  

   

Alumni

Kimberly DeGlopper (Ph.D.)

Cara Schwarz (Ph.D.)

Megan Deshaye (M.S.)

Tom Kuborn (M.S.)

Vanessa Rosa (postdoc)

Adam Schafer (postdoc)



Why should students take chemistry classes?

Chemistry knowledge and practices are useful in daily life

Useful in daily life: “help people solve personally meaningful 
problems in their lives, directly affect their material and social 

circumstances, shape their behavior, and inform their most significant 
and practical political decisions” (Feinstein, 2011, p 169)

Feinstein, N. (2011). Salvaging science literacy. Science Education, 95(1), 168–185. 



Constructing Knowledge in Daily Life

When you use a gas stove, it emits 

poisonous gases called nitrogen 

oxides, including nitrogen dioxide, a 

respiratory irritant thought to trigger 

asthma.

Blum, D. (2023, January 14). Gas Stoves Are Tied to Health Concerns. Here’s How to Lower Your 

Risk. The New York Times.  https://www.nytimes.com/2023/01/11/well/live/gas-stoves-health-

risks.html



Constructing Knowledge in Daily Life

A study published last year found that 

families who use gas stoves in homes 

with poor ventilation, or without range 

hoods, can blow past the national 

standards for safe hourly indoor 

explores to nitrogen oxides within just 

a few minutes

Blum, D. (2023, January 14). Gas Stoves Are Tied to Health Concerns. Here’s How to Lower Your 

Risk. The New York Times.  https://www.nytimes.com/2023/01/11/well/live/gas-stoves-health-

risks.html



Constructing Knowledge in Daily Life

Singer, B.C., Pass, R.Z., Delp, W.W., Lorenzetti, D.M., & Maddalena, R.L. (2017). Pollutant concentrations and emission rates from natural gas 

cooking burners without and with range hood exhaust in nine California homes. Building and Environment, 122, 215-229. 



Constructing Knowledge in Daily Life



Should I be 

worried about 

my stove?

PV=nRT

𝑃 +
𝑎𝑛2

𝑉2
𝑉 − 𝑛𝑏 = 𝑛𝑅𝑇

𝑝 =
𝑅𝑇

𝑉𝑚 − 𝑏
−

𝑎

𝑇𝑉𝑚(𝑉𝑚 + 𝑏)

NO2 has pi bonding 

interactions

Molecules interact 

via elastic collisions

Average KE of a gas 

depends on temp

Stuff spreads out 

when it moves into a 

new area

If stuff has nowhere 

to go, it will build up 

in one area

Gas stoves work by 

emitting gas 

molecules via the 

flames

Some gases are 

good for me and 

some gases are bad 

for me.

I know a lot about this topic that could be useful!
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molecules via the 

flames

Some gases are 

good for me and 

some gases are bad 

for me.

I know a lot about this topic that could be useful!

I need a 

causal story 

for how this 

works.

If I don’t know the answer I can 

construct one based on things I know.

My answer should make sense to me.

I have some 

everyday 

experiences that 

can help me.

All my ideas about 

this topic should fit 

together coherently.



● Conceptual or Content Knowledge:

○ Knowledge about the science topic 

○ Standard focus of chemistry education 

research (e.g., Holme, Luxford & Brandriet, 2015; Pazicni et 

al., 2021)

Different kinds of knowledge I have to work with 

Holme, T.A., Luxford, C.J., & Brandriet, A. (2015) Defining Conceptual Understanding in General 

Chemistry. Journal of Chemical Education, 92(9), 1477-1483.

Pazicni, S., Wink, D.J., Donovan, A., Conrad, J.A., Darr, J.P., Morgan Theall, R.A., Richter-Egger, 

D.L., Villata-Cerdas, A., & Walker, D.R. (2021) The American Chemical Society General 

Chemistry Performance Expectation Project: From Task Force to Distributed Process for 

Implementing Multidimensional Learning. Journal of Chemical Education, 98(4), 1112-1123.



● Conceptual or Content Knowledge:

○ Knowledge about the science topic 

○ Standard focus of chemistry education 

research (e.g., Holme, Luxford & Brandriet, 2015; Pazicni et 

al., 2021)

● Meta-Knowledge about Explanation 

Construction:

○ Tacit knowledge about appropriate ways to 

construct knowledge and appropriate types of 

knowledge to use

○ Referred to as “personal epistemologies” 

within education research (e.g., Collins & Ferguson, 

1993; Hammer, 1994; Hofer & Pintrich, 2002; Sandoval, 2005)

Different kinds of knowledge I have to work with 

Collins, A., & Ferguson, W. (1993). Epistemic forms and epistemic games: Structures and 

strategies to guide inquiry. Educational psychologist, 28(1), 25-42.

Hammer, D. (1994). Epistemological beliefs in introductory physics. Cognition and Instruction. 

12(2), 151-183.

Hofer, B. K., & Pintrich, P. R. (Eds.). (2002). Personal epistemology: The psychology of beliefs 

about knowledge and knowing. Lawrence Erlbaum Associates Publishers.

Sandoval, W. A. (2005). Understanding students’ practical epistemologies and their influence on 

learning through inquiry. Science Education, 89(4), 634–656. 



Epistemologies

Epistemologies “consist of [people’s] systems of beliefs [tacit or 

explicit] about (1) the nature of knowledge and (2) the process of 

knowing”

- Chinn, Buckland, Samarpungavan, 2011, p. 141

Epistemologies include ideas about aims for knowledge 

construction, reliable processes for achieving aims, how knowledge 

is justified etc. 

Chinn, C. A., Buckland, L. A., & Samarapungavan, A. L. A. (2011). Expanding the dimensions of epistemic cognition: Arguments from 
philosophy and psychology. Educational Psychologist, 46(3), 141-167.
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How and Why I’ve Been Constructing Knowledge

Why Construct Knowledge?

• I’d rather not be poisoned by my gas stove

• I’d rather not leak a bunch of methane into the atmosphere

How Knowledge Is Being Constructed?

• Accumulation from several sources

• Knowledge is justified by aligning with data or trusted authorities

• Arguments are being crafted related to our options



How and Why I’ve Been Constructing Knowledge

What hasn’t been happening:

• No answer key has been consulted

• No one told me how and why to construct knowledge

• No one forced me to come to a conclusion in a set time - my 

partner and I decided when we were “done” 

• I was not constrained to the bounds of school chemistry



Epistemologies are key to our goal

Supporting useful chemistry learning requires that students (tacitly) 

see similarities between the nature and purpose of class activities 

and the nature and purpose of daily life activities. 

Hammer, D.; Elby, A.; Scherr, R. E.; Redish, E. F. Resources, Framing, and Transfer. In Transfer of Learning from a Modern 

Multidisciplinary Perspective; Mestre, J. P., Ed.; IAP: Greenwich, CT, 2005; pp 89–119.



Epistemologies are key to our goal

Supporting useful chemistry learning requires that students (tacitly) 

see similarities between the nature and purpose of class activities 

and the nature and purpose of daily life activities. 

Chemistry classes should help learners “explore and discuss the 

differences between knowledge in multiple contexts” (Elby & 

Hammer, 2001, p. 564) they will likely encounter in post-school life.

Hammer, D.; Elby, A.; Scherr, R. E.; Redish, E. F. Resources, Framing, and Transfer. In Transfer of Learning from a Modern 

Multidisciplinary Perspective; Mestre, J. P., Ed.; IAP: Greenwich, CT, 2005; pp 89–119.
Elby, A., & Hammer, D. (2001). On the substance of a sophisticated epistemology. Science Education. 85(5), 483-614. 



BCSER Catalyzed Partnerships

Rosemary Russ theorizes about how classes 

“tell” students allowed ways to know and learn 



BCSER Catalyzed Partnerships

Rosemary Russ theorizes about how classes 

“tell” students allowed ways to know and learn 

Conceptualizes epistemologies made of small 

“pieces” compiled in-the-moment



How We Understand Epistemology

DeGlopper, K. S., Russ, R. S., Sutar, P. K., & Stowe, R. L. (2023). Beliefs versus resources: A tale of two models of epistemology. Chemistry Education Research and Practice, 24(2), 768–784. 

DeGlopper, K. S., & Stowe, R. L. (2024). Modeling students’ epistemic cognition in undergraduate chemistry courses: A review. Chemistry Education Research and Practice, 25(3), 594–612. 

Greco, N. C., Russ, R. S., & Stowe, R. L. (2025). Keeping our Research Plumb: Theory-Driven Design and Analysis for the Study of Instructor Epistemologies. Journal of Chemical Education, in press. 

Beliefs Model

• Stable over time

• Able to be articulated explicitly

• Hierarchical

• Multi-dimensional 

Network Model

• Dynamic over a timescale of 

minutes 

• Tacit and inferable from behavior

• Have varying utility in different 

times and places

• Multi-dimensional



Instruction

Epistemological 

messages embedded in

Epistemological Messaging Landscape

“The best way for you to prepare for 

course assessments is to practice 

explaining how/why chemical 

phenomena happen on problem sets, 

during discussion and on practice 

quizzes/exams”

Russ, R. S. (2018). Characterizing teacher attention to student thinking: A role for 

epistemological messages. Journal of Research in Science Teaching, 55(1), 94-120.

Ke, L., & Schwarz, C. V. (2021). Supporting students' meaningful engagement in 

scientific modeling through epistemological messages: A case study of contrasting 

teaching approaches. Journal of Research in Science Teaching, 58(3), 335-365.



Instruction

Epistemological 

messages embedded in

Assessment

Epistemological Messaging Landscape

Russ, R. S. (2018). Characterizing teacher attention to student thinking: A role for 

epistemological messages. Journal of Research in Science Teaching, 55(1), 94-120.

Ke, L., & Schwarz, C. V. (2021). Supporting students' meaningful engagement in 

scientific modeling through epistemological messages: A case study of contrasting 

teaching approaches. Journal of Research in Science Teaching, 58(3), 335-365.



Russ, R. S. (2018). Characterizing teacher attention to student thinking: A role for 

epistemological messages. Journal of Research in Science Teaching, 55(1), 94-120.

Ke, L., & Schwarz, C. V. (2021). Supporting students' meaningful engagement in 

scientific modeling through epistemological messages: A case study of contrasting 

teaching approaches. Journal of Research in Science Teaching, 58(3), 335-365.

Instruction

Assessment

Curricular materials

Epistemological 

messages embedded in

Epistemological Messaging Landscape

[Class]



Instruction

Assessment

Curricular materials

Epistemological 

messages embedded in

Inform / 

contribute to

Students’ epistemological 

learning goals

Mediate 

engagement in      

Epistemological Messaging Landscape

Russ, R. S. (2018). Characterizing teacher attention to student thinking: A role for 

epistemological messages. Journal of Research in Science Teaching, 55(1), 94-120.

Ke, L., & Schwarz, C. V. (2021). Supporting students' meaningful engagement in 

scientific modeling through epistemological messages: A case study of contrasting 

teaching approaches. Journal of Research in Science Teaching, 58(3), 335-365.



Instructors’ (possibly tacit) 

epistemic learning goals

Other types of learning goals, 

and contextual constraints

structure

Instruction

Curricular materials

Epistemological Messaging Landscape

Assessment

Inform / 

contribute to

Students’ epistemological 

learning goals

Mediate 

engagement in      

Epistemological 

messages embedded in

Russ, R. S. (2018). Characterizing teacher attention to student thinking: A role for 

epistemological messages. Journal of Research in Science Teaching, 55(1), 94-120.

Ke, L., & Schwarz, C. V. (2021). Supporting students' meaningful engagement in 

scientific modeling through epistemological messages: A case study of contrasting 

teaching approaches. Journal of Research in Science Teaching, 58(3), 335-365.
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