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2020 SIGMAA–RUME CONFERENCE SCHEDULE 
 

Thursday Friday Saturday 

8:00 AM – Noon 
RUME Working Group Meetings  

7:00–8:45 AM 
Breakfast 
 

7:00–8:30 AM 
Breakfast 
 

8:20–8:50 AM 
Special Session on NSF Funding for 
RUME – I 

8:20–8:50 AM 
Special Session on NSF Funding for 
RUME – II 

9:00–9:30 AM  
Session 6 – Contributed Reports  

9:00–9:30 AM  
Session 15 – Preliminary Reports  

9:40–10:10 AM  
Session 7 – Contributed Reports  

9:40–10:10 AM  
Session 16 – Contributed Reports  

10:20–10:50 AM 
Coffee Break 

10:20–10:50 AM 
Coffee Break 

10:50–11:20 AM 
Session 8 – Preliminary Reports  

10:50–11:20 AM 
Session 17 – Contributed Reports  

11:30–Noon 
Session 9 – Contributed Reports  

11:30–Noon 
Session 18 – Preliminary Reports  

1:00 PM – 1:20 PM  
Opening Session  
 

Noon–1:00 PM  
Lunch & Mentoring/Discussion 
Tables 
 

Noon–1:00 PM  
Lunch & Business Meeting 
 

1:30–2:00 PM 
Session 1 – Contributed Reports  

1:10–1:40 PM 
Session 10 – Preliminary Reports  

1:10–1:40 PM 
Session 19 – Preliminary Reports  

2:10–2:40 PM 
Session 2 – Contributed Reports  

1:50–2:20 PM 
Session 11 – Contributed Reports  

1:50–2:20 PM 
Session 20 – Contributed Reports  

2:50–3:20 PM  
Session 3 – Preliminary Reports  

2:30–3:00 PM  
Session 12 – Contributed Reports  

2:30–3:00 PM  
Session 21 – Contributed Reports  

3:30–4:00 PM  
Coffee Break 
 

3:00–3:30 PM  
Coffee Break 

3:00–3:30 PM  
Coffee Break 

4:00–4:30 PM  
Session 4 – Contributed Reports  

3:30–4:00 PM 
Session 13 – Contributed Reports  

3:30–4:00 PM 
Session 22 – Contributed Reports  

4:40–5:10 PM  
Session 5 – Contributed Reports  

4:10–4:40 PM 
Session 14 – Preliminary Reports  

4:10–4:40 PM 
Session 23 – Preliminary Reports  

5:20–6:20 PM  
Poster Session 1 & Cash Bar 
 

4:50–6:10 PM 
Plenary Session 
Dr. Eric Knuth 

4:50–5:50 PM 
Poster Session 2 & Cash Bar  

6:30–8:00 PM  
Dinner & Plenary Session  
Dr. Gregory Larnell 

Dinner on your own 
6:00–7:30 PM 
Dinner & Plenary Session 
Dr. Elise Lockwood 

 
Note: Theoretical Reports will be presented in the Contributed Report sessions 



Program Highlights 
 
 

Session Title Time Venue Description 

Welcome Session 1:00 PM, Thursday  Grand Master 
Ballroom  

Thursday Plenary & 
Dinner 6:30 PM, Thursday  Grand Master 

Ballroom Dr. Gregory Larnell 

Special Session on NSF 
Funding for RUME – I 8:20 AM, Friday Bohea 

Dr. Karen Keene. This 
session will focus on the 
CAREER program and 

general hints/insights into 
getting funded by NSF 

Mentoring/Discussion 
Tables & Lunch Noon, Friday Grand Master 

Ballroom 

Mentors from the RUME 
community will lead 

roundtable discussions 
various topics, including 
LGBTQ+ ally critical 
discussion, job search 
issues, seeking NSF 

funding, teaching various 
courses, etc. See abstract 
of session for complete 

details. 

Friday Plenary 4:50 PM, Friday Grand Master 
Ballroom Dr. Eric Knuth 

Special Session on NSF 
Funding for RUME – I 8:20 AM, Saturday Bohea 

Dr. Karen Keene. This 
session will focus on the 

EHR Core Research and 
Building Capacity in 

STEM Education 
solicitation 

Business Meeting & 
Lunch Noon, Saturday Grand Master 

Ballroom  

Saturday Plenary & 
Dinner 6:00 PM, Saturday Grand Master 

Ballroom Dr. Elise Lockwood 

 
 



Plenary Speakers 
 
Dr. Gregory Larnell:  Gregory V. Larnell (@gvlarnell on Twitter) is an associate professor of mathematics 

education in the Department of Curriculum and Instruction at the University of 
Illinois at Chicago, where he teaches undergraduate courses on urban education, 
STEM education, and mathematics teaching and learning and graduate courses on 
mathematics education scholarship and curriculum studies. His research interests 
include empirical and theoretical study of learners’ experiences amid transitions to 
postsecondary mathematics courses (especially introductory and pre-
introductory/remedial/developmental courses), urban mathematics education, and 
issues concerning knowledge production in mathematics education scholarship 
(especially concerning race, equity, and injustice). 

 
 
 
Dr. Eric Knuth:  Eric Knuth received a doctorate in mathematics education from the University of 

Colorado at Boulder, a master’s degree in mathematics from San Diego State 
University, and a bachelor’s degree in electrical engineering from the University of 
Illinois. For 18 years, he was a faculty member at the University of Wisconsin-
Madison, and in 2017, he joined the faculty at the University of Texas at Austin, 
where he also serves as the Director of the STEM Center. His program of research 
concerns the meaningful engagement of students in mathematical practices and 
their development of increasingly more sophisticated ways of engaging in those practices. 
His research focuses, in particular, on practices related to algebraic reasoning and 
learning to prove. He has also served as co-chair of the AERA SIG for Research 
in Mathematics Education and as a member of the NCTM Research Committee. 

 
 
 
Dr. Elise Lockwood:  Elise Lockwood is Associate Professor in the Department of Mathematics at Oregon 

State University. She received her PhD from Portland State University and held a 
postdoctoral fellowship at the University of Wisconsin – Madison. Her research 
focuses on undergraduate student reasoning about combinatorics, and, more recently, 
the role of computing within mathematics education -- both within combinatorics and 
in other content domains. Her work is funded by the National Science Foundation and 
Google. She received the 2018 John and Annie Selden Award, and she was 
awarded the 2019 Promising Scholar Award at Oregon State University. In 2019 
she was named a Fulbright Scholar for a project in Norway, at the Center for 
Computing in Science Education at the University of Oslo. Elise’s favorite part of her 
work is collaborating with wonderful colleagues and students, and she finds it 
particularly rewarding when ideas are developed and refined through rich conversations. 
She also loves working with and learning from her research participants. In her free 
time, Elise enjoys cooking, eating, playing board games, collecting Rocket Raccoon 
comics, cheering for the Portland Trail Blazers, relaxing with her two cats, and 
spending time with her friends and family. 



Session Other Thursday 8:00 AM Working Group
Day Time Session Type

Working Group 1: Equity and the Rehumanization of Undergraduate Mathematics at the
Classroom, Department, Institution, and Professional Levels

Room: Grand Master Ballroom

.01

This year’s equity working group will focus on responding to calls to shift focus toward rehumanizing
(Gutiérrez, 2018) undergraduate mathematics education. Rehumanizing mathematics education
considers returning to mathematical practices that have been an important part of Black, Indigenous,
and Latinx communities’ historical or cultural experiences. This working group is designed for both
RUME participants who engage in research focused on issues of equity (e.g. creators of equity research),
and for those interested in approaching their work in more equitable ways (e.g. consumers of equity
research). The session will include presentations of ongoing research projects with time for discussion
through the lenses of rehumanization and problems of practice. Additionally, the session will allocate
time for discussion of problems of practice identified by participants. This latter portion of the session
will focus on theorization of the problems identified through multiple perspectives, with considerations
of the proposed strategies for addressing these problems, and discussion of the affordances and
constraints of those strategies for various groups. Future investigations and explorations of these
problems of practice may become the focus of collaborations among attendees. Opportunities for
collaboration and mentorship will be encouraged through the discussions of research and practice
facilitated in the context of the working group.Working Group 2: Calculus I Concept Inventory Development

Room: Bohea

.01

This working group will begin initial work on development of a reliable, well-validated concept
inventory for Calculus I. Participants interested in contributing ideas and/or in continuing participation
in the concept inventory development process after the working group completes, are welcome. The
working group will begin with presentations on concept inventory development by Drs. Marilyn Carlson
from Arizona State University, Matt Thomas from Ithaca College, and Mike Oehrtman from
Oklahoma State University. Following these talks, participants will begin the work of developing an
appropriate conceptual framework for a Calculus Concepts Assessment (CCA) and identify exemplary
research to inform each element of the conceptual framework. Time will then be spent making initial
decisions about question format. Following these discussions, participants will create a timeline for
continuing work on the CCA.



Working Group 3:  Improving Teaching and Learning in Undergraduate Geometry
Courses for Secondary Teachers

Room: Bigelow

.01

This working group builds on last year’s working group entitled Improving Teaching and Learning in
Undergraduate Geometry Courses for Secondary Teachers to bring together researchers and
practitioners invested in geometry instruction at the college level. We will share updates from the GeT:
A Pencil community, an emerging inter-institutional system for collaborating on the improvement of
geometry courses for secondary teachers. The community is one product of the GeT Support project
(funded by NSF) which aims at supporting instructors in improving undergraduate geometry courses
(GeT stands for Geometry for Teachers) as one lever to increase the capacity for geometry instruction at
the secondary level. GeT Support draws inspiration from the networked improvement communities
approach (Bryk, et al., 2015) positioning our research group as a network hub responsible for gathering,
analyzing, and sharing data with the larger community of instructors.

Working Group 4: Research on Community College Mathematics

Room: Celestial

.01

The goal of this working group is to bring together researchers who focus on teaching and learning in
the unique and significant context community college mathematics. Supported through past working
group sessions at RUME (2012-2019) and committee work within AMATYC (2009-2019), a growing
group (from 6 to more than 30 since 2009) has been collaborating to advance a national agenda and
create a web of community college mathematics education research. Their projects have been funded,
some in collaborative proposals, and with ongoing dissemination efforts. The work from last year
resulted in at least 18 submissions to a special issue of the MathAMATYC educator that were the result
of a call to the network generated through the Working Group. We propose to leverage the RUME
working group session to continue to grow the community of community college mathematics faculty,
university research faculty, and doctoral students working to develop and disseminate research on and
with community college mathematics stakeholders. We welcome new working group participants who
are seeking to conduct or are conducting research in mathematics teaching and learning with
community colleges and are interested in advancing this agenda through collaborative or coordinated
research projects and focused plans for the dissemination of research.



Working Group 5: Education Research at the Interface of Mathematics and Science:
Perspectives on Quantitative Modeling

Room: Salada

.01

Quantitative modeling is an essential piece of many STEM fields (such as physics, chemistry,
engineering, etc.), as it serves as a tool with which novices and experts make sense of the physical world.
Modeling, however, is a broad term and is often used to describe a wide variety of reasoning. To better
understand how students are using mathematical modeling in mathematics contexts and to engage with
the world around them, it is important to first consider how modeling is approached by students and
researchers across disciplines. This workshop aims to provide a space to discuss the differences between
disciplinary definitions of mathematical modeling and its applications. We encourage attendees to bring
with them their perspectives on modeling to enhance our discussion. As part of this conversation, we will
present a sample of theoretical frameworks that have been developed to describe student behavior when
engaged in mathematical modeling, including symbolic forms and conceptual blending. We will then
allow time to examine how these frameworks are applied in various mathematics-based fields. Our
objective is to provide space to explore how modeling is viewed and used across contexts, and therefore
facilitate cross-discipline collaboration and exploration into further research.

Working Group 6: RUME Research in the Context of Mathematics Tutoring Centers

Room: Silver 1

.01

Mathematics tutoring centers are common in the United States of America (Johnson & Hnasen, 2015),
but there is not a lot of research about mathematics learning in this context. Our colleagues in the UK
have called for more research evaluating the effectiveness of math centers outside of the UK, Ireland,
and Australia (Matthews, et al, 2012). This group has answered that call. Formed in 2017, this working
group has addressed many different issues related to math centers. We have met at the RUME
conference for several years and at two NSF Funded workshops (NSF #2645086). Members of this
group surveyed 75 math centers in the United States to investigate their day-to-day operations (Mills,
Rickard, & Guest, submitted). This working group meets weekly online and has formed a mailing list
containing more than 80 math center directors and researchers and have a shared Google Drive in
which we share resources like tutor training materials and evaluation reports. During the 2018-2019
school year and Summer 2019, we had 43 individual members who attended online meetings 298 times.
We are very welcoming and love having new members. Join this working group if you are interested in
student learning in out-of-classroom contexts, if you are involved in the math center at your university,
or if you would like to see how your research results might apply to math centers.



Working Group 7: Research on College Mathematics Instructor Professional Growth

Room: Singlo

.01

This long-standing working group focuses on research on the professional development and growth of
college mathematics instructors regardless of their level of experience or expertise, though many current
members have a particular interest in the professional growth of novice college teachers (e.g., graduate
student teaching assistants). The group’s goals, historically and currently, continue to drive the focus of
annual meetings. Working Group meeting time is structured to bring in researchers new to the field
through a variety of scholarly activities: explore and discuss the literature, give and receive feedback on
research projects that are in progress, brainstorm potential collaborations and mentoring relationships
for both long- and short-term studies, and continued discussion of issues central to the field and ways to
address them. Participants in this group include researchers in all areas of the professional preparation,
induction, and development of college mathematics instructors, from across institutional types. What
drives the working group is meeting the needs of the group. Regular online meetings during the year
sustain collaborations and communication among group participants. Working group facilitators have
been involved in various related groups (e.g., MAA-AMS Joint Committee on Teaching Assistants and
Part-Time Faculty, MAA Committee on Professional Development), have conducted grant-funded
research in the area, and have presented at the Conference on RUME previously.Working Group 8: Statistics and Data Science Education

Room: Silver 2

.01

This working group solicits individuals interested in learning about and pursuing research on the
teaching and learning of undergraduate statistics and data science. This includes research interests
pertaining to, but not limited to, the theoretical analysis and/or empirical investigation of introductory
and advanced courses in the fields of Statistics and Data Science and pre-service teacher courses
oriented towards these fields. Further, we encourage individuals interested in problems spaces shared
between the undergraduate mathematics, statistics, and data science communities (e.g., function,
probability, modeling, etc.) to attend the working group. This working group provides a means for
researchers to come together to share their knowledge and ideas, while building a lasting community.
Such collaborations may inform the practices and research agendas in all communities. As this is our
third year, we will provide updates on what individual members have been doing over the course of the
past year. We will also present the current state and direction of the group’s ongoing projects.
Additionally, our plan is to establish a structure for the group in terms of goals/purpose. Join us as our
community grows. We are a small and supportive group and want to help anyone with an interest in
statistics education.



Working Group 9: Systemic Departmental Change in RUME

Room: Silver 3

.01

While impressive progress has been made to understand the teaching and learning of undergraduate
mathematics, leveraging what is known to catalyze change in mathematics departments remains a
challenge. To address this need, this working group will provide a space for research in undergraduate
mathematics education (RUME) scholars to attend deeply to contextual and cultural issues of
departments, institutions, and society more broadly, and how they may inhibit or support meaningful
change in mathematics departments. Within this space we will share models and frameworks; lessons
learned from practical experience; and feedback on scholarly work and works-in-progress. The group
has two main aims: 1) To understand how scholarship in RUME can contribute to a generalizable
understanding of how change works in higher education, and 2) how research in educational change can
be used to support the RUME community to have a greater impact. This group will provide informal
and sustained mentorship to its members who wish to understand more deeply the scholarship around
departmental change. As appropriate, we also invite and will connect with Disciplinary-Based Education
Researchers in other STEM fields, to build cross-disciplinary collaborations in the pursuit of educational
change.



Session Other Thursday 1:00 PM Special
Day Time Session Type

Welcome Session

Room: Grand Master Ballroom

.1



Session 1 Thursday 1:30 PM Theoretical Reports (TR)
Day Time Session Type

The Theory of Quantitative Systems: Deconstructing "Symbolic Algebra" to Understand
Challenges in Linear Algebra Courses

Sipes, Janet*

Room: Bohea

1

I devised the Theory of Quantitative Systems (Sipes, 2019) as a lens for considering the complexity of
comprehending linear algebra. The theory resulted from a study of Duval’s (1999, 2006, 2017) Theory
of Semiotic Representation Registers. With my theory I consider strictly algebraic contexts for systems of
linear equations. This report discusses some of the theory’s details which may provide insights into
challenges encountered in linear algebra courses. Appendix A is a one-page presentation of how I
employed Duval’s theory in creating my own.

A Calculus Student’s Thinking about the Idea of Constant Rate of Change

Khan, Ishtesa*

Room: Singlo

1

This study focuses on a student’s thinking about a constant rate of change in the context of a conceptual
approach of calculus (DIRACC). DIRACC calculus defines a constant rate of change as variations
measured in two covarying quantities being proportional to each other. This paper also presents a
theoretical framework that characterizes students thinking about the constant rate of change in relation
to variation and covariation.



Influence of Curriculum on College Students’ Understanding and Reasoning about
Limits

Dixon, Navy B*; Carroll, Erin; Teuscher, Dawn

Room: Salada

1

The Pathways to College Algebra curriculum aims to build concepts that cohere with the big ideas in
Calculus, and initial results suggest improved readiness for Calculus by students who use the curriculum.
Our study examines similarities and differences of Pathways and non-Pathways students understanding
and reasoning about the calculus concept of the limit. We compare students’ understanding of limits at
the beginning and at the end of the unit. Our findings suggest that (1) students reliance on procedures,
combined, or quantitative reasoning was dependent on the calculus instructors emphasis in the class; (2)
students who begin their Calculus class with high covariational reasoning gain a more sophisticated
understanding of limits; and (3) when curriculum is coherent students will identify mathematical
connections.

Promoting Instructor Growth and Providing Resources: Course Coordinator
Orientations Toward their Work

Martinez, Antonio E*; Gehrtz, Jessica; Rasmussen, Chris; LaTona-Tequida, Talia; Vroom, Kristen

Room: Silver 2

1

One of the ways in which university math departments across the country are making efforts to improve
their introductory math courses is by implementing or increasing the level of course coordination for
their Precalculus to Calculus 2 sequence. This not only entails creating uniform course elements across
different sections but also includes efforts to build a community among the instructors of the course.
While many coordinators have the common goal of improving student success, we explore what guides
their actions to see this accomplished, what we refer to as their orientation toward coordination. The
orientation of a coordinator encompasses their beliefs, values and knowledge of mathematics and
teaching. In this proposal we introduce and elaborate on two orientations toward coordination that
arose from interviews with course coordinators from a variety of institutions across the country. We also
discuss the importance of both orientations as they relate to drivers of change.



Minding the Gaps: Algebra Skills of University Calculus Students

Kornelson, Keri*; Moore-Russo, Deborah; Reeder, Stacy

Room: Celestial

1

This study builds on existing research detailing calculus students’ algebraic errors (“gaps”) by connecting
data from a standardized, proprietary placement instrument. Results suggest skills that are rarely versus
commonly demonstrated prior to calculus. We also report on success and failure for students in the
STEM-track Calculus 1 based on the different skills.

Mathematicians’ Proof Repertoires: The Case of Proof by Contradiction

Brown, Stacy*

Room: Silver 3

1

This paper reports findings from task-based interviews with 6 mathematicians, conducted to document
mathematicians’ in situ application of their orientations towards proof by contradiction; that is, their
reflective dispositions towards proof by contradiction. However, analyses suggest that when engaging in
situated analyses mathematicians’ behaviors are better characterized as proof repertoires: sets of action-
based dispositions tacitly codified into relationally-determined proving routines and best thought of as
replicable agent-tool interactions. This theoretical report introduces these constructs (i.e., orientations
and repertoires), and illustrates the utility of the latter when interpreting mathematician’ s ways of
reasoning about proofs by contradiction in situ.



The Modeling Space: An Analytical Tool for Documenting Students’ Modeling Activities

Czocher, Jennifer A*; Hardison, Hamilton

Room: Silver 1

1

One of the most challenging aspects of doing research in the mathematical modeling genre has been
finding an appropriate characterization for the complex interaction of knowledge and cognitive acts that
result in coordination of situational referents and mathematical inscriptions. To this end, we introduce
the modeling space and illustrate its descriptive and analytic utility.



Session 2 Thursday 2:10 PM Theoretical Reports (TR)
Day Time Session Type

A Tour of Cognitive Transformations of Semiotic Representations in Advanced
Mathematical Thinking

Lajos, Jessica E*; Stewart, Sepideh

Room: Bohea

2

The purpose of this paper is to expand on Duval's (2017) notion of Cognitive Transformations of
Semiotic Representations (CTSRs) and search for CTSRs that go beyond treatments and conversions at
a school and entry undergraduate level. Examples of CTSRs that illustrate a progression of
mathematical thinking through calculus and real-analysis to topology; and examples from representation
theory of finite groups that blends abstract algebra and linear algebra will be explored.

A Quantitative Reasoning Framing of Concept Construction

Moore, Kevin*; Liang, Biyao ; Stevens, Irma E; Tasova, Halil I; Paoletti, Teo; Ying, Yufeng

Room: Singlo

2

Researchers are producing a growing number of studies that illustrate the importance of quantitative
and covariational reasoning for students’ mathematical development. These researchers’ contributions
often are in the context of learning of specific topics or developing particular reasoning processes. In
both contexts, researchers are detailed in their descriptions of the intended topics or reasoning processes.
There is, however, a lack of specificity relative to generalized criteria for the construction of a concept.
We address this lack of specificity by introducing the construct of an abstracted quantitative structure.
We discuss the construct, ideas informing its development and criteria, and empirical examples of
student actions that illustrate its use. We also discuss potential implications for research and teaching.



Mathematical Limitations as Opportunities for Creativity: An Anti-deficit Perspective

Adiredja, Aditya P*; Zandieh, Michelle

Room: Silver 2

2

This theoretical report connects an anti-deficit perspective on students’ mathematical sense making with
students’ mathematical creativity. The report specifically examines the role of mathematical limitations
during the different stages of the creative process. We discuss mathematical creativity in the specific
context of constructing everyday examples to explain basis in linear algebra. We consider this
construction as a creative activity. We argue that mathematical limitations in students’ initial examples
are not only reasonable but can also provide opportunities for more mathematical creativity. While
identifying the mathematical limitations led some students to dismiss their examples, thereby ending the
creative process, for others it led to further engagement in the creative process through deeper
exploration of the everyday example and the mathematics. This report shows that not only does
flexibility with full mathematical precision with the examples allow for an anti-deficit interpretation of
the students and their sensemaking of the mathematics, such flexibility also sustains the creative process.

Working Towards a Unifying Framework for Knowledge for Teaching Mathematics

Nuzzi, Jessica*; Murray, Eileen; Golnabi, Amir

Room: Salada

2

In this discussion, we frame an argument to no longer invoke the Mathematical Knowledge for
Teaching (MKT) framework (Ball, Thames, & Phelps, 2008) at the post-secondary level of mathematics
education research, since it is theoretically based in the work of elementary school teachers. After
reviewing the MKT components and related research regarding the extension and modification of the
MKT framework to higher mathematics education, we propose a recasting of Shulman’s (1986, 1987)
initial formulation of knowledge for teaching as a route for developing a unifying framework for
mathematics education. This report uses Precalculus adjunct instructors’ interview data to propose a
coding framework by applying Shulman’s principles and categories of content knowledge.



The Role of Gestures in Teaching and Learning Proof by Mathematical Induction

Kokushkin, Vladislav*

Room: Silver 3

2

When talking about mathematics, teachers and learners actively use hand gestures to support their
speech as well as to describe ideas that are not expressed verbally. In this study, I investigate the gestures
that were utilized by an instructor and his students during a teaching episode on proof by mathematical
induction. Alibali and Nathan’s (2012) typology of gestures are employed to code the observed gestures.
The study reveals that the use of gestures plays an integral role in teaching and learning induction. I
show that pointing gestures helped to reduce ambiguity in classroom discussion, representational
gestures were useful in describing specific subcomponents of induction, and, finally, metaphoric gestures
were independently introduced by a teacher and students to describe the nature of proof by
mathematical induction.

Operational Meanings for the Equals Sign

Mirin, Alison*

Room: Silver 1

2

This paper examines the various characterizations of the operational (non-normative) meanings of the
equals sign discussed in math education literature.  It provides both an exposition and a critique of the
various classifications of students’ misunderstandings of the equal sign and of equations. This meta-
analysis provides valuable starting points for future research that deepens this active area of exploration.



Interpreting Undergraduate Student Complaints about Graduate Student Instructors
through the Lens of the Instructional Practices Guide

Yee, Sean P*; Deshler, Jessica; Rogers, Kimberly C; Papalia, Nicholas; Lamarche, Alicia

Room: Celestial

2

College and department administrators take undergraduate student complaints about Graduate Student
Instructors (GSIs) seriously. However, little research has been done to examine the nature of
undergraduate student complaints across multiple mathematics departments from the lens of student-
centered instruction. In this study, we compared formal (i.e. documented in writing by the student)
undergraduate mathematics student complaints about GSIs at two universities over five years.
Complaints were analyzed by coding the contextualized concerns described in the complaints using the
Mathematical Association of America’s Instructional Practices Guide to align complaints with topics
discussed as best-teaching practices. Results demonstrated that concerns about classroom and
assessment practices were the most prevalent. Concerns about classroom practices were slightly more
abundant and more pervasive throughout the semester than concerns about assessment practices.
Additionally, an outside-of-class issue undergraduate students raised was regarding the effectiveness of
GSIs communication via emails.



Session 3 Thursday 2:50 PM Preliminary Reports (PR)
Day Time Session Type

Students' Understanding of Infinite Iterative Processes

Tiraphatna, Marcie *

Room: Salada

3

Philosophers, mathematicians, and students struggle with the notion of infinity. This study investigates
one undergraduate student’s response to tasks involving infinite iterative processes in different contexts.
A semi-structured clinical interview was conducted to describe the types of mental structures the
participant had constructed to solve the proposed tasks. APOS theory was then successfully able to
predict later student’s responses. This study also suggests that how students depend on time to
understand infinity and infinite processes may be an area for further investigation.

Identifying Covariational Reasoning Behaviors in Expert Physicists in Graphing Tasks

Zimmerman, Charlotte M*; Olsho, Alexis; Loverude, Michael; White Brahmia, Suzanne

Room: Singlo

3

Covariational reasoning — how one thinks about the way changes in one quantity affect another
quantity — is essential to calculus and physics instruction alike. As physics is often centered on
understanding and predicting changes in quantities, it is an excellent discipline to develop covariational
reasoning. However, while significant work has been done on covariational reasoning in mathematics
education research, it is only beginning to be studied in physics contexts. This work presents preliminary
results from an investigation into expert physicists’ covariational reasoning in a replication study of
Hobson and Moore’s 2017 investigation of covariational reasoning modes in mathematics graduate
students. Additionally, we expand on this work to include results from a study that uses slightly more
complex physics-context questions. Two behavioral modes were identified across contexts that appear
distinct from those articulated in the Hobson and Moore study: the use of compiled relationships and
neighborhood analysis.



Supporting Underrepresented Students in an Undergraduate Mathematics Program

Tague, Jenna*

Room: Silver 2

3

Increasing diversity in STEM fields is a moral and economic imperative. However, it is unclear what
support systems are most helpful to retaining low-income underrepresented students in undergraduate
mathematics programs. This paper and presentation is a preliminary report describing and assessing
four support systems developed to increase retention in a four-year mathematics program.

Content-specific Confidence in Entry-level College Mathematics Courses: Relationships
and Patterns

Makowski, Martha*

Room: Bohea

3

Although mathematical confidence is known to relate to students’ level of mathematics, the relationship
between a student’s content-specific confidence and the student’s familiarity with the content remains
unexplored. Using a regression analysis of survey data from a single institution, this study examines this
relationship for three common, lower-division, undergraduate mathematics courses. Students in the
targeted courses reported high levels of content familiarity and confidence they could do the work for
the class without instructor intervention. Familiarity was the biggest predictor of students’ content-
specific confidence, but some orientations towards mathematics also mattered. When tested, students
who reported they could do problems were not highly accurate in their assessment. Taken together,
these findings suggest that there might be a benefit in helping students better assess their content
knowledge early in their courses.



Relational Interactions in Inquiry-Oriented Undergraduate Mathematics Classes

Mullins, Brooke*; Serbin, Kaitlyn S; Johnson, Estrella

Room: Silver 3

3

In this study, we examine two inquiry-oriented classes using Battey and Leyva’s (2013) relational
interactions framework. We examine the relational interactions that occurred in a class with gender-
equitable student learning outcomes and a class with gender-inequitable student learning outcomes.
Although we expected to see differences in these two classes, results show that both instructors had
similar relational interactions, focusing mostly on acknowledging student contributions. However, in one
class there were noticeable negative relational interactions with women students that might help us
better understand the gender differences in the classes.

Multivariate Functions, Physical Representations, and Real World Connections

Heid, Mary K.*; Black, Matthew

Room: Silver 1

3

Understanding functions of two variables is difficult even for students who have studied multivariate
calculus. The eight participants in this study, prospective middle and high school mathematics teachers,
constructed physical models of functions of two variables by creating and assembling sets of
transparencies representing cross-sectional planes. The models provided “chunky” representations of
surfaces defined by function rules of two variables. This study reports ways in which students with the
experience of constructing these models interpreted and operated on a real-world example of
multivariate functions (wind chill index) that was reported in a national newspaper. Participants were
confronted with potential cognitive conflicts in that the article contained typographical errors that
eliminated a variable from the function rule and omitted essential graphical information.  First rounds of
analysis suggest the importance of focusing on what is being represented rather than solely on the form
of the representation.



Adapting K-12 Teaching Routines to the Advanced Mathematics Classroom

Melhuish, Kathleen*; Lew, Kristen M; Baumgard, Taylor; Ellis, Brittney

Room: Celestial

3

In recent years, there has a been a push for undergraduate mathematics classrooms to move away from
purely lecture to a model where students are more actively engaged in their own learning. Such a
transition is hardly a trivial task and requires robust instructional supports. Our recent work endeavors
to adapt research-based supports from the K-12 level to the undergraduate abstract algebra classroom.
In this report, we share preliminary results from a design-based research project directly aimed at
adapting best practices to this new setting. We share several illustrations of how particular teaching
routines (author, year; Teachers Development Group, 2013) can productively unfold in a proof-based
setting.



Session Other Thursday 3:30 PM Break
Day Time Session Type

Coffee Break

Room: Silver Foyer/Tea Gallery Foyer

3.1



Session 4 Thursday 4:00 PM Contributed Reports (CR)
Day Time Session Type

A Local Instructional Theory for the Guided Reinvention of a Classification Algorithm
for Chemically Important Point Groups

Bergman, Anna Marie*

Room: Bohea

4

In this presentation I will describe the beginning phases of a local instructional theory that has resulted
from a design experiment focused on students work with symmetry groups in the context of chemistry.
This local instructional theory will consist of both a generalized instructional sequence intended to
support the guided reinvention of a classification algorithm for molecular structures, and the theoretical
and empirical rationale for the given sequence.  I will also describe the various teaching experiments and
how each informed the development of the instructional sequence.  The mathematical activity of the
participants will be used to describe key aspects of the reinvention process.

A Theorization of Learning Environments to Support the Design of Intellectual Need-
Provoking Tasks in Introductory Calculus

Weinberg, Aaron*; Jones, Steven R

Room: Singlo

4

Intellectual need is the need that students feel to understand how and why a particular mathematical
idea came to be. We are interested in creating tasks that calculus instructors can use to provoke
intellectual need. However, the current suggestions for designing such tasks lack detail and don’t account
for several issues specific to undergraduate introductory calculus. In this theoretical paper, we discuss the
idea of intellectual need, explore three issues related to the teaching of calculus, and present a theoretical
model that task-designers can use to frame important factors that affect the development and use of
these tasks.



Teaching Statistics with a Critical Pedagogy

DiMella, Toni*

Room: Silver 2

4

After the country’s focus shifted from K-12 towards higher education, post-secondary schools found
themselves under significant public, financial, and political pressure. To close the achievement gap and
meet new standards of accountability, higher education institutions began looking for methods to
increase student access and success. This quantitative study measured the effectiveness of implementing
a critical statistics pedagogy in an undergraduate introductory statistics classroom and its impact on
course success, persistence, and mathematical empowerment. Data collected from four classes at a
community college found the use of a critical pedagogy had a positive impact on students’ overall
achievement, increased their awareness of social justice issues, and aided in the development of their
critical voice.

A Potential Foundation for Trigonometry and Calculus: The Variable-Parts Perspective
on Proportional Relationships and Geometric Similarity

Beckmann, Sybilla*; Izsák, Andrew

Room: Bigelow

4

Until recently, the variable-parts perspective on proportional relationships had been overlooked in
mathematics education research. We argue that the variable-parts perspective is implicit in contexts of
geometric similarity, including trigonometry and the notion of slope, and that it is well-suited to
situations involving varying increments of change, as in calculus. We explain how a variable-parts
approach to these topics is related to approaches and findings of research on trigonometry, rate of
change, and the Fundamental Theorem of Calculus. Our arguments are theoretical, but lead to the
empirically testable hypothesis that an explicit focus on the variable-parts perspective could be
productive for learning geometric similarity, trigonometry, slope, and calculus.



An Investigation of a Student’s Constructed Meanings for Animations in Construction of
a Hypothetical Learning Trajectory

Guy, Aysia M*

Room: Silver 1

4

This study reports results of an investigation into the meanings a precalculus student constructs as she
views an animation independently and describes her image of the problem context as it influences her
ability to construct meanings in a novel problem context. Using an exploratory teaching interview, the
student’s initial meanings and image of the problem context shifted once the animation was utilized as a
didactic object. An analysis of her meanings and prior research are used to modify a hypothetical
learning trajectory for supporting students in their emergence of productive images of novel problem
contexts to construct meaningful and appropriate formulas and graphs. The results and the construction
of a hypothetical learning trajectory of this study can potentially be useful for a teachers’ awareness of
students’ constructed meanings while designing or selecting mathematical tasks that incorporate applets
and animations in her instruction.

Metacognition: An Overlooked Dimension in Connecting Undergraduate Mathematics to
Secondary Teaching

Lefcourt, Tamara*

Room: Salada

4

This theoretical report discusses metacognition as a tool for connecting teachers’ experiences as learners
of undergraduate mathematics to their teaching practice.   Academic mathematics has long been
considered an essential component of secondary teacher preparation.  Current initiatives to make
academic mathematics relevant to teacher knowledge and practice focus on course design and the role
of instructors.  This limits the potential for undergraduate mathematics to impact teacher practice, by
restricting attention to select courses.  To maximally leverage the impact of academic mathematics on
teaching, teachers should be active participants in forming connections.  In this report I discuss a
metacognitive practice in which teacher are guided to reflect on their experiences as learners of
undergraduate mathematics and use these experiences to inform their teaching practice.  The report is
presented from a theoretical perspective, but it emerged from empirical data.  Examples are presented
and discussed.



Session 5 Thursday 4:40 PM Contributed Reports (CR)
Day Time Session Type

Coordinate Representation of Vectors and Matrix Representations of Linear
Transformations in a DGS Assisted Linear Algebra Learning Environment: The Case of
Polynomial Vector SpaceCaglayan, Gunhan*

Room: Bohea

5

The research study describes university mathematics majors’ understandings of the matrix
representations of linear transformations mapping finite dimensional polynomial vector spaces in a DGS
assisted linear algebra learning environment. Analyzing data from a series of in-depth qualitative
interviews within a framework of representations in linear algebra (Dorier & Sierpinska, 2001; Hillel,
2000) and concreteness principle (Harel, 2000), the results indicate the diversity of innovative and
creative ways in which the mathematics majors coordinated visual and analytic approaches for
understanding, producing, and making sense of matrix representations of linear transformations.
Research findings offer a new dimension to the pedagogy of university linear algebra along with
researchers’ growing understanding of visualization in linear algebra while incorporating the role
visualization plays in the teaching/learning of linear algebra.

Changing the Script: How Teaching Calculus using Team-Based Learning Misaligns with
Students’ Views of how Learning Mathematics Occurs

Bolles, Heather *; Jurgenson, Kari; Baker, Amanda

Room: Singlo

5

Active learning has been shown to increase student success and improve student confidence, whereas
ambitious teaching potentially leads to decreased student attitudes for learning mathematics. In this
study, we examined how 18 Calculus I students’ beliefs, attitudes, and expectations were met or
challenged across a semester when taught using Team-Based Learning, an ambitious teaching method.
Results indicate that aspects of the TBL design, including initial interaction with content outside class,
reduced emphasis on instructor lectures, and complexity of the tasks may have contributed to students’
negative attitudes. These negative attitudes interplayed with students’ beliefs about their competence to
learn mathematics on their own and their beliefs about the nature of mathematics and how mathematics
should be learned.



Investigating the Effects of Culturally Relevant Pedagogy on College Algebra Students’
Attitudes towards Mathematics

Downing, Gregory A*

Room: Silver 2

5

College algebra continues to be a barrier for college students (particularly non-STEM majors) to
graduate. The rigid teaching methods for developmental mathematics courses continues to exacerbate
this issue causing failure rates among students. In an age where colleges are recruiting more students of
color, these students are often regulated to these courses and are struggling to successfully complete it in
one attempt. With innovate teaching strategies, this study sought to address this problem. The purpose
of study was to investigate the effects of a sequence of lessons grounded in the principles of culturally
relevant pedagogy on students enrolled in a college algebra course at a historically Black
college/university. In particular, the study examined students’ views about mathematics and its
interaction with culture. Results indicated that students in this course, had positive views about this
course, despite their views about mathematics coming in to the course.

A Proposed Framework of Student Thinking around Substitution Equivalence:
Structural versus Operational Views

Wladis, Claire*

Room: Bigelow

5

This theoretical paper explores one way in which student conceptions of substitution equivalence might
be classified along a spectrum between operational and structural thinking, which we generalize from
Sfard’s theories of the Genesis of Mathematical Objects and research on student conceptions of the
equals sign.  We provide some sample student work that illustrates different ways in which students may
exhibit structural or operational thinking about substitution equivalence.  The aim of this paper is to
provide an initial testable framework of student thinking around substitution equivalence that could be
used as a basis for future studies that confirm, refute, or refine this framework, or use the framework to
explore the relationship of different kinds of student thinking around equivalence to other mathematical
conceptions and skills.



Making Sense of Irrational Exponents: University Students Explore

Marmur, Ofer*; Zazkis, Rina

Room: Silver 1

5

We investigate how students make sense of irrational exponents. The data is comprised of 32 interviews
with university students, which revolved around a task designed to examine students sensemaking
processes involved in the understanding of the concept. Both the task design and data analysis relied on
the concept of sensemaking trajectories, blending the notions of sensemaking and (hypothetical/actual)
learning trajectories. The findings focus on three kinds of reasoning utilized in the participants’
sensemaking trajectories while working with irrational exponents: even/odd numbers and functions;
range of exponent values; and exponentiation as repeated multiplication. These findings reveal students’
conceptual development of irrational exponents, and could in turn be used for the refinement of tasks
aimed at promoting students’ comprehension of the topic.

Undergraduates’ Perceptions of the Benefits of Working Tasks Focused on Analyzing
Student Thinking as an Application for Teaching in Abstract Algebra

Alvarez, James A Mendoza*; Kercher, Andrew C; Turner, Kyle

Room: Salada

5

The Mathematical Education of Teachers as an Application of Undergraduate Mathematics project
provides lessons integrated into various mathematics major courses that incorporate mathematics
teaching connections as a legitimate application area of undergraduate mathematics. One feature of the
lessons involves posing tasks that require undergraduates to interpret or analyze the work of another
student. This paper reports on thematic analysis of hour-long interviews for eight participants enrolled in
an undergraduate abstract algebra course from two different implementation sites. We focus on student
work and reactions to these interpreting or analyzing student thinking (AST) applications as they relate
to their perceptions regarding the use of AST applications as a mechanism to both deepen their content
knowledge and improve their skills for communicating mathematics. Several participants identify
positive benefits, but more research is needed to determine the how to incorporate AST applications to
accommodate some participants’ reluctance to engage in new mathematical contexts.



Session Poster Thursday 5:20 PM Poster
Day Time Session Type

I’m Still Confused in the Most Basic Way: How Responsibilities Impact Mathematics
Learning While Video Watching

Kelley, Suzanne*

Room: Liberty Hall (T1)

5.1

While videos are becoming more pervasive in math instruction and remediation, little is known about
what students are doing to make sense of the math while watching videos. This study presents a case of
one student who is using videos to learn college algebra. Using the didactic contract, we suggest that the
student’s inability to live up to the rules which she has for herself and the video may impact her
mathematics learning while video watching.

Comics as Pedagogical Tools in First-year Linear Algebra

Garcia, Amanda*; Sellaroli, Giuseppe; Wolczuk, Dan

Room: Liberty Hall (T2)

5.1

The goal of this study was to determine the ways in which comics affect student learning in
undergraduate math courses, specifically in first-year linear algebra. Students had access to eight comics,
posted roughly each week during the term. The survey data collected shows that the majority of
respondents reported a better understanding of the material after reading the comics and that the comics
had a positive impact on their engagement, attitude, motivation, and overall understanding.



The Implications of Attitudes and Beliefs on Interactive Learning in Statistics Education

Berens, Florian*; Hobert, Sebastian

Room: Liberty Hall (T3)

5.1

The presented project combines two core concerns of the authors: University teaching is repeatedly
confronted with the problem of very large student groups and therefore poor individual support. To
address this problem, the authors have developed a technical system that automatically answers
questions from learners in an introductory statistics lecture. The usage data of this system can be used
for a second purpose. Combined with further usage data from other systems and quantitative surveys, it
can be determined what influence subject-specific attitudes and beliefs have on learning behavior. The
poster presents the technical solution, its educational embedding, results of the evaluation and first
insights of the learning analytics.

Reconceptualizing Mathematics Teacher Knowledge in Domain Specific Terms

Wilmot, Eric M*

Room: Liberty Hall (T4)

5.1

The question of what teachers need to know about their subjects to be able to promote powerful and
flexible knowledge and understanding among their students has been difficult to answer. This difficulty
has been a result of the many different conceptualizations of teacher knowledge, which until now have
mostly been general and not domain specific enough. In an effort to promote a shift from these, this
study used the Knowledge of Algebra for Teaching (KAT) project’s conceptualization of knowledge for
teaching algebra and the instruments developed from that project. Factor analysis of data collected has
not only corroborated the KAT project’s hypothesized knowledge but also pointed to a need to
reconsider some of the assumptions made in the KAT framework. As a result, a new conceptualization
of knowledge for teaching algebra that allows teacher knowledge to be assessed in measurable terms will
be discussed.



Exploring Mathematical Connections Between Abstract Algebra and Secondary
Mathematics from the Perspectives of Mathematics Faculty and Practicing Teachers

Gray, Cammie*

Room: Liberty Hall (T5)

5.1

This poster focuses on the first stage of a study designed to explore how preservice teachers establish
connections between abstract algebra and secondary school mathematics. Additionally, I will describe
the motivation for collecting the data in the context of the larger research study. The purpose of this first
stage was to gather information regarding mathematical connections between abstract algebra and
secondary school mathematics, through the use of online surveys, from the perspectives of mathematics
faculty as well as practicing secondary mathematics teachers. The survey data was analyzed using
qualitative methods. Many mathematics faculty reported that they incorporate mathematical
connections to secondary mathematics into their abstract algebra instruction.

Mathematics Stretch Courses: Implementation and Assessment

Hobson, Natalie*; Byrne, Martha

Room: Liberty Hall (T6)

5.1

In this poster we present a newly implemented program of introductory mathematics classes at Sonoma
State University. We illustrate the new model itself and the methods we use to assess student learning
outcomes. We summarize some initial findings from the first year of assessment and welcome ways to
learn and adapt our methods for more future assessment.



Student Engagement and Gender Identity in Undergraduate Introduction to Proof

Barton Odro, Emmanuel*

Room: Liberty Hall (T7)

5.1

Researchers are not paying attention to first, students’ engagement and secondly how gender identity
shapes engagement experiences in undergraduate mathematics classrooms. This study investigates
student engagement and gender identity while learning mathematics using a mobile app that collected
student engagement reported by students. This paper discusses preliminary results on students’
engagement and gender identity in undergraduate mathematics classroom. Those identifying as women
reported higher engagement than those identifying as men.

Racial Differences and the Need for Post-Secondary Mathematics Remediation

Houston, Scotty*; Harrell-Williams, Leigh M; Xu, Yonghong

Room: Liberty Hall (T8)

5.1

A post-secondary credential continues to be a goal of many people in the United States, not only for self-
esteem but for career purposes. Students are often required to take remedial mathematics as they are
unprepared for college-level coursework. Results of a regression analysis are presented in this poster
comparing factors that might be influential in the need for mathematics remediation for three racial
groups: White, African American and Hispanic students.



The Connection between Perception of Utility in Careers with Math and STEM Career
Interest

Howell, Elizabeth*

Room: Liberty Hall (T9)

5.1

Undergraduate students pursuing STEM careers have varied perceptions of how mathematics is used in
their careers. A survey of community college students enrolled in College Algebra measured interest in
mathematics and interest in STEM-related careers, as well as a student’s perception of how mathematics
was used (or not) in their chosen career. Analysis revealed that students’ beliefs related to the usefulness
of mathematics in their chosen career predicted their interest in mathematics in general, and their
interest in STEM careers in some cases.

Undergraduates’ Geometric Reasoning of Complex Integration

Soto, Hortensia*; Oehrtman, Michael

Room: Liberty Hall (T10)

5.1

In this research we explored undergraduate students’ geometric reasoning of complex integration before
the instructor taught it in the course. We found that the participants leveraged their knowledge about
complex multiplication to construct a local model of complex integration. In an effort to develop a
global model, which attends to the accumulation aspect of integration, we found that our participants
struggled due to the thinking real, doing complex phenomenon.



Investigating the Influence of Gender Identity and Sexual Orientation in Group Work

Bernier, Jeremy R*

Room: Liberty Hall (T11)

5.1

With recent recommendations of the MAA, instructors of undergraduate math courses are encouraged
to incorporate more active learning strategies into their teaching. While achievement focused studies
consistently show that the use of active learning strategies in undergraduate STEM instruction is better
than lecture alone, little research has been done on the student experience with these active learning
strategies. In addition, while improving diversity in STEM fields is an oft-stated goal of reform in
undergraduate math instruction, few studies have looked at how different populations might experience
the same active learning classroom differently. This poster presents the methodology and early results
from a study that in is an effort to address both of these gaps. The study uses in class group observations
and follow-up interviews to develop an understanding of how gender identity and/or sexual orientation
might influence student experiences in small groups in undergraduate math classrooms.

Exploring Student Understanding of Implicit Differentiation

Chu, Connor*

Room: Liberty Hall (T12)

5.1

It is well known that undergraduate calculus students struggle with the concept of derivative and ideas
related to it. Yet, there is less research available on more specific techniques and applications of the
derivative. The goal of this study was to examine student understanding of, and ability to carry out one
such technique, implicit differentiation. Data was collected through both written surveys and clinical
interviews. Findings suggest that students do not have a strong understanding of implicit differentiation
and that their difficulties with computational problems stem from a variety of issues they have related to
functions.



Student Interpretation of Cartesian Points and Trends of a Chemical Reaction
Coordinate Diagram with Abstracted Physical Dimensions

Parobek, Alexander P*; Chaffin, Patrick; Towns, Marcy

Room: Liberty Hall (T13)

5.1

Reaction Coordinate Diagrams (RCDs) aid in the visualization of the thermodynamic and kinetic
factors which influence chemical reactions. These graphical representations pose unique challenges for
chemistry students given the abstracted physical dimensions that define the Cartesian coordinate system.
General chemistry students’ interpretations of RCDs were investigated by applying mathematics and
chemistry education research frameworks in a semi-structured interview setting. Findings suggest that
students’ interpretations of the points and trends along these diagrams strongly influence the physical
meaning they attribute to RCDs.

Investigating Student Reasoning about the Cauchy-Riemann Equations and the
Amplitwist

Troup, Jonathan D; Troup, Jonathan*

Room: Liberty Hall (T14)

5.1

Students appear to experience difficulty in coordinating different types of reasoning and different types
of representations. Furthermore, they appear to start integrating these different modes of reasoning or
representations when prompted to embody a given abstract mathematical concept. This research is part
of an ongoing investigation into how students reason geometrically about various aspects of complex
numbers, such as derivatives of complex-valued functions or the Cauchy-Riemann equations (hereafter
the CR equations). Analysis of the data is ongoing but is hoped to produce potential learning trajectories
or natural ways in which students reason about the CR equations and their connections to the
derivative.



“Meaning Making with Math”: A Mathematical Modeling Approach to Supporting
Conceptual Reasoning in Undergraduate Chemistry

Lazenby, Katherine*; Rodriguez, Jon-Marc G; Becker, Nicole

Room: Liberty Hall (T15)

5.1

Mathematical models are ubiquitous in science and science education and serve as tools for constructing
explanations and making predictions about real world phenomena. However, undergraduate science
students often use mathematical models algorithmically, without consideration of the physical meaning
of mathematical variables. To support chemistry students’ ability to engage in “meaning making with
math,” we developed a series of instructional activities which lead students through using, evaluating,
and revising mathematical models of chemical phenomena. Here, we discuss development and
refinement of an activity focused on gas behavior and discuss theoretical frameworks that guide our
activity design.

The Mathematical Inquiry Project: Effecting Widespread, Sustainable Instructional
Change

Ireland, Josiah G*; Cook, John Paul; Dorko, Allison; Jaco, William; Oehrtman, Michael; Richardson, April; Tallman, Michael A

Room: Liberty Hall (T16)

5.1

The Mathematical Inquiry Project (MIP) is an NSF-funded collaboration of mathematics faculty from
all 27 public institutions of higher education in Oklahoma to support inquiry-based learning in entry-
level mathematics courses. This poster reports on the initial development of a Community of Practice,
including shifts in the participants’ conceptions of the joint enterprise and their identities in relation to it.



Pre-service Mathematics Teachers’ Engagement with Cognitive Demand of
Mathematics Tasks

Rahman, Zareen*

Room: Liberty Hall (T17)

5.1

The presentation describes the work undertaken in a mathematics methods course. 7 pre-service
teachers (PSTs) critiqued mathematics tasks for their cognitive demand. Following critique of the tasks
they planned for implementing and then implemented the tasks. Their critique of the tasks allowed them
to learn about the properties of effective mathematics tasks. Further, they began to see the role teachers
play in maintaining or decreasing cognitive demand.

An Overview of the Orchestrating Discussion Around Proof (ODAP) Project

Hicks, Michael D*; Guajardo, Lino; Melhuish, Kathleen; Lew, Kristen M; Dawkins, Paul

Room: Liberty Hall (T18)

5.1

In this poster, we provide an overview of a design-based research project investigating student
discussions surrounding proof in abstract algebra. This project aims to incorporate best practices for
orchestrating discussions developed within the K-12 spectrum into the context of advanced
mathematical proving activity. We describe three aspects of the project: general task design, task
implementation, and future work to be considered based off the implementation.



Informing the Community About Advancing Students' Proof Practices in Mathematics
through Inquiry, Reinvention, and Engagement

Brown, David*; Alzaga Elizondo, Tenchita; Vroom, Kristen

Room: Liberty Hall (T19)

5.1

The difficult transition from computational mathematics to advanced mathematics is well-documented
in the research literature. The ASPPMIRE project has two main goals. The first is designing curriculum
materials that support students in reinventing fundamental concepts in abstract algebra and real
analysis, along with fundamental proof skills. The second supports instructors in implementing inquiry-
oriented instruction in their own classrooms. The purpose of our poster presentation is to invite the
research community to discuss our project’s motivation, goals, and study design.

Logical Implication as an Object and Proficiency in Proof by Mathematical Induction

Kokushkin, Vladislav*; Arnold, Rachel; Norton, Anderson

Room: Liberty Hall (T20)

5.1

Proof by mathematical induction is known to be conceptually difficult for undergraduate students. We
present a model that may simulate the impact of logical implication on students mastering proof by
induction. We combine Piaget’s action-object theory of mathematical development with a psychological
model of working memory and Harel and Sowder’s proof schemes. We analyzed three sets of written
assessments from two Introduction to Proofs classes: after students learned about logical implication;
before and after instruction on proof by induction. We examine the relationship between proficiency
with mathematical induction and treating logical implication as an object within these two classes.



Multiplication by Sunlight:  How can a Geometric Definition be Realized in a Physical
Tool?

Dimmel, Justin*; Pandiscio, Eric; Godet, Adam

Room: Liberty Hall (T21)

5.1

McLoughlin and Droujkova (2013) developed a diagrammatic definition of multiplication that uses
parallel lines to continuously scale the length of one segment by the length of a different segment. This
contemporary treatment of the constructability of products (and quotients) is potentially significant for
the undergraduate mathematical preparation of pre-service elementary teachers, who tend to
conceptualize multiplication in terms of repeated addition. We take up here the design challenge of
constructing a physical tool that models multiplication as a continuous scaling operation as opposed to a
repeated grouping operation. We ask: How can the parallel shadows interpretation of real-number
multiplication be used to design a physical tool?

Calculus Students' Visualization of Volume

Gine, Roser*; Davis, Tara

Room: Liberty Hall (T22)

5.1

We present the methodology and preliminary findings from a study whose purpose is to uncover student
thinking around volumes of solids of revolution, with a specific focus on how students create and use
visual images. We use Gutierrez’ visualization framework (1996) to analyze how students use
representations of their mental images to solve tasks. Initial findings suggest that students struggle
representing slices that can be used to measure the volume of a sphere; first attempts instead make use of
two-dimensional figures.



Exploring the Development of Mathematical Problem Solving Strategies in the
Transition from Novice to Experienced Mathematicians

Kercher, Andrew C*

Room: Liberty Hall (T23)

5.1

Identifying formative experiences that affect mathematical problem-solving (MPS) development and
trajectories for rising mathematicians presents a complex challenge. Despite the existence of various
descriptions of isolated MPS behaviors for populations of mathematicians of different levels of expertise,
there is still insufficient understanding of how MPS develops as a result of extended mathematics
education. This poster presents preliminary findings of a study which aims to characterize formative
experiences of advanced undergraduate mathematics majors and first-semester mathematics graduate
students which, in interviews, they identified as affecting their MPS strategies or disposition towards
solving difficult mathematics problems. We also aim to gather feedback on study design and potential
directions for analysis of the interviews.

A Framework for Meaning in Mathematics

Chowdhury, Ahsan*

Room: Liberty Hall (T24)

5.1

Students ask the question “when is this ever going to be useful?” when speaking about mathematics. If
we take this as a question about meaningfulness, how can teachers respond through their instruction (if
they choose to do so) and how do they even understand the terms ‘meaningful’ and ‘meaning’? Prior
research suggests beliefs influence instruction. I am interested in understanding how beliefs then
influence what meanings instructors’ goals and instruction focus on. This theoretical paper aims to
synthesize prior research to elaborate a framework of meaning orientations for instructors’ goals. Future
research can then look at how and why instructors focus on certain orientations of meaning over others.



Aligning Assessment with Instruction in a Creativity in Mathematics Course

Monahan, Ceire H*; Munakata, Mika; Vaidya, Ashwin

Room: Liberty Hall (T25)

5.1

Assessment is a central issue to the lives of educators and students. The purpose of assessment is to
certify achievement or to facilitate learning (Boud, 2000). At all levels, from programmatic to course-
specific, we strive to assess in a way that accurately measures achievement or progress relative to one’s
goals. In this poster, we describe our experiences assessing students in an undergraduate mathematics
course focused on creativity in mathematics. While traditional forms of assessment often focus on
repeating mathematical procedures and demonstrating abilities of routine skills (Firestone, Winter, &
Fitz, 2000; Lesh & Clarke, 2000), we attempted to align assessments with the alternative instruction we
employed. Here we describe our assessments and report on preliminary findings of students’ reactions to
the assessments through reflective journal entries, focus group interviews, and pre- and post-course
surveys, outlining a need for revisions to traditional assessments.

Student Thinking about the Graphs of Functions of Two Variables via Software
Visualization

Bettersworth, Zachary S*

Room: Liberty Hall (T26)

5.1

The purpose of this study is to investigate student thinking in the context of graphs of functions of two
variables. The data presented here is an example of the ways of thinking students exhibit when working
with graphs of multivariable functions.



Myriad Issues in Teaching College Geometry

Prasad, Priya*; Boyce, Steven

Room: Liberty Hall (T27)

5.1

This poster discusses geometric definitions that impact the teaching of college geometry.

Building GTAs’ Knowledge & Motivation to Promote Equity in Undergraduate
Mathematics

Webb, Jessica J*; Manzanares, RaKissa; Houston, Scotty; Gomez, Josias; Harrell-Williams, Leigh M

Room: Liberty Hall (T28)

5.1

Promoting equity in undergraduate mathematics education is of vital importance, yet has received
considerably less attention than equity in K-12 mathematics. The current study focuses on a pedagogical
training program for graduate teaching assistants’ (GTAs), which emphasizes equity in their teaching of
undergraduates. The study examines GTAs’ journals and open-ended survey responses, including their
definitions of equity and the ways they promote equity in their classrooms. The research will foster
discourse about ways of promoting equity in undergraduate mathematics and about professional
development for undergraduate mathematics instructors.



How can regional RUME conferences support inclusion into the larger RUME
community?

Rahman, Zareen*; Miller, Erica R; Satyam, V. Rani; Rahman, Zareen G

Room: Liberty Hall (T29)

5.1

As our RUME community and attendance at our national conference grows, it is vitally important that
we continue to attend to issues of equity and inclusion. In this poster presentation, we discuss how we
can use regional RUME conferences to broaden participation and support inclusion in the larger
RUME community. Using the lens of Lave and Wenger’s (1991) communities of practice and legitimate
peripheral participation, we analyzed survey responses from individuals who either attended or
expressed interest in attending a regional RUME conference. We found that local RUME conferences
provide newcomers and novices with the opportunity to (1) learn more about RUME, (2) network with
RUME participants, including experts/old timers, and (3) develop professionally as both teachers and
researchers.

GTAs’ Conceptualization of Active Learning in Undergraduate Mathematical Sciences
Courses

Houston, Scotty*; Gomez, Josias; Harrell-Williams, Leigh M; Webb, Jessica

Room: Liberty Hall (T30)

5.1

Throughout the past few decades, the term active learning has been used to describe a variety of
classroom instructional techniques and pedagogy. In this poster, we explore the graduate teaching
assistants’ conceptualization and implementation of active learning strategies at the start of a funded
project evaluating a multifaceted GTA training model.



Using Successful Affective Measures Among Native Populations in the U.S.

Luecke, Danny*

Room: Liberty Hall (T31)

5.1

A history of oppression in the U.S. has left a clear mark on its education system. Under-performing
demographics is not a matter of genetic pre-disposition, but rather an inequitable system. Tribally
Controlled Colleges/Universities (TCUs) were established to address a few of these inequities. Working
with math faculty and administrators at four TCUs in North Dakota, an initial investigation into the
affective domain of math instruction has begun. Seven semi-structured interviews with students from
TCUs looking broadly at student experiences and feelings towards learning mathematics were
conducted. An analysis of these data using a Tribal Critical Race Theory lens will be presented. From
initial open coding, four themes within the data emerged, including ‘being scared’ or apprehension,
interest in the utility of math to their personal lives, the feeling of accomplishment, and affect depending
on instruction. Additionally, we seek to discuss the use of additional affective measures among
marginalized persons.

Using the Learning Cycle and Mathematical Models to Engage Students in Sensemaking
Involving Metamodeling Knowledge in Chemistry

Rodriguez, Jon-Marc G*; Lazenby, Katherine ; Becker, Nicole

Room: Liberty Hall (T32)

5.1

In this work we describe a study that analyzes student engagement in the process of sensemaking, which
involved students developing metamodeling ideas related to mathematical models in chemistry, that is,
ideas regarding the nature and purpose of models. This project defines sensemaking as the process of
constructing and evaluating explanations to address an apparent inconsistency (i.e., “figure out” a
problem). This process involves students using prior knowledge in combination with provided
information to resolve a gap in understanding. For our dataset, students collaboratively worked through
activities designed using the learning cycle (Process Oriented Guided Inquiry Learning, POGIL), which
involves student-led movement through stages of exploration (direct questioning), concept invention
(developing a formal definition for an idea), and application (using students’ constructed concept in a
new context). Preliminary results from this qualitative study emphasizes how students construct
explanations and engage in metamodeling ideas as part of the sensemaking process.



Examining Academic Performance and Student Experiences in an Emerging Scholars
Program

McNeilly, Jennifer  R*

Room: Liberty Hall (T33)

5.1

This poster discusses a sequential, mixed-methods study of an established program that incorporates
active learning within recitation sections to support the academic performance and retention of students
from underrepresented groups at a large research university.  The study examines academic
performance in math courses, degree attainment, and overall experience of students who participated in
the program.

Investigation of Affective Factors Which May Influence Women’s Performance in
Mathematics

Benjamin, Judy I.*

Room: Liberty Hall (T34)

5.1

This paper presents a pilot investigation into the effects of stereotype threat on women’s performance in
upper-level undergraduate mathematics and potential influences of the affective factors, mindset and
sense of belonging. In contrast to Good, Aronson, & Harder’s (2008) findings, results indicate that the
women in this study did not seem to be adversely affected by stereotype threat. Furthermore, sense of
belonging to the domain of mathematics was found to be a statistically significant predictor of
performance on a mathematics assessment.



Reforming Introductory Math Courses to Support Success for Underserved Students
Who Place in Developmental Math

Matz, Becky*

Room: Liberty Hall (T35)

5.1

This research describes results from both curricular and structural reforms in introductory math courses
at Michigan State University (MSU), a large four-year public university. These reforms have focused on
providing students with new pathways to success by eliminating an intermediate algebra course that had
a low pass-through rate, did not count toward graduation requirements, and enrolled disproportionately
high numbers of racial and ethnic minority students. The reformed curricula now place students directly
into either quantitative literacy-focused courses for students on a degree pathway not requiring calculus
or a reformed college algebra course sequence for students on a degree pathway that does require
calculus.

Analysis of Collaborative Curriculum Adaptation

Brummer, Josh*; Wakefield, Nathan; Yee, Sean P

Room: Liberty Hall (T36)

5.1

To support mathematics graduate student instructors (GSIs) as teachers, a collaboratively generated
curriculum has been developed for all precalculus courses at the University of Nebraska—Lincoln
(UNL), focusing on problem-based, student-centered instruction including lesson plans to actively
engage students. Over the past few semesters, GSIs and a faculty member at the University of South
Carolina (USC) have been working to adopt these materials at their institution for transformational
change in GSI teaching. We analyze the allocation of time and teacher design practices for various tasks
associated with the adaptation of problem-based handouts and lesson plans. We also consider the
implications for personnel with a vested interest in implementing similar changes.



Descriptions of Mathematics Graduate Teaching Assistants’ Growth as Teachers

Beisiegel, Mary*; Gibbons, Claire; Rist, Alexis

Room: Liberty Hall (T37)

5.1

Few studies have investigated how mathematics graduate teaching assistants (MGTAs) learn about
teaching over the course of their graduate programs. Over the course of four years, we surveyed and
interviewed 38 MGTAs to gain an understanding of their growth as teachers. We found that their
growth is most often limited by the support they receive from instructors they work with and the courses
they are assigned to teach.

A Framework of Covariational Reasoning in Introductory Physics

Olsho, Alexis*; White Brahmia, Suzanne; Zimmerman, Charlotte M

Room: Liberty Hall (T38)

5.1

Mathematics education researchers have developed frameworks characterizing covariational reasoning.
Here we present an early draft of an analogous framework for the covariational reasoning required in
introductory-level physics. The framework is based on the premise that a proceptual understanding of
physics quantities and their representations is the foundation of productive covariational reasoning in
physics; physicists not only “imagine a continuum of input values in the domain of the function
producing a continuum of output values” (Carlson, Oehrtman, & Engelke, 2010) but also make sense of
the inputs and outputs of each function as physical quantities. Our work indicates that physics experts
use a number of distinct strategies to reduce cognitive demands so that covariational reasoning and
making sense of physical quantities can be performed simultaneously. These strategies form the
connection between sensemaking about quantity and successful covariational reasoning in physics
contexts at the introductory level and beyond.



Using Didactical Engineering to Teach Mathematical Induction

Postelnicu, Valentina*; Gonzalez, Mario A.

Room: Liberty Hall (T39)

5.1

The study reported here applies the principles of didactical engineering to design the teaching of
mathematical induction. Three iterations of the process of didactical engineering  have been designed
and implemented with undergraduate students enrolled in a Discrete Mathematics course taught by one
of the authors. Students’ performance on induction tasks improved with each iteration.



Session Other Thursday 6:30 PM Meal
Day Time Session Type

Dinner

Room: Grand Master Ballroom

5.2



Session Other Thursday 7:00 PM Plenary
Day Time Session Type

Remediating Mathematics and Remediating Racialized Access: Lessons from a decade
of study

Gregory Larnell

Room: Grand Master Ballroom

5.3

In this talk, Dr. Gregory V. Larnell will discuss a collection of studies that he has conducted concerning
African American students’ learning experiences in non-credit-bearing remedial mathematics courses at
four-year universities. Originally aimed at understanding the role of identity construction among
undergraduates, these studies quickly evolved to encompass structural analyses of how these courses
behave institutionally, how they reinforce racialized stereotypes about Black learners, how they interact
with learners’ university-based academic socialization, and how they often work against the intent to
repair mathematical proficiency. Dr. Larnell will discuss the methods and findings of three primary
projects.



Session Other Friday 7:00 AM Meal
Day Time Session Type

Breakfast

Room: Grand Master Ballroom

5.4



Session Other Friday 8:20 AM Special
Day Time Session Type

Special Session on NSF Funding for RUME - I

Karen Keene

Room: Bohea

5.5

Karen Keene (Program Officer for NSF: EHR Division) will be on hand to present on, discuss, and
answer questions with regard to funding opportunities for mathematics education researchers,
specifically with a RUME focus.

Session I will focus on the CAREER program and on general hints/insights on working with the NSF.



Session 6 Friday 9:00 AM Contributed Reports (CR)
Day Time Session Type

"What Happened to the Vector?" Felix's Emerging Conception of Translations

Sipes, Janet*

Room: Bohea

6

Felix initially used a metaphor in considering translations between algebraic representations of systems
during an individual clinical interview. I investigated the mathematical underpinnings for his metaphor
by asking him to perform translations in the vector space register. That investigation precipitated a
discussion where Felix developed mathematical understanding for a translation between the vector space
register and the linear systems register. My analysis is based on Theory of Quantitative Systems which I
developed as a result of my study of Duval’s Theory of Semiotic Representation Registers (1999, 2006,
2017).

Students’ Understanding of Partial Derivatives

Mkhatshwa, Thembinkosi P*

Room: Singlo

6

This paper extends work in the area of quantitative reasoning at the undergraduate level, in addition to
proposing a conceptual framework for interpreting partial derivatives in different contexts. Task-based
interviews were used to examine third-semester calculus students’ reasoning about partial derivatives in
two tasks, one situated in a mathematics context (Alajmi, 2012) and the other in a diet and exercise
context. Findings of this study indicate that interpreting partial derivatives, especially in the latter
context, was problematic for a majority of the students. Overall, findings of this study suggest that
student difficulties with interpreting partial derivatives in real-world contexts are similar to student
difficulties with interpreting ordinary derivatives. Implications for calculus instruction are included.



Every Mathematics Class is Online: Students’ Use of Internet Resources for Self-
Directed Learning

Erickson, Ander*

Room: Silver 2

6

Undergraduate students make extensive use of online resources as they progress through lower-division
mathematics classes. This explanatory mixed method study (Creswell & Plano Clark, 2011) explores how
and why these students are using online resources for their self-directed learning in mathematics courses.
Using a survey of 108 students from 13 2-year and 4-year colleges and 26 follow-up interviews, we
identify the most commonly used online resources, self-reported description of how these resources are
used, and students’ perceptions of best practices as well as their concerns about maladaptive practices.
We use an Activity Theory framework (Engeström, 1999) that directs our attention to the role that tools
play in students’ development over time and how these tools are leveraged to achieve learning goals.
Our findings reveal undergraduate students as thoughtful and deliberate learners who make extensive
use of online resources to help navigate the challenges of higher education.

Characterizing Student Engagement in a Post-Secondary Precalculus Class

Fifty, David*; Buchbinder, Orly; McCrone, Sharon

Room: Salada

6

This paper reports on several aspects of a larger study aiming to characterize the engagement of students
in a Precalculus class at a four-year public university. In line with policy suggestions that advocate for the
development of flexibility in mathematics problem solving, we conducted a teaching experiment which
utilized a set of "multiple solutions activities" to expose students to alternative solution methods while
providing opportunities to examine and critique the reasoning of others. In addition, the instructor and
teaching assistant of the course attempted to use these activities to explicitly negotiate productive norms
and practices. Nevertheless, several detrimental norms emerged in the class, as the effectiveness of the
activities was hindered by several propensity factors, particularly students' prior knowledge and self-
regulation.



Students’ Interpretations of the Prompts for Proving Tasks: “Prove” and “Show”

Hwang, Jihye *; Karunakaran, Shiv S

Room: Silver 3

6

Proving can be a process for communicating mathematics and people communicating need to be
familiar with the language of mathematics. This study focuses on the prompts used for proving tasks not
only because the wording of these prompts may impact students’ modes of argumentation, but also
because students might bring their preconceptions about these prompts from previous mathematical and
non– mathematical experiences. The current study examined how Calculus I students interpret
prompts, such as “prove” and “show.” Data was from 131 survey responses and three interviews reveal
that these students possibly interpret different prompts in different ways, which can create a gap between
students’ interpretations and instructors’ or researchers’ intentions. This suggests that instructors and
researchers may need to be more deliberate in choosing such prompts.

An Investigation of an Effective Mathematical Reader and His Interactions and Beliefs
About Mathematics and Mathematics Textbooks: The Case of Shawn

Judson-Garcia, Julia G.*; Villatoro, Barbara; Lee, Inyoung

Room: Silver 1

6

Previous literature has yet to document whether students do not read their mathematics textbooks
because they choose not to or because students are unable to read them effectively. This report is a case
study investigating the relationship between a student’s beliefs about textbooks to learn mathematics and
their readings of mathematical text. We find that students may choose not to utilize textbooks as part of
their learning despite being effective mathematical readers. Future research should investigate the
relationship between what students think it means to understand mathematics and their beliefs about
learning through interactions with mathematics textbooks.



Chavrusa-Style Learning in Mathematics Classrooms: Instructor and Student
Perspectives

Flint, Rochy*; Mei, Baldwin

Room: Celestial

6

MathChavrusa is a novel application of Talmudic study techniques into the context of mathematics
education, emphasizing long-term, partnered text study and problem solving. This study implemented
MathChavrusa in semester long graduate mathematics courses, collecting data from both instructor and
student perspectives on the effectiveness of MathChavrusa in facilitating student understanding of course
material and engagement in communicating mathematics. Results indicated that students largely had a
positive impression of MathChavrusa, highlighting its impact on student engagement, creating a
conducive environment for asking peer-peer and peer-instructor questions, and was a factor in better
understanding course materials.  This study model has the potential to enhance student engagement in
mathematics classrooms and could be adopted more broadly.



Session 7 Friday 9:40 AM Contributed Reports (CR)
Day Time Session Type

Student Reasoning with Graphs, Contour Maps, and Rate of Change for Multivariable
Functions

Wangberg, Aaron D*

Room: Singlo

7

The purpose of this paper is to highlight the reasonings students use to move between representations of
multivariable functions. We identify five ways students use of aligning graphical representations of
functions, or surfaces, with contour maps. Subsequent tasks highlight the affordances one particular
reasoning, called Contour Spacing Alignment, offers for students to further develop their reasoning.  We
analyze student reasoning highlighting the transition between model-of and model-for this reasoning.

Measuring the Effectiveness of Social Justice Pedagogy on K-8 Preservice Teachers

Downing, Gregory A*; Black, Brittney

Room: Silver 2

7

This study examines ways in which preservice teachers use mathematics in a social justice context. This
study examines preservice teachers’ conceptions of teaching mathematics using a social justice lens.
Situated at a large, public, predominantly white institution in the southeast United States, where
preservice teachers are not required to take a course on teaching diverse populations, participants were
asked to respond to questions surrounding their experience with a mathematical social justice activity
adapted from Gutstein (2005). Using the preservice teachers’ responses from pre- and post-surveys,
researchers were able to compare initial conceptions of teaching for social justice to understandings after
an activity involving social justice topics of world wealth and population disparity. Preliminary results
show that preservice teachers’ attitudes shifted from naive/general notions of teaching mathematics for
social justice to somewhat more concrete ideas.



Metacognition in College Algebra: An Analysis of "Simple" Mistakes

Ryals, Megan*; Hill-Lindsay, Sloan; Burks, Linda; Pilgrim, Mary E

Room: Bohea

7

Students’ characterizations of their errors have the potential to direct their future efforts in mathematics,
both in and out of the classroom. This study investigates the errors made on one exam by three college
algebra students who identified “simple mistakes” as the primary reason they were not satisfied with
their test grade. We developed codes for the types of errors made and classified each as “simple” or “not
simple.” We then calculated the percentage of points lost due to simple mistakes for each of the three
students. Results showed that for each student, approximately 20-40 percent of the errors made on this
test could be classified as simple mistakes. We present hypotheses connecting the students’ frustration to
these results and provide directions for future research that may test these hypotheses and illuminate
differences between student and instructor definitions of simple mistakes.

Coordinating Two Meanings of Variables in Proofs that Apply Definitions Repeatedly

Dawkins, Paul*; Roh, Kyeong Hah

Room: Silver 3

7

In this paper we use data from a recent teaching experiment to characterize a particular challenge in
proof comprehension that arises when a proof uses the same definition multiple times in related ways.
This difficulty involves coordinating the role and value of a quantified variable in the definition, a
distinction we explicate in the paper. We do so by providing two proofs that exemplify the key difficulty
and presenting an episode in which two students who were reading a proof together adopted alternate
interpretations of a variable (one as value and the other as role), but were for a time unable to coordinate
the two meanings. The primary contribution of the paper is to sensitize the research community to this
challenge in a way that will help future research on students’ reading of mathematical proof.



A Preservice Teacher’s Emerging Concept Image of Function: The Case of Sofia

Beach, Janessa M*; Alvarez, James A Mendoza

Room: Salada

7

For over thirty years, the mathematics education research community has investigated individuals’
function conceptions and advocated the importance of a strong function conception. This is particularly
important in the case of preservice secondary mathematics teachers (PSMTs) as their knowledge of
function will influence their future teaching of function. This study explores how one PSMTs’, Sofia’s,
function concept image changes when she engages with research-based tasks and explorations designed
to elicit cognitive conflicts related to function conceptions. Thematic analysis methods were applied to
open-ended, tasked-based pre- and post-interviews designed to evoke aspects of individuals’ function
concept image. Between the pre- and post-interviews, Sofia participated in a course that implemented
11 explorations on functions. Comparing the themes identified in her pre- and post-interviews,
researchers identified four changes in Sofia’s function concept image. These changes relate to beliefs
about functions and equations, non-numerical functions, functions and graphs, and the vertical line test.

Quantitative Reasoning and Symbolization Activity: Do Individuals Expect Calculations
and Expressions to Have Quantitative Significance?

O'Bryan, Alan E*

Room: Silver 1

7

This paper describes ways of thinking students employ when they choose to use calculations or produce
algebraic expressions to respond to mathematical tasks and their expectations regarding the meanings of
what they produce. My findings suggest that students’ reasoning in symbolization activity is often guided
by perceptual features of tasks, such as the numbers explicitly given in prompts and key words students
identify. I describe the construct “emergent symbolization” as a potentially productive way of thinking in
symbolization activity based on synthesizing prior work and the results of this study. I close by making
connections between similar work in analyzing students’ ways of thinking about graphs and discussing
how my work contributes to the common instructional goal of promoting connections between
representations.



What is Encompassed by Responsiveness to Student Thinking?

Gehrtz, Jessica*

Room: Celestial

7

The way instructors respond to student thinking is an important topic of education research, yet a lack
of clarity and consistent use of terminology prevents clear communication among researchers on this
topic. Researchers use a wide variety of terminology, including teacher follow up, sensitivity to students,
uptake, and responsiveness to refer to leveraging student thinking during various instructional practices.
In this paper, I use thematic analysis to analyze 34 articles that draw on constructs related to
responsiveness to student thinking from within the science and mathematics education literature. Results
from this analysis shed light on a distinction between responsiveness as a disposition and as enacted
responsiveness. This work has implications for professional development providers interested in
supporting instructors in implementing active learning and student-thinking centered practices.



Session Other Friday 10:20 AM Break
Day Time Session Type

Coffee Break

Room: Silver Foyer/Tea Gallery Foyer

7.1



Session 8 Friday 10:50 AM Preliminary Reports (PR)
Day Time Session Type

Student Mathematical Activity During Analogical Reasoning in Abstract Algebra

Hicks, Michael D*

Room: Salada

8

This paper examines the mathematical activity of two students as they engage in reasoning about topics
in ring theory by analogy with topics in group theory. Analogies are represented by mappings between a
source and target domain (Gentner, 1983). Participants were given task-based interviews, each focused
upon a particular structure from ring theory: rings, subrings, ring homomorphisms, and quotient rings.
Techniques from grounded theory were utilized to analyze the interview transcripts with the goal of
interpreting and describing the mathematical activity of the students. Preliminary results indicate that
there are three main categories of activity: foregrounding the source or target domain, focusing on
similarities or differences, and which mapped aspects of the domains are the focus of the reasoning.
“Pathways” are identified as a way to capture the dynamic nature of students’ reasoning by analogy in
abstract algebra.

Exploring the Relationship between Textbook Format and Student Outcomes in
Undergraduate Mathematics Courses

Mesa, Vilma*; Gerami, Saba; Liakos, Yannis

Room: Singlo

8

As part of a large grant that investigates how students and instructors use university open source, and
open access textbooks in teaching, we collected learning and performance data from students. In this
paper we explore the relationship between textbook format (PDF versus HTML) and student outcomes
in three undergraduate mathematics courses—linear algebra, abstract algebra, and calculus. We did not
find differences in student outcomes by textbook format or course. We propose some reasons for these
findings including little differences in instructor use of the textbook formats. We pose some questions for
the audience.



Math Outreach- A Learning Opportunity for University Students

Ghosh Hajra, Sayonita*

Room: Silver 2

8

This article is a preliminary report describing a mathematics outreach program, a partnership among
university faculty, underrepresented graduate and undergraduate students, and elementary school
students in the west coast. This program aimed to develop math literacy through after-school
engagement. This program provided opportunities to university students to apply university-learning
experience in an out-of-class settings. The study participants were four university students who taught
various mathematical topics to about twenty-five 3rd to 6th graders weekly for five weeks at a local
public elementary school. The data consisted of university students’ self-reflections which revealed
commonalities between their perceptions of the learning objectives for elementary students and for
themselves that they thought were met. They also developed awareness and understanding of various
issues that exists within education; they learned new mathematical vocabulary, and made explicit
connections of their teaching experience with university-learning experience.

The Role of Mathematical Meanings for Teaching and Decentering Actions in Productive
Student-Teacher Interactions

Rocha, Abby E*; Carlson, Marilyn

Room: Bohea

8

Teachers’ mathematical meanings impact their instructional practices and constitute their images of the
mathematics they teach and intend students to learn (Thompson, 2013). While numerous studies have
focused on K-12 teachers’ mathematical knowledge for teaching (MKT) and mathematical meanings for
teaching (MMT) (Thompson, 2013), few studies have examined university level instructors’
mathematical meanings (e.g., Musgrave & Carlson, 2016). In this report, we explain what we mean by
mathematical meanings for teaching and productive student-teacher interactions and use video data to
characterize the relationship between teachers’ MMT and decentering actions when teaching. Our
results illustrate how a teacher’s MMT can influence the teacher’s ability to make sense of and use
student thinking during an interaction in which the teacher is attempting to decenter. Conversely, we
illustrate how decentering actions can lead to advances in a teacher’s MMT.



Proving Activities of Abstract Algebra Students in a Group Task-based Interview

Lew, Kristen M*; Melhuish, Kathleen; Dawkins, Paul

Room: Silver 3

8

This proposal presents data from a session of a design-based research study in which three
undergraduate mathematics students compare two attempts to prove that group isomorphism preserves
the abelian property. We offer examples of students’ proof construction, comprehension, and validation
behaviors in a classroom-like setting. We observe that these three processes alternate and interact in this
kind of teaching/learning environment. We argue this space thus provides new opportunities for
investigating the relationships among the three kinds of activities to complement previous studies that
isolate any one such activity.

When Covariational Reasoning Does Not “Work”: Applying Coordination Class Theory
to Model Students’ Reasoning Related to the Varied Population Schema and Distribution
GraphsRodriguez, Jon-Marc G*; Becker, Nicole; Stricker, Avery

Room: Silver 1

8

Covariational reasoning is a fundamental concept that is necessary to interpret graphical representations
of dynamic processes; however, some graphical representations, such as distribution graphs (histograms),
are intended to be “read” differently and require an alternative set of strategies for eliciting relevant
information and drawing inferences. In this study, semi-structured interviews were conducted with
twelve general chemistry students to investigate their reasoning related to the varied population schema,
the idea that for a given system, molecules vary with respect to different parameters. Students were
prompted to discuss distribution graphs that highlight the variation in a system and their reasoning was
analyzed using coordination class theory, a framework that builds on the knowledge-in-pieces
perspective to define “concepts” and conceptual change. Preliminary analysis indicates that although
students that have productive ideas for sensemaking, they may not necessarily use them appropriately, in
some cases unproductively using covariational reasoning to interpret the graphs.



Shifting Pedagogical Beliefs into Action through Teaching for Mathematical Creativity

Tang, Gail*; Savic, Milos; Cilli-Turner, Emily; Regier, Paul; Karakok, Gulden; El Turkey, Houssein

Room: Celestial

8

Through participation in a research project on fostering creativity in calculus, two instructors showed
shifts in their beliefs on teaching. Participation in the project entailed creating mathematical tasks
designed to elicit creative responses from students. Support for task development included participation
in weekly online professional development sessions. In this paper, we share one instructor’s shifts in
beliefs as well as alignment of her pre-existing beliefs with pedagogical actions. Preliminary analysis of
her entrance tickets to the professional development sessions and her exit interview indicates that this
instructor a) shifted her previous beliefs about a perceived time pressure and b) manifested her existing
beliefs into actions regarding multiple-approach tasks.



Session 9 Friday 11:30 AM Contributed Reports (CR)
Day Time Session Type

Synthetic vs. Analytic Formalism of Matrix Representations in Linear Algebra: What it
Means to Diagonalize a Linear Transformation

Caglayan, Gunhan*

Room: Salada

9

The contributed report highlights linear algebra students’ understandings of the matrix representations
of certain linear transformations defined on R^3 with respect to given bases in a DGS-MATLAB
assisted pedagogical environment. The research focused on the diversity of strategies that students
utilized specifically in the process of diagonalizing linear transformations in a series of in-depth
qualitative interviews within a framework of modes of description and thinking in linear algebra
(Dreyfus, Hillel & Sierpinska, 1998; Sierpinska, 2000). Data analysis revealed three main categories: (i)
synthetic-geometric mode manifested as the visual alignment strategy in which students visualized each
image vector as a multiple of the corresponding preimage vector; (ii) analytic arithmetic mode prevailed
in the process of expressing the image vectors in terms of the preimage vectors; (ii) analytic structural
mode was observed in the process of determining the diagonal form of the linear transformation with
reference to the transition matrices and the commutative diagram.

Students’ Interpretations of Expressions from Calculus Statements in the Graphical
Register

Parr, Erika D*

Room: Singlo

9

Graphs of real-valued functions figure prominently in the study of calculus. While the use of graphs in
instruction has shown promise for supporting student thinking, previous research has also shown that
students may interpret graphs in ways that differ from an instructor’s intention. This study aimed to
investigate how students interpret expressions from calculus statements in the graphical register. To this
end, I conducted 150-minute clinical interviews with 13 undergraduate mathematics students who had
completed a calculus course. In the interviews, students evaluated six calculus statements for various
real-valued functions depicted in graphs in the Cartesian coordinate system. I describe the
characteristics of four distinct interpretations of expressions from these statements in the graphical
register that students used in this study, which I refer to as (1) nominal, (2) ordinal, (3) cardinal, and (4)
magnitude. I discuss some implications of these findings for teaching and directions for future research.



You Don’t Want to Come Into a Broken System: Critical and Dominant Perspectives for
Increasing Diversity in STEM among Undergraduate Mathematics Program
StakeholdersTremaine, Rachel*; Hagman, Jessica E; Gehrtz, Jessica; Voigt, Matthew K

Room: Silver 2

9

As attention grows towards the disparities between majority groups and underrepresented minorities
within undergraduate STEM education, there is a need for understanding where different university
stakeholders stand on the subject of increasing diversity. This paper aims to juxtapose categorizations of
stakeholder motivations and dominant and critical perspectives to propose a framework for analyzing
stakeholder attitudes and informing increasingly productive conversations on eliminating inequity in
STEM fields.

One Mathematician’s Epistemology of Proof and  its Implications for her Comments
and Marks on Students’ Proofs

Kontorovich, Igor'*

Room: Silver 3

9

Balacheff (2008) offers the notion of epistemology of proof to account for researchers’ views on what a
mathematical proof is from a teaching-learning perspective. This study argues that an awareness of
mathematicians’ epistemologies of proof might provide insight into their rationales and actions when
teaching university students how to prove. This argument is illustrated by the case of one mathematician
who provided comments and marks on proofs submitted by her graduate students as part of her course
instruction of topology. A commognitive framework is mobilized to discern the mathematician’s
epistemology of proof.



Reasoning Covariationally about Constant Rate of Change: The Case of Samantha

Tallman, Michael A*; Weaver, John

Room: Bohea

9

We present the results of a teaching experiment designed to foster a pre-service secondary teacher’s
construction of a scheme for constant rate of change through engendering reflecting and reflected
abstractions. Although the research participant developed a productive conception of rate of change as
an interiorized ratio, images of chunky continuous covariation imposed an obstacle to her ability to
reason efficiently across a variety of contexts. The participant’s rate of change scheme was grounded in
reflected abstraction, which enabled her to become consciously aware of its essential aspects and to
appreciate its applicability across a variety of contexts.

Empirical Re-Conceptualization: Bridging from Empirical Patterns to Insight and
Understanding

Ellis, Amy*; Lockwood, Elise; Lynch, Alison G.

Room: Silver 1

9

Identifying patterns is an important part of mathematical investigation, but many students struggle to
explain or justify their pattern-based generalizations or conjectures. These findings have led some
researchers to argue for a de-emphasis on pattern-based activities, but others argue that empirical
investigation can support the discovery of insight into a problem’s structure. We introduce a
phenomenon we call empirical re-conceptualization, in which learners identify a conjecture based on an
empirical pattern, and then re-interpret that conjecture from a structural perspective. We elaborate this
construct by drawing on interview data from undergraduate calculus students and research
mathematicians, providing a representative example of empirical re-conceptualization from each
participant group. Our findings indicate that developing empirical results can foster subsequent insights,
which can in turn lead to justification and proof.



Factors That Influence Graduate Student Instructors' Pedagogical Empathy

Uhing, Karina*

Room: Celestial

9

Interpersonal relationships are central to the teaching and learning of mathematics. One way that
teachers relate to their students is by experiencing empathy for them. In this study, I explore the
phenomenon of pedagogical empathy, which is defined as empathy that influences teaching practices.
Specifically, I examine how graduate student instructors (GSIs) conceptualize empathy as it relates to the
teaching and learning of mathematics and identify factors that influence this pedagogical empathy. The
findings presented in this paper emerged from interviews with 11 GSIs in which they answered questions
designed to elicit their thoughts about empathy. The participants provided complex and diverse notions
of how empathy relates to teaching mathematics. Conclusions drawn from this paper may help inform
professional development efforts targeted at novice and experienced instructors at the post-secondary
level.



Session Other Friday 12:00 PM Meal
Day Time Session Type

Lunch

Room: Grand Master Ballroom

9.2

Mentoring/Discussion Tables

Room: Grand Master Ballroom

9.2

Mentors from the RUME community will lead roundtable discussions on the following topics: LGBTQ
+ Ally critical discussion, the job search: Identifying fit and preparing your materials for a research-
intensive school; The job search: Identifying fit and preparing your materials for a teaching-intensive
school; The job search: navigating online and on-campus interviews for a research-intensive school; The
job search: navigating online and on-campus interviews for a teaching-intensive school; Publishing in
RUME; Seeking NSF Funding.
There will also be tables assigned for discussion around the following topics: Teaching introductory
calculus; Teaching pre-service teachers; Teaching: Integrating your RUME interests and identity into
teaching opportunities



Session 10 Friday 1:10 PM Preliminary Reports (PR)
Day Time Session Type

Examining the Qualities of Schema in Topology

Berger, Ashley*; Stewart, Sepideh

Room: Salada

10

According to Skemp (1979), a schema is a structure of connected concepts that determines the
effectiveness of our director systems. He defines many qualities of a schema, including the strength of
connections and the existence of high-order schemas. We use undergraduate-level Topology tasks to
investigate two examples of rich schemas to learn more about these two qualities and to see what they
may look like practically.

Supporting Students’ Construction of Dynamic Imagery: An Analysis of the Usage of
Animations in a Calculus Course

Mirin, Alison*; Yu, Franklin; Khan, Ishtesa

Room: Singlo

10

Calculus is about change and thus dictates a need for instruction involving dynamic imagery. DIRACC
(Developing and Investigating a Rigorous Approach to Conceptual Calculus) utilizes animations to
support students’ dynamic imagery. This paper investigates how students use and understand
animations in the DIRACC textbook in connection with associated calculus topics.



For Women in Lecture, How They Feel Matters – A Lot

Keller, Rachel E*; Johnson, Estrella; Keene, Karen; Andrews-Larson, Christine; Fortune, Nicholas

Room: Silver 2

10

As support for non-lecture pedagogy grows, the number of instructors implementing active-learning
approaches in their undergraduate mathematics classrooms is steadily increasing. The proliferation of
such techniques has led to the inevitable investigation into the potentially differential effects for various
sub-populations and equity therein. In this study, the primary objective was to link specific affective
factors to student performance with an eye to variations by gender and/or pedagogical approach.
Results suggest that different forms of instruction impact men and women in different ways; specifically,
affective reports are better predictors for women’s scores on a content assessment than for men and this
effect is more salient in lecture classes as compared with active-learning environments. Furthermore,
there is evidence that which specific affective traits influence performance also varies by subgroup.

Comparison of a Pre-requisite to Co-requisite Model of Remedial Mathematics

Tague, Jenna*; Nuñez, Dahlia R; Czocher, Jennifer A

Room: Bohea

10

There has been a movement away from the pre-requisite model of requiring a year of remedial algebra
towards the co-requisite model of providing support in relevant major math courses. The purpose of this
project was to examine students’ mathematical beliefs and quantitative reasoning before and after a
switch to a co-requisite model.



Physics Students’ Implicit Connections Between Mathematical Ideas

Smith, Trevor I*; White Brahmia, Suzanne; Olsho, Alexis; Boudreaux, Andrew

Room: Bigelow

10

The Physics Inventory of Quantitative Literacy (PIQL) aims to assess students’ physics quantitative
literacy at the introductory level. PIQL’s design presents the challenge of isolating types of mathematical
reasoning that are independent of each other in physics questions. In its current form, PIQL spans three
principle reasoning subdomains previously identified in the research literature: ratios and proportions,
covariation, and signed (negative) quantities. An important psychometric objective is to test the
orthogonality of these three reasoning subdomains. We present results that suggest that students’
responses to PIQL questions do not fit this structure. Groupings of correct responses identified in the
data provide insight into the ways in which students’ knowledge may be structured. Moreover, questions
with multiple correct responses may have different responses in different data-driven groups, suggesting
that the both the answer choice and the context of the question may impact how students (implicitly)
relate various ideas.

An Example of Computational Thinking in Mathematics

Purdy, Branwen*; Lockwood, Elise

Room: Silver 1

10

The term computational thinking has engaged multiple disciplines in discussions about how to prepare
students for careers in a technological society. However, a wide variety of definitions and settings has
made it difficult for researchers to clarify what is meant by computational thinking. In this paper, I
present a case study that explores one setting in which computational thinking and mathematics interact,
through an interview with a computational mathematics PhD student. I consider the influence that
computational thinking and mathematical knowledge have on each other through three key moments in
the student’s dissertation process. Additionally, I consider the role of affect in computational thinking
and the potential benefits that computational thinking carries for the future of mathematicians.



Communication and Community: GTA Perceptions on a Professional Development
Program

Ho, Anne M.*; Pilgrim, Mary E

Room: Celestial

10

Graduate teaching assistants (GTAs) play an important role as instructors in math departments. As a
result, professional development (PD) opportunities have been developed to support these primarily
novice instructors, but these programs can vary widely. This study assesses the state of a PD program for
GTAs at a large, public, doctoral-granting institution. Surveys and interviews were analyzed with using
Social Cognitive Theory (SCT) as a framework.



Session 11 Friday 1:50 PM Contributed Reports (CR)
Day Time Session Type

Get That Basket! Deciphering Student Strategies in the Linear Algebra Game Vector
Unknown

Mauntel, Matthew*; Levine, Benjamin; Plaxco, David; Zandieh, Michelle

Room: Bohea

11

We present results of a grounded analysis of individual interviews in which students play Vector
Unknown - a video game designed to support students who are taking their first semester of linear
algebra. We categorized strategies students employed while playing the game. These strategies range
from less-anticipatory button-pushing to more sophisticated strategies based on approximating solutions
and choosing vectors based on their direction. We also found that students focus on numeric and
geometric aspects of the game interface, which provides additional insight into their strategies. These
results have informed revisions to the game and also inform our team’s plans for incorporating the game
into classroom instruction.

In the Driver’s Seat: Course Coordinators as Change Agents for Active Learning in
University Precalculus to Calculus 2

Williams, Molly*; Rasmussen, Chris; Uhing, Karina; Smith, Wendy; Apkarian, Naneh; Martinez, Antonio; Zigterman, Rachel;
Wakefield, Nathan
Room: Singlo

11

Mounting evidence of the effectiveness of active learning strategies has prompted some mathematics
departments to engage in transformational change efforts. However, convincing instructors to change
their teaching practices can be difficult. Some departments are using the coordination of multi-section
courses as a vehicle to enact changes and have hired or designated course coordinators to oversee efforts
to transform instruction via active learning. This study explores the role of coordinators as change agents
for active learning using data collected from five university mathematics departments, all of which are
successfully sustaining such efforts. Coordinators who act as change agents leverage three key drivers for
change: providing materials and tools, encouraging collaboration and communication, and encouraging
(and providing) professional development. Coordinators must also understand the local contexts and
culture in order to engage in effective processes for supporting departmental change. Implications of this
research are discussed for departments seeking to transform instruction.



Construction of a Mathematics Learning Assistant’s Fragile Mathematics Identity

Kress, Nancy*

Room: Silver 2

11

This paper shares results of a discourse analysis of an interview with a female student who was working
as an undergraduate mathematics tutor and learning assistant. The student is shown to have developed a
mathematics identity made up of a strong identity as a doer of mathematics and a weak sense of
belonging within her mathematics community. I use robust mathematics identity to refer to a
mathematic identity that includes both a strong identity as a doer of mathematics and a sense of
belonging in mathematics. A fragile mathematics identity is one in which one or the other of these
constructs is not present. This interpretation of these terms is closely aligned with, but slightly different
from, the way these terms are used in other literature in the field. This student is shown to have a fragile,
rather than robust, mathematics identity.

A Model for Assessing ITP Students’ Ability to Validate Mathematical Arguments

Fagan, Joshua B*

Room: Silver 3

11

In this paper I discuss the process of creating a closed-form multiple-choice assessment of students’
ability to validate mathematical arguments at the introduction to proof (ITP) level. This process
involved: (1) creating and validating a framework of common validity issues (CVI) in proof writing as a
basis for assessment creation through a mathematician survey (n=228) and two focus groups (n=4 &
n=7); (2) creating and piloting an open version of the assessment as a means to create distractors for the
closed assessment; (3) creating, piloting (n=187) and analyzing the results from the closed form
assessment; and (4) conducting interviews with student participants after the pilot to determine the
process that students took during the pilot.  The results of the processes offer an assessment that, with
some refinement, can measure students’ ability to validate mathematical arguments from several
perspectives in the ITP setting.



Secondary Prospective Teachers’ Strategies to Determine Equivalence of Conditional
Statements

Buchbinder, Orly*; McCrone, Sharon

Room: Salada

11

Future mathematics teachers must be able to interpret a wide range of mathematical statements, in
particular conditional statements. Literature shows that even when students are familiar with conditional
statements and equivalence to the contrapositive, identifying other equivalent and non-equivalent forms
can be challenging. As a part of a larger grant to enhance and study prospective secondary
teachers’ (PSTs’) mathematical knowledge for teaching proof, we analyzed data from 26 PSTs working
on a task that required rewriting a conditional statement in several different forms and then determining
those that were equivalent to the original statement. We identified three key strategies used to make
sense of the various forms of conditional statements and to identify equivalent and non-equivalent forms:
meaning making, comparing truth values and comparing to known syntactic forms. The PSTs relied
both on semantic meaning of the statements and on their formal logical knowledge to make their
judgments.

Student Verification Practices for Combinatorics Problems in a Computational
Environment

De Chenne, Adaline E*

Room: Silver 1

11

Counting problems have been shown to be challenging for students to solve correctly, and one reason is
that they can be difficult to verify (e.g., Eizenberg & Zaslavsky, 2004). The field would benefit from
further investigations into the nature of students’ verification of counting problems. One possible avenue
for verification is to have students engage with computational tools and environments. In this paper, we
investigate how students verify solutions to combinatorial problems in the context of using Python
computer programming. We show that students do not simply use a computed numerical answer when
verifying, but they demonstrate a rich understanding between a computer program and a counting
process. Further, we exhibit some affordances that using Python to verify solutions provides to the
students.



Knowledge for Teaching at the Undergraduate Level:  Insights from a STEM-wide
Literature Review

Speer, Natasha*; Shultz, Ginger; Andrews, Tessa C

Room: Celestial

11

Research on Mathematical Knowledge for Teaching has helped the education community understand
the complex, knowledge-related factors that shape instructors’ practices and the learning opportunities
they create for students. Much of this work has occurred in the context of K-12 teaching. Although
expanding, research on knowledge for teaching undergraduate mathematics is not extensive. A similar
situation exists in science education. To help support these research efforts and theory development, we
analyzed literature on knowledge for teaching STEM content at K-12 and undergraduate levels.
Findings take the form of cross-disciplinary themes and descriptions of how components of knowledge
for teaching are defined in different disciplines. This cross-disciplinary view into research on knowledge
for teaching provides assistance to researchers who wish to leverage work from outside of mathematics
and the analysis also reveals some under-examined areas of knowledge for teaching that might be
productive foci for future research in RUME.

Exploring the Knowledge Base for College Mathematics Teaching

Corey, Doug*; West, Linlea; Kaluhiokalani, Kamalani

Room: Bigelow

11

In this paper we explore a wide sample of currently available instructional materials intended for college
mathematics instructors (textbooks, magazines, teacher editions, lesson plans, teaching articles,
classroom notes for flipped classrooms, books, etc.) in order to assess how available materials are
building a knowledge base for teaching. We modify a framework from Hiebert & Morris (2009) to look
for key categories of knowledge that are fundamental for a knowledge base for teaching mathematics.
We found that few articles contained meaningful amounts of multiple categories. We use the categories
to describe the nature of current available materials and argue that a new genre of instructional material
and scholarly work to create the missing knowledge is needed.



Session 12 Friday 2:30 PM Contributed Reports (CR)
Day Time Session Type

What Comes to Mind? A Case Study of Concept Images In Topology

Gallagher, Keith*; Engelke Infante, Nicole

Room: Bigelow

12

Prior research has shown that students tend to reason in terms of the informal components of their
concept images rather than rely on formal concept definitions when working with topics in mathematics.
However, students’ concept images may be incomplete or inaccurate, or students’ evoked concept
images may exclude important features of concepts or classes of examples. This report describes two
students’ evoked concept images of concepts in general topology as revealed through their completion of
proof tasks as well as some of the effects those images had on their success in proving. We also discuss
the impact of the students’ exploration of their example spaces on their concept images and on their
proof writing.

Calculus Students’ Epistemologies of Mathematics: The Case for a Dynamic
Interpretation

Merighi, Caroline*

Room: Singlo

12

Students’ epistemologies (beliefs about mathematical knowledge) play a significant role in how they learn
mathematics. Much prior work in this area describes student epistemologies as unitary, where evidence
of a particular epistemology is taken to represent that student’s singular epistemology of mathematics.
Most argue that these epistemologies stem from their experiences across their mathematics classes. This
study set out to examine students’ epistemologies in introductory calculus and how those epistemologies
influence and reflect students’ experiences in mathematics courses. To a significant extent, it confirms
results from prior studies. However, through one-on-one it finds more variability in students’
epistemologies than most of the literature has described. That variability is significant for helping
educators think about how to help students learn mathematics in general, and calculus in particular.



Math and Moral Reasoning in the Age of the Internet: Undergraduate Students’
Perspectives on the Line Between Acceptable Use of Resources and Cheating

Levin, Mariana*; Smith, John; Karunakaran, Shiv S; Küchle, Valentin; Gady, Sarah; Hwang, Jihye ; Elmore, Bob; Bae, Younggon

Room: Silver 3

12

This study examined how eight students in an introduction to proof (ITP) course viewed a “cheating
scandal” where their peers submitted homework containing solutions found on the web. Drawing on
their weekly log entries, the analysis focuses on the students’ reasoning about the difference between
acceptable and unacceptable use of internet resources in learning mathematics. One pattern was that
students’ view of the relationship between beliefs about mathematics and the work of learning
mathematics grounded their views of “cheating.” Specifically, some felt that an implicit didactical
contract required that model solutions should be available when one learned new material. The case
raises the general issue of the relationship between the process of learning mathematics and the
appropriate use of external resources. It suggests that instructors may need to re-examine the role of
homework, especially its assessment, in their courses, so that productive struggle is valued, not avoided.

A Conceptual Analysis for Optimizing Two-Variable Functions in Linear Programming

Liang, Biyao *; Ying, Yufeng; Moore, Kevin

Room: Bohea

12

Secondary mathematics curricula predominantly present linear programming by introducing the corner
point principle and formulating steps for a solution. The teaching and learning of this topic often
overlook justification for the principle and procedures. Drawing on six clinical interviews with an in-
service teacher, we illustrate how her covariational reasoning supported conceiving quantities’ multi-
variation entailed by an objective function and its constraints (a system of inequalities). We build upon
this teacher’s understandings to propose a conceptual analysis for optimizing two-variable objective
functions in the context of linear programming.



How Do Students Engage with 'Practice Another Version' in Online Homework?

Dorko, Allison*

Room: Silver 1

12

Homework is one of students' opportunities to learn mathematics, but we know little about what
students learn from homework or how they learn it. Online homework platforms contain a variety of
resources students might access. This paper explores how students used a 'practice another
version' (PAV) feature. Findings indicate students used PAV problems for extra practice, as templates, to
see the steps for solving a problem, to make sense of a solution method, to troubleshoot when their own
method did not work, to see the form of an answer, to maximize their score, and to check that their
method was on the right track. The primary uses were for sensemaking, to see steps, or to use the
problem as a template. This work lays groundwork for future work characterizing what students learn
from homework and how features such as PAV help (or hinder) their learning.

A Confirmatory Factor Analysis of EQIPM, a Video Coding Protocol to Assess the Quality
of Community College Algebra Instruction

Mesa, Vilma*; Lamm, Rik; Watkins, Laura; Duranczyk, Irene; Ström, April; Kohli, Nidhi

Room: Salada

12

Evaluating the Quality of Instruction in Post-secondary Mathematics (EQIPM) is a video coding
instrument that provides indicators of the quality of instruction in community college algebra. Following
an extensive revision, and the coding of a set of 84 videos from 40 instructors, we report the results of a
confirmatory factor analysis, that suggests that the instrument captures three distinct hypothesized
dimensions of quality of instruction in community college algebra classes. Due to the nature of the
instruction observed, the items in the instrument needed to be treated as categorical and some had to be
removed from the analysis. We use the data to provide a first glimpse of the quality of algebra
instruction that we found in this data set.



How problem posing can impact student motivation: A case study

Regier, Paul*

Room: Celestial

12

This case study utilizes self-determination theory (Deci & Ryan, 2000) to explore the motivational
development of three students who participated in problem posing as part of an introduction to proofs
course. The experience of these students illustrates several ways in which problem posing can create new
more integrated habits of motivational regulation. However, the differences of these cases highlight how
students may benefit from experiencing problem posing in a way that makes explicit the purposes of
student problem posing in relation to other educational goals.  This research underscores the
motivational benefits of making the connections between problem posing, problem solving, learning,
and self-regulation more explicit earlier in students’ mathematical education.



Session Other Friday 3:00 PM Break
Day Time Session Type

Coffee Break

Room: Silver Foyer/Tea Gallery Foyer

12.1



Session 13 Friday 3:30 PM Contributed Reports (CR)
Day Time Session Type

Student Meanings for Eigenequations in Mathematics and in Quantum Mechanics

Wawro, Megan*; Thompson, John ; Watson, Kevin L

Room: Salada

13

Students encounter advanced mathematical concepts in both mathematics classes and physics classes.
What meanings do they develop about the concepts across the various contexts? Our research project
investigates students' meanings for eigentheory in quantum mechanics and how their language for
eigentheory compares and contrasts across mathematics and quantum physics contexts. We present
students' interpretations of a canonical mathematical 2x2 eigenequation, a spin-½ operator
eigenequation, and a spin-½ operator equation in which the operation "flips" the spin state. In
individual, semi-structured interviews, 9 quantum mechanics students were asked to explain what the
first two equations meant to them and then to compare and contrast how they conceptualize
eigentheory in the two contexts. They were then asked to discuss the third equation. Using discourse
analysis, results characterize students' nuanced imagery for the equations and highlight instances of
synergistic and potentially incompatible interpretations.

Departmental Change in Reaction to the Threat of Losing Calculus: Three Cases

Alzaga Elizondo, Tenchita*; Ellis, Brittney; Apkarian, Naneh; Sanchez-Robayo, Brigitte; Robbins, Claire; Johnson, Estrella

Room: Singlo

13

This paper presents narratives of change at three university mathematics departments in response to
administrative insistence on improvements in the face of pressure from engineering colleges. Specifically,
these three departments were faced with the prospect of losing calculus teaching to another unit on
campus and reacted to prevent that outcome. These three departments initiated change efforts including
the recruitment of newly appointed leaders to oversee improvements, and all have successfully
maintained control of calculus because of perceived program improvements. Drawing on sociological
perspectives, we discuss the ways in which change was navigated and negotiated at each site. We found
common characterizations of change leadership limited these descriptions of complex change processes,
suggesting a need to refine such characterizations in ways that capture more nuanced situations.



A Tale of Two Sides: Students’ Feedback Preference and Professors’ Feedback Provision

Schraeder, Nurul*; Miller, David

Room: Silver 3

13

The purpose of this study is to investigate students’ engagement with and utilization of the proof
feedback from their professor, and their feedback preferences. We interviewed seven participants about
their general experience with feedback on proofs. We then continued interviewing four of these students
periodically about the feedback they received on specific selected proofs to see how they interpreted the
feedback they received and how they utilize the feedback when asked to revise their proof production.
The results showed that the majority of participants had a strong preference towards explicit feedback
and, in contrast, that professors provided primarily implicit feedback. Furthermore, we found that
students did not read professors feedback when they received satisfactory grades on their proofs, they
usually only utilized the feedback when working subsequent assignments or studying for exams, and they
did not use the Professors’ feedback to rewrite their proof production.

Differentiating between Quadratic and Exponential Change via Covariational
Reasoning: A Case Study

Vishnubhotla, Madhavi*; Paoletti, Teo

Room: Bohea

13

Quadratic and exponential relationships are important topics in school mathematics. However, there is
limited research examining students’ understandings of these relationships. In this paper, we present
data from a semester-long teaching experiment with a pre-service teacher in which we examined ways in
which she could leverage covariational reasoning to differentiate between quadratic and exponential
change. Whereas in the pre-interview, the student did not have meanings that supported her in
differentiating between the relationships, her experiences in the teaching experiment supported her in
developing more robust meanings. By the end of the teaching experiment, the student could differentiate
between quadratic and exponential change.



A Case of Learning How to Use and Order Quantified Variables by Way of Defining

Vroom, Kristen*

Room: Silver 1

13

Research literature suggests that students struggle in gaining fluency with mathematical language, and
especially with statements with multiple quantifiers. I conducted a design study rooted in Realistic
Mathematics Education in order to support students in developing such fluency. Drawing on the
emergent model heuristic, I present a pair of students’ reinvention of relationships between variables in
statements with multiple quantifiers. This work is a case study for how students might engage in defining
in order to learn how and in which order to use quantified variables. Relationships between variables
first emerged as a model-of a pair of students’ activity as they defined different concepts that are best
defined using multiple quantified variables. Additionally, these relationships became more explicit to the
students as they reflected on their definitions.

Analyzing Collegiate Mathematics Observation Protocols: Attending to the Instructional
Triangle and Inquiry-Based Mathematics Education Practices

Miller, Erica R*; Rogers, Kimberly C; Yee, Sean P

Room: Celestial

13

Typically, departments and universities evaluate and provide feedback to college mathematics
instructors on their teaching by conducting classroom observations. When these observations are guided
by an observation protocol, the protocol provides a particular lens that focuses the observer’s attention
on certain aspects of instruction. To understand the way in which mathematics departments are
currently evaluating teaching, we investigated the structure, focus, and alignment with inquiry-based
mathematics education practices of items on 25 observation protocols. The results suggest that protocols
mainly include closed-response items that are evaluative, focus more on the instructor than the students
or the content, and rarely attend to inquiry-based mathematics education practices. These results have
implications for both those who develop observation protocols and those who use observation protocols
as a measure of teaching practices. In particular, our study highlights the need for careful consideration
to be taken when observations are used for performance measures.



Future Teachers’ Use of Multiplication and Division to Formulate Linear Equations

Izsák, Andrew*; Beckmann, Sybilla

Room: Bigelow

13

We report results from administering a paper-and-pencil survey to 56 future middle grades and
secondary grades mathematics teachers enrolled in teacher preparation programs at two large public
universities in the Southeast. We intentionally designed one task on the survey so that it could be used
with the variable-parts perspective on proportional relationships. The task asked teachers to show
relationships among quantities described in the text by drawing a picture of the situation, writing an
equation, and writing a few sentences to explain their equation. Analysis of the responses led to three
results: (a) most future teachers represented relationships between parts and wholes appropriately, either
by comparing parts to parts or by combining parts to make wholes, (b) future teachers were as successful
using division as multiplication when writing linear equations that combined two different units, and (c)
when future teachers made errors, reversal errors were the most common.



Session 14 Friday 4:10 PM Preliminary Reports (PR)
Day Time Session Type

How Mathematicians Assign Homework Problems in Advanced Mathematics Courses

Fukawa-Connelly, Tim*; Johnson, Estrella; Hegg, Meredith; Weber, Keith; Rupnow, Rachel L

Room: Salada

14

While many aspects of the teaching and learning of advanced mathematics have been explored, the role,
construction, and values of homework has been virtually ignored. This report draws on task-based
interviews with six mathematicians to explore the relationship between an instructor’s learning goals and
the factors they consider in selecting homework problems as well as general homework construction
heuristics. Our initial findings are that 5 of the 6 participants viewed homework as a critical part of
student learning, that the majority of the participants’ claims focused on either the mathematics or how
the problem would help students learn, and that there was variance among the mathematicians in terms
of selection of problems and rationales.

University Students’ Defining Conceptions of Linearity

Samuels, Jason*

Room: Singlo

14

Linearity plays an extensive role in both elementary and more advanced mathematics. Unlike other such
topics, investigation into student understanding has been limited. Nineteen students enrolled in
multivariable calculus were asked about their conceptions of linearity. Most provided only elementary
notions. Implications and future research are considered.



Self-Efficacy in a Flipped Calculus II Classroom

Kerrigan, John A*

Room: Silver 1

14

Self-efficacy (Bandura, 1977), an individual’s belief in his or her ability to succeed at a specific task, is a
predictor of student performance and persistence in mathematics (Pajares & Miller, 1994; Zeldin &
Pajares, 2000). Thus, it is important to understand how students’ self-efficacy changes in different
settings. When designed carefully, certain mathematics learning environments are more conducive to
students’ development of self-efficacy as they allow for multiple self-efficacy opportunities (Sawtelle,
Brewe, & Kramer, 2012). Flipped classrooms (Lage, Platt, & Treglia, 2000) reverse classroom lecture
and out-of-class assignments and may increase self-efficacy, as students have opportunities for
collaborative work and instructor feedback during class. The purpose of our study was to investigate
changes in students’ self-efficacy in a flipped Calculus II course. Quantitative findings included
significant increases in students’ self-efficacy in Calculus. Qualitative findings revealed that students
believe their experiences in a flipped classroom setting increase their mathematics self-efficacy.

Undergraduate Learning Assistants and Mathematical Discourse in an Active-Learning
Precalculus Setting

Savic, Milos*; Simmons, Katherine; Moore-Russo, Deborah; Andrews, Candace; Kornelson, Keri

Room: Bohea

14

Undergraduate learning assistants (ULAs) are becoming more popular in mathematics classrooms. With
this growth, there is a need to understand ULAs’ roles in the classroom. Using a four-level distinction
from univocal (ULA was the only voice in the conversation) to dialogical (ULA was fostering group
discussion), we investigated the discourse between ULAs and students while in an active-learning setting.
Our conjecture was that much of the discourse would fall in either univocal or dialogical; however, the
ULAs’ discourse was an array of all four ratings. We attribute this to the ULAs recognizing the
“intellectual need” of the students in the moment.



Defining Key Developmental Understandings in Congruence Proofs from a
Transformation Approach

St. Goar, Julia*; Lai, Yvonne

Room: Silver 3

14

Previous work by the authors (2019) identified two potential key developmental understandings (KDUs)
(Simon, 2006) in the construction of congruence proofs from a transformation perspective for pre-service
secondary teachers in an undergraduate geometry course. We hypothesized the independence of the
potential KDUs in previous work, meaning that students may have one potential KDU but not the
other, and vice versa. We tested this hypothesis with analysis of an expanded data set and found that this
hypothesis did not hold in general. We report on the expanded analysis and discuss the implications for
the scope and limitation of the potential KDUs. Such work can lead to a more precise understanding of
how these potential KDUs may be addressed by instructors of undergraduate geometry courses.

How Different is Different? Examining Institutional Differences Prior to Scaling Up a
Graduate Teacher Training Program to Improve Undergraduate Mathematics
OutcomesHarrell-Williams, Leigh M*; Olson, Gary A; Webb, Jessica; Houston, Scotty; Gomez, Josias

Room: Celestial

14

This paper presents the findings of a baseline comparison of three universities undertaken at the start of
a project to implement and evaluate the components of a comprehensive graduate student teacher
training program in mathematical sciences designed at one institution and replicated at two peer
institutions. Program components include a first-year teaching seminar, peer mentoring and support
from a peer TA coach, a Critical Issues in STEM Education seminar, and K-12 outreach to inform
understanding of the pipeline. Differences in undergraduate demographics and performance in
introductory mathematics courses, GTA responsibilities, prior departmental GTA training elements,
and GTAs attitudes towards teaching mathematics/statistics are presented. Implications for program
implementation and assessment of study goals related to institution differences are presented.



Session Other Friday 4:50 PM Plenary
Day Time Session Type

The Role and Use of Examples in Proving-related Activity

Eric Knuth

Room: Grand Master Ballroom

14.1

Mathematicians often spend significant time carefully considering and analyzing examples during
proving-related activities (i.e., developing, exploring, understanding, and proving conjectures). This
effort often provides not only a deeper understanding of the conjecture but also insight into the
development of a proof. In contrast, students often use examples in their proving-related activities,
however, they typically spend very little time carefully considering and analyzing the examples they use.
Although students’ example use is often viewed as a stumbling block to learning to prove, my colleagues
and I view such use as playing both a foundational and essential role in learning to prove. In this talk, I
will share research results from two inter-related projects that investigated example use in proving-
related activities. In the first project, we examined the nature of students’ example use and its relation to
what they find convincing. And in the second project, we examined the nature of secondary school
students’, undergraduate students’, and mathematicians’ thinking about the examples they use during
proving-related activities. Collectively, the results from both projects provide insight into the ways in
which the productive use of examples in proving-related activities may facilitate the development of
students learning to prove.



Session Other Saturday 7:00 AM Meal
Day Time Session Type

Breakfast

Room: Grand Master Ballroom

14.2



Session Other Saturday 8:20 AM Special
Day Time Session Type

Special Session on NSF Funding for RUME - II

Karen Keene

Room: Bohea

14.3

Karen Keene (Program Officer for NSF: EHR Division) will be on hand to present on, discuss, and
answer questions with regard to funding opportunities for mathematics education researchers,
specifically with a RUME focus.

Session II will focus on the EHR Core Research and Building Capacity in STEM Education solicitation.



Session 15 Saturday 9:00 AM Preliminary Reports (PR)
Day Time Session Type

Mathematical Modeling Competitions from the Participants’ Perspective

Roan, Elizabeth A*; Czocher, Jennifer A

Room: Salada

15

This study is a post-hoc analysis of pre and post survey data from two rounds of a mathematical
modeling competition comprised of high school and undergraduate participants (n=107). The purpose
of this study is to describe the expectations participants held going into the competition and compare
them to those held by researchers and designers of modeling competitions. Additionally, this study
examines participants’ satisfaction with the competition. Results showed that participants, researchers,
and designers held differing expectations. Participants expected to gain more practical experience but
afterward reported gaining practical experience and soft skills. Lastly, participants tended to gain what
they expected from the competition; those who felt their expectations were not met would not
recommend the competition to others (regardless of what their initial expectations were)

Active Learning Approaches and Student Self-Confidence in Calculus: A Preliminary
Report

Fuller, Edgar*; Castillo, Adam; Watson, Charity; Duran, Pablo; Potvin, Geoff; Kramer, Laird

Room: Singlo

15

In this work we present the first collection of results of a study of student attitudes towards mathematics
during the first year of implementation of a fully active learning in mathematics (ALM) approach in
Calculus I at a large, research intensive (R1), Hispanic serving institution. Students were randomly
assigned to either a treatment section or control section with students in the treatment group
participating in the new curriculum. The Attitudes Towards Mathematics Inventory (ATMI) was used
to measure student attitudes at the beginning and end of the course and the results compared. The ALM
curriculum was found to increase student confidence while the traditional approach decreased it.



Attending Mathematics Conferences as a Means for Professional Development: A
Preservice Teacher’s Evolving Identity

Hall, William*; Whitehead, Ashley

Room: Bohea

15

In this preliminary report, we present data and initial findings on a preservice teacher’s developing
identity of becoming a teacher of mathematics after attending a regional mathematics conference. We
are particularly interested in reporting on one case, Krista’s, experiences leading up to the mathematics
conference, her experience during the mathematics conference, and how these experiences led to the
evolvement of her identity as a preservice teacher of mathematics. Reflections on the conference, focus
group data, and autoethnographies written by the students were collected, and we present the
preliminary analysis with the overall goals of: discussing the issues/strengths of using autoethnographies
as a research methodology in mathematics education, using Krista’s experiences to help recreate similar
conference experiences for other preservice teachers, and to discuss how Krista’s identity developed as
she became a novice teacher of mathematics.

Would You Take Another Inquiry-Based Learning Mathematics Course?   Links to
Students’ Final Exam Grades and Reported Learning Gains

Bubp, Kelly*; Hallman-Thrasher, Allyson; Shaw, Otto; Budhathoki, Deependra

Room: Silver 3

15

Despite active learning’s promise for student gains across cognitive, affective, and social domains
(Laursen et al., 2011), lecture-based teaching dominates instruction in college mathematics courses in
the United States (Stains et al., 2018). In this study, college students enrolled in a Calculus I course
responded to an inquiry-based learning (IBL) pedagogical approach via a survey that included Likert-
scale items and open-ended questions. We sought to determine if there was a relationship among student
performance in the class, students’ reported learning gains, and whether or not they would take another
IBL mathematics course. Those who responded positively to IBL (49%) performed better on the final
exam than those who responded negatively (35%).  Additionally, over 55% of those who responded
positively reported gains in their ability to work on mathematics collaboratively and communicate
mathematical ideas whereas less than 30% of those who responded negatively to IBL reported similar
gains.



Linking Terms to Physical Significance as an Evaluation Strategy

Akinyemi, Abolaji  R*; Thompson, John ; Loverude, Michael

Room: Silver 1

15

One expected outcome of physics instruction is that students develop quantitative reasoning skills,
including evaluation of problem solutions. To investigate students’ use of evaluation strategies, we
developed and administered tasks prompting students to check the validity of a given expression. We
collected and analyzed written and interview data at the introductory, sophomore, and junior levels.
Tasks were administered in three different physics contexts: the electric field due to three point charges
of equal magnitude, the velocity of a block at the bottom of an incline with friction, and the final
velocities of two masses in an elastic collision. An unexpected strategy used by some students was to
associate physical significance with terms in an expression (e.g., associating a term in an electric field
expression with a specific point charge). We explore the significance of these responses and propose
explanations for the frequency of this phenomenon in different contexts.

Implementing an Open Educational Platform in Blended Learning

Kim, Minsu*

Room: Celestial

15

Adopting open educational resources (OER) with an organized educational frame has the potential to
not only reduce student cost for learning materials but also improve student learning, instructional
methods, and educational environments. The aims of this study are to explore student perspectives on
the use of an OER platform in blended learning, and to examine student achievement, engagement, and
opportunity for learning mathematics. As a mixed project, the data was collected from 423 students in
15 sections of Elementary Statistics during four semesters. The results of this study showed that the use
of an OER learning platform in blended learning promoted student engagement and significantly
increased student opportunity for learning. There were not significant differences in student
achievement between adopting an OER learning platform in blended learning and adopting
commercial resources in regular classes. This study will contribute to the knowledge of the open
educational use of technology.



Session 16 Saturday 9:40 AM Contributed Reports (CR)
Day Time Session Type

Linear Algebra Thinking in the Embodied, Symbolic and Formal Worlds:  Students'
Reasoning behind Preferring certain Worlds

Stewart, Sepideh*; Epstein, Jonathan

Room: Bohea

16

To understand linear algebra concepts, one needs to be familiar in many different modes of thinking.
Mathematicians often move between these modes of thinking fluently and expect that students will pick
up the main ideas along the way. Yet, a majority of students do not have the cognitive framework to
perform the move that is so natural to mathematicians. Employing Tall’s (2013) three-world model, in
this research a set of linear algebra tasks were given to students in order to encourage them to move
between Tall’s embodied, symbolic and formal worlds of mathematical thinking. Our working
hypothesize is that by creating opportunities to move between the worlds, students may be exposed to
multiple modes of thinking which results in richer conceptual understanding. The results of a survey
revealed that a majority of students preferred the symbolic world. Their reasoning for their choices will
be discussed.

Development of Students’ Shared Understanding in Guided Reinvention of a Formal
Definition of the Limit - from Commognitive Perspective

Park, Jungeun*; Martin, Jason H; Oehrtman, Michael

Room: Salada

16

This paper examines the mechanism behind students’ guided reinvention process of a formal definition
of the limit of a sequence by looking at how students’ shared understanding develops and what
discursive rules enable such development using the commognitive approach focusing on the relationship
between routines (discursive rules) and changes in endorsed narratives (shared understanding). A
Calculus II instructor conducted a teaching experiment in which 11 students reinvented a formal
definition of the limit starting from their initial statement about the sequence convergence, mainly
including dynamic language such as “approaching.” In our analysis, we identified the routines about the
application of the definition in examples and non-examples, and the consistency between written and
illustrated form of their definition, and the readers of the definition, and how those routines contributed
to the changes in students’ endorsed narratives about sequence convergence during the guided
reinvention.



The Decision to use Inquiry-Oriented Instruction: Why Don’t Beliefs Align with Practice?

Shultz, Mollee c*; Herbst, Patricio

Room: Silver 2

16

In this study of inquiry-oriented instruction (IOI), we explore the relationship between beliefs,
professional obligations, and inquiry-oriented practice among college mathematics instructors.
Professional obligations consist of the responsibilities that instructors have towards various stakeholders,
including the institution, the individual students, mathematics as a discipline, and society (Herbst &
Chazan, 2012). Past studies have reported inconsistencies between beliefs and practice; professional
obligations may help explain why instructors cannot always realize IOI practices in the classroom. We
operationalize these constructs in a set of surveys and use structural equation modeling to explore the
hypothesized relationships.

An Analysis of Opportunities for Reasoning-and-Proving in a University Precalculus
Textbook

Geteregechi, Joash M*; Waswa, Anne N

Room: Silver 3

16

In this study, we provide an analysis of opportunities for undergraduate students to engage in the skill of
reasoning-and-proving in a precalculus textbook in a medium-sized university in North Eastern USA.
To investigate these opportunities, we focused our analysis on the frequency and nature of reasoning-
and-proving opportunities available in both the exercises and narrative section of the book. Findings
indicate that there were more reasoning-and-proving opportunities in the narrative section of the book
than in the student exercises section. Furthermore, the opportunities in the student exercises section
were predominantly of the particular nature while those in the narrative section were general.
Implications of these findings are discussed.



Using RME to Support PSTs’ Meanings for Quadratic Relationships

Mohamed, Mustafa M*; Vishnubhotla, Madhavi; Limbere, Alfred; Banner, Abiodun; Paoletti, Teo

Room: Celestial

16

Quadratic relationships are an important topic in algebra through calculus. In this report, we describe
how a task designed using Realistic Mathematics Education (RME) principles supported students in
developing meanings for quadratic relationships via their covariational reasoning. After describing the
task design and sequence, we present student activity highlighting shifts in their meanings before, during,
and after a six-week teaching experiment. We highlight the role of interactions amongst students, task,
and the teacher in supporting such shifts. We conclude with a discussion and areas of future research.

Undergraduate Students’ Perspectives on What Makes Problem Contexts Engaging

Stark, Tamara; Jones, Steven R*

Room: Silver 1

16

Using engaging problem contexts is important in instruction, and the literature contains themes of
contexts being realistic, worthwhile, or enjoyable, as well as motivating. Yet, the literature largely lacks
detailed student perspectives on what helps problem contexts achieve these characteristics. In this study,
eleven calculus students were interviewed to identify features of problems that made them engaging.
This led to a new top-level characteristic “variety,” and the identification of features that helped contexts
have the characteristics described in the literature. In particular, problems that were realistic/motivating
contained features including: (a) expansion of awareness, (b) need for math, and/or (c) explicit purpose.
Contexts that were enjoyable/motivating contained features including: (a) insertion into problem, (b)
teacher’s personal story, or (c) absurd story. At the end, we show the usefulness of these results by
critiquing problems from the literature in terms of how engaging they might be to students.



Theorizing Teachers’ Mathematical Learning in the Context of Student-Teacher
Interaction:  A Lens of Decentering

Liang, Biyao *

Room: Singlo

16

In this paper, I propose a theorization of mental processes involved in teachers’ learning of students’
mathematics in the context of student-teacher interaction. Specifically, I combine the Piagetian scheme
theory with the notions of first- and second-order modeling to characterize types of mathematical
learning that may occur when a teacher decenters. I also discuss the affordances and methodological
considerations in light of the proposed framework.



Session Other Saturday 10:20 AM Break
Day Time Session Type

Coffee Break

Room: Silver Foyer/Tea Gallery Foyer

16.1



Session 17 Saturday 10:50 AM Contributed Reports (CR)
Day Time Session Type

Dimensions of Variation in Group Work within the “Same” Multi-Section
Undergraduate Course

Smith, John*; Küchle, Valentin; Gady, Sarah; Karunakaran, Shiv S; Bae, Younggon; Hwang, Jihye ; Levin, Mariana; Elmore, Bob

Room: Salada

17

This paper reports a qualitative study of how small group problem solving was enacted differently across
sections of a multi-section undergraduate introduction to proof course. Common course materials,
common guidelines for instruction, and weekly instructor meetings led by a faculty course coordinator
supported similar instruction across sections, including an emphasis on in-class group work. But within
that shared structure, classroom observations revealed important differences in how group work was
introduced, organized, and managed. Our results focus on differences in the time allotted to group work,
the rationale for group work, the selection and organization of groups, and aspects of student activity
and participation. We suggest that these differences shaped different opportunities to learn proof writing
in small groups. These results have implications for the design and teaching of collegiate mathematics
courses where group work is a regular element of classroom work.

Folding Back in the Arzela Ascoli Theorem

Reed, Zackery K*; Oehrtman, Michael

Room: Bohea

17

While learning is often characterized as a process of abstractions from robust understandings, students’
reasoning in advanced contexts can be a more dynamic process of reflection across multiple layers of
complex cognitive structures. To explore the ways that real analysis students’ understandings of abstract
mathematical concepts evolve in the context of multi-faceted proofs, we observed students’ attempts to
prove the Arzela-Ascoli Theorem. We describe the understandings from which students built to engage
in more complex reasoning, and demonstrate their folding back (Pirie & Kieren, 1994) to facilitate the
co-evolution of their foundational and advanced understandings.



University Calculus Students’ Use and Understanding of Slope Conceptualizations

Bateman, Susan M.*; Moore-Russo, Deborah; Nagle, Courtney; Pawlikowski, Michael

Room: Bigelow

17

The purpose of this study is to investigate the visual and nonvisual approaches and conceptualizations of
slope used by introductory calculus students when presented with a variety of tasks.

Affective Pathways of Undergraduate Students While Engaged in Proof Construction
Tasks

Satyam, V. Rani*

Room: Silver 3

17

The transition to proof is a known point of struggle for many undergraduate mathematics majors. This
work examines this difficult transition point from an affective lens, specifically students’ affective
pathways while working on proof construction tasks. A series of four semi-structured interviews were
conducted with 11 undergraduate students enrolled in a transition to proof course, and affective
pathways were studied using non-traditional instruments: an emotion word selection task and an
emotion graph. Open coding and constant comparative methods were used to identify common affective
pathways within the emotion words and graphs. These pathways reveal common student experiences
while working on proofs, which may be used to fine tune external learning conditions to positively
influence engagement and experience.



A Meanings-Based Framework for Textbook Analysis

Hatfield, Neil J*

Room: Silver 1

17

Textbooks are one of the most important tools teachers and students use in any course. Thus, textbooks
can greatly influence what occurs in classrooms. Textbook analysis provides insight into the rolls and
effects of textbooks have on the potentially implemented curriculum for any course. This paper proposes
a new framework that builds from several existing ones while introducing a focus on analyzing the
authors’ conveyed meanings by drawing upon Thompson’s theory of meanings. While developed to
address a need for textbook analysis in introductory statistics, the proposed framework can work well in
mathematics and at different levels (i.e., not just introductory courses). Further, the proposed framework
is a starting point for developing a more robust framework.

The Role of Lines and Points in the Construction of Emergent Shape Thinking

Tasova, Halil I*; Liang, Biyao ; Moore, Kevin

Room: Singlo

17

In this study, we focus on a student’s meanings for lines and points in the context of graphing covarying
quantities. Specifically, we illustrate a student conceiving a line as representing a direction of movement
of a dot on a coordinate plane. Consequently, the student did not conceive a dot moving in the
coordinate plane as leaving a trace of infinitely many points; similarly, points on a line did not exist until
they were physically and visually plotted. We conclude that the student’s meanings for lines and points
had a significant impact on his graphing activities, in particular, on his construction of emergent shape
thinking.



Assessing the Uptake of Research Based Instructional Strategies by Postsecondary
Mathematics Instructors

Apkarian, Naneh*; Johnson, Estrella; Raker, Jeffrey; Stains, Marilyne; Henderson, Charles; Dancy, Melissa

Room: Celestial

17

For decades, the mathematics education research community has strived to identify, document, and
disseminate instructional strategies that support student success in mathematics courses. We now have
many research-based instructional strategies (RBIS) which have evidence to support claims that they can
be used to help students succeed in mathematics. However, the use of such practices has not become
widespread at the postsecondary level in mathematics, nor in the other STEM disciplines. This work,
focused on mathematics instructors, is part of a larger project hoping to uncover more about why and
how particular instructional practices spread in undergraduate mathematics, chemistry, and physics.
Here, we report that single-variable calculus instructors have awareness of, and use, RBIS in their
classrooms; however much of class time is spent in a lecture format. Implications of these and future
results are discussed.



Session 18 Saturday 11:30 AM Preliminary Reports (PR)
Day Time Session Type

Features of Discourses Regarding Linear Independence Concept

Dogan, Hamide*

Room: Salada

18

My work, an ongoing research, focuses on the identification of features of discourses in describing linear
independence, borrowing ideas from Sfard (2000; 2001) and Presmeg (1997;1998). This paper reports
the analysis of two participants’ discourses revealed in their responses to a single question. The findings
showed that previously formed templates and signified-signifier pairs facilitated new semiotic spaces
from which new signifiers (with new meanings) were adopted. Furthermore, participants’ descriptions of
linear independence closely resembled features of their templates.

Adapting the Norm for Instruction: How Novice Instructors of Introductory
Mathematics Courses Align an Active Learning Approach with the Demands of Teaching

Bennett, Amy B*

Room: Bohea

18

As undergraduate mathematics instructors continue to implement active learning strategies and
practices, researchers investigate the factors that contribute to classroom environments that are
conducive to this approach. In this preliminary report, four “novice” instructors share their reflections,
challenges, dilemmas, and personal growth from teaching introductory mathematics courses via an
active learning approach. Instructors navigated institutional demands and innovative, “flexible” learning
spaces to make reasonable pedagogical decisions. By examining the practicality of their decisions with
respect to teaching norms and obligations, this study emphasizes the many resources and supports that
instructors utilize to improve their teaching.



Assessing the Disciplinary Perspectives of Introductory Statistics Students

Findley, Kelly P*; Berens, Florian

Room: Silver 3

18

One purpose of introductory statistics courses is to acquaint students with important disciplinary themes,
including the nature of a statistical investigation and the types of activities that data analysts engage in.
In this paper, we discuss the development of a survey instrument intended to assess the disciplinary
perspectives of introductory students. Building from disciplinary profiles proposed in our previous work
with social science students taking statistics, combined with current discussions in the literature, we have
constructed a four-dimension framework to represent various perspectives we believe students may hold.
Through a series of think-aloud interviews with eight, first-semester college freshmen, we focused on
establishing the construct validity for items designed to assess students’ views about statistics. This paper
documents our methods, highlights our interview findings, and outlines our next steps for validation.

Student responses to an unfamiliar graphical representation of motion

Loverude, Michael*

Room: Bigelow

18

Student use of mathematics in physics is an area of current interest in RUME and physics education
research (PER). In particular, the function concept has been widely studied in RUME but has received
less attention in PER. This study probes the ability of introductory physics students to (1) interpret
graphical representations of position vs. time functions and their corresponding derivatives, to (2)
translate the graphical representation into a meaningful symbolic representation, and to (3) interpret a
novel graphical representation. Data were collected through think-aloud interviews and analyzed using a
conceptual blending framework [1]. The novel representation was challenging for students but
prompted generative reasoning and re-invention of ‘known’ rules and relationships.



Links between Engagement in Self-Regulation and Performance

Pilgrim, Mary E*; Burks, Linda; Hill-Lindsay, Sloan; Ryals, Megan

Room: Silver 1

18

This study investigates how student engagement with a self-regulatory activity is linked to subsequent
student performance. College Algebra students were given an activity that was focused on the planning,
monitoring, and evaluating aspects of self-regulation within the context of completing the square.
Responses on this self-regulatory activity were compared to performance on completing the square
problems on exams. We discuss cases of an engaged, a moderately engaged, and a disengaged student
and link to exam performance. Further, we share how findings are impacting future revisions of this self-
regulation activity.

How Mathematicians Attend to Learning Goals for Teachers

Ahrens, Sara*; Lai, Yvonne

Room: Celestial

18

Many mathematicians face the unique challenge of acting as teacher educators without necessarily
having experience working in secondary education. We propose that examining the learning goals
mathematics faculty attend to, as well as how they attend to these goals, provides promising insight into
how mathematicians lead content courses for teachers, despite this challenge. In a study which
interviewed six mathematics faculty, we were able to categorize the types of learning goals
mathematicians seek to address in these content courses. To understand how mathematicians attend to
learning goals, we developed an elaboration of the instructional triangle model which reconceptualizes
the interactions between mathematicians and students, as well as the environmental influences of these
instructional interactions.



Session Other Saturday 12:00 PM Meal
Day Time Session Type

Lunch

Room: Grand Master Ballroom

18.1



Session Other Saturday 12:00 PM Special
Day Time Session Type

Business Meeting

Room: Grand Master Ballroom

18.2



Session 19 Saturday 1:10 PM Preliminary Reports (PR)
Day Time Session Type

The Use of Nonstandard Problems in an Ordinary Differential Equations Course  for
Engineering Students Reveals Commognitive Conflicts

Rogovchenko, Svitlana *; Rogovchenko, Yuriy V; Treffert-Thomas, Stephanie

Room: Salada

19

We report on a teaching intervention in an ordinary differential equations (ODEs) course for
engineering students focusing attention on the role of nonstandard problems in the development of
students’ conceptual understanding. The lecturer designed a set of problems challenging traditional
approaches to Existence and Uniqueness Theorems (EUTs). We analyzed the students’ mathematical
discourse developed in the process of group discussions. The focus of our analysis is the underlying
unresolved commognitive conflict. We show how changing the problem design can help students to
resolve similar conflicts.

Getting Back to Our Cognitive Roots: Calculus Students’ Understandings of Graphical
Representations of Functions

Sencindiver, Benjamin D*

Room: Singlo

19

The derivative is a cornerstone of the first-semester calculus course curriculum. The concepts of
function, ratio, slope, variable, covariation, and rate of change are considered to be cognitive roots of the
derivative (Larsen, Marrongelle, Bressoud, & Graham, 2017), and this report argues for explicit
attention to student understandings of output of a function particularly when considering the derivative
in the graphical context. I draw on the location-thinking and value-thinking constructs of David, Roh,
and Sellers (2018) for describing students’ thinking about outputs of functions to connect student’s
understanding of output to student’s conceptions of differences of outputs. Through a theoretical
thematic analysis and a subsequent inductive thematic analysis of clinical interview data with calculus
students (Braun & Clarke, 2006), I code the mathematical objects refer to when considering outputs of
functions presented in graphical contexts. Codes and potential sources of variation in codes are
presented.



“f(x) Means y”: Students’ Meanings for Function Notation

VanVliet, Fern*; Mirin, Alison

Room: Bohea

19

When using function notation, some students describe f(x) as meaning the same thing as the variable y to
represent the output value of the function. This paper describes interviews with two students with vastly
different interpretations of function notation. The interviews were designed to explore how students
interpret function notation when it is used to represent the output for a given input.

Novice and Expert Evaluation of Generic Proofs

Kuster, George*; Fogarty, Neville; Bradie, Adam

Room: Silver 3

19

Mathematics education researchers do not yet agree on a shared characterization of proof, or generic
proof; neither do mathematicians. Weber's "clustered concept" (2014) isolates six properties that, to
personally varying degrees, comprise a valid proof. A generic proof consists of a sufficiently complicated
example that illustrates the underlying structures of a generalized argument. Such arguments can be
utilized to support student learning of proof. We examine students' and experts' perceptions about proof,
explicitly generic proofs. Our findings support Weber's "clustered concept," and extend its utility by
showing commensurate properties are also valued by students. In short, we observed that all participants
in our study valued an array of psychological and social factors while determining a proof's validity. In
addition, our findings suggest that experts do not consider generic arguments to be a proof.



A Conceptual Blend Analysis of Physics Quantitative Literacy Reasoning Inventory Items

White Brahmia, Suzanne*; Olsho, Alexis; Smith, Trevor I; Boudreaux, Andrew; Zimmerman, Charlotte M

Room: Bigelow

19

Mathematical reasoning flexibility across physics contexts is a desirable learning outcome
of introductory physics, where the “math world” and “physical world” meet. Physics Quantitative
Literacy (PQL) is a set of interconnected skills and habits of mind that support quantitative reasoning
about the physical world. The Physics Inventory of Quantitative Literacy (PIQL), which we are
currently refining and validating, assesses students’ proportional reasoning, co-variational reasoning, and
reasoning with signed quantities in physics contexts. In this paper, we apply a Conceptual Blending
Theory analysis of two exemplar PIQL items to demonstrate how we are using this theory to help
develop an instrument that represents the kind of blended reasoning that characterizes expertise in
physics. A Conceptual Blending Theory analysis allows for assessment of hierarchical partially correct
reasoning patterns, and thereby holds potential to map the emergence of mathematical reasoning
flexibility throughout the introductory physics sequence.

Students’ Approaches to Solving First Law Problems Following Calculation-Intensive
Thermodynamics Coursework

Parobek, Alexander P*; Towns, Marcy

Room: Silver 1

19

The first law of thermodynamics is an essential scientific principle with broad relevance across the fields
of STEM. As a foundational principle, the first law provides students with conceptual and mathematical
tools to solve cross-disciplinary problems. The pilot study summarized in this proposal investigates the
ability of engineering students to address first law problems across the field-specific contexts of
chemistry, engineering, and physics. Preliminary results suggest that the students’ prior experiences in a
calculation-intensive thermodynamics course biased student reasoning in favor of solving problems
numerically. The application of transfer of learning frameworks to this data set reveal potential
conceptual and epistemological resources activated by students that may explain this observed tendency.
These results have implications on the application of calculation-intensive problems in science and
engineering coursework.



Developing a Framework for the Facilitation of Online Working Groups to Support
Instructional Change

Fortune, Nicholas*; Chikhany, Ralph E; Hall, William; Keene, Karen

Room: Celestial

19

In this preliminary report we discuss the development of a framework regarding the facilitation of online
working groups geared at supporting instructional change at the undergraduate level. The research in
undergraduate mathematics education includes large-scale projects aimed to support individuals,
departments, and the mathematics community in reforming their instruction to align with
recommendations from professional organizations and align with existing mathematics education
research standards. One avenue that needs attention is the use of online synchronous environments to
match faculty across the world and form collaborations to support the inclusion of student-centered
activities in our mathematics classrooms. An important part of that work is to understand how to
facilitate those online synchronous environments. This preliminary report discusses the actions that
facilitators take in these environments and lays the groundwork for the use of this framework in our and
other contexts going forward.



Session 20 Saturday 1:50 PM Contributed Reports (CR)
Day Time Session Type

Students' Meanings for the Derivative at a Point

Yu, Franklin*

Room: Singlo

20

The purpose of this study is to examine students’ meanings for the derivative at a point. While students
may associate rate of change with derivative, this does not mean that the meaning they have for
derivative is productive. This study explores students’ responses to a typical calculus 1 problem that uses
derivative to determine a linear approximation. A framework is provided for describing and analyzing
students’ meanings for the derivative at a point by discussing students’ usage of time and meaning for
change in the context of a fish growing over time.

A Comprehensive Hypothetical Learning Trajectory for the Chain Rule, Implicit
Differentiation, and Related Rates: Part I, the Development of the HLT

Jeppson, Haley P*; Jones, Steven R

Room: Bigelow

20

Students can learn more deeply when conceptual understanding is at the forefront and connections are
made between topics. We hypothesize that such understanding and connections can be achieved for the
chain rule, implicit differentiation, and related rates through the construct of nested multivariation
(NM). In this first paper, we describe the process of creating a hypothetical learning trajectory (HLT)
rooted in NM for this sequence of topics. This theoretical paper contains our conceptual analysis,
literature review, and construction of the HLT.



Interactions between Student Engagement and Collective Mathematical Activity

Williams, Derek*; López Torres, Jonathan; Barton Odro, Emmanuel

Room: Salada

20

In this small-scaled classroom teaching experiment we investigated the nature of six preservice
secondary mathematics teachers’ in-the-moment engagement and collective mathematical activity as
they worked in pairs. Students participated in five 1-hour sessions focused on concepts of logarithms and
relationships between linear and multiplicative change. We analyzed pair- and whole-group
argumentation using Toulmin models (1958\2003) to understand collective mathematical activity and
individuals’ participation in argumentation. Self-reported data on student engagement were collected at
two random times per session per student, which were further explicated through recall interviews.
Results suggest active involvement in mathematical argumentation is not sufficient for high engagement.
Instead, contributing to mathematical ideas becoming taken-as-shared which prompt deeper
understanding of ongoing work align with states of relatively high engagement.

Ask Me Once, Ask Me Twice: An Initial Psychometric Analysis of  Pre-Service
Mathematics Teachers’ Responses on a Retrospective Pre-Post Format of the Self-
Efficacy to Teach Statistics (SETS-HS) InstrumentHarrell-Williams, Leigh M*; Azmy, Christina; Lee, Hollylynne; Roberts, Shelby; Webb, Jessica

Room: Silver 3

20

This study reports psychometric evidence for using the high school version of the revised Self-Efficacy to
Teach Statistics (SETS-HS) instrument in a retrospective pre-post format with for pre-service
mathematics teachers. Analyses at the subscale level indicate adequate internal consistency for “before”
and “now” ratings and a high correlation between subscale scores across both ratings. Analyses of
individual items’ item means, item-subscale total correlations, and the frequency of item mentions in
open-ended items are summarized. The retrospective pre-post format yielded SETS-HS scores with
some adequate psychometric properties, suggesting a single administration instead of two separate
administrations does not degrade the measurements.



Characteristics and Evaluation of Ten Mathematics Tutoring Centers

Byerley, Cameron O*; Moore-Russo, Deborah; James, Carolyn M; Rickard, Brian S.; Burks, Linda; Mills, Melissa; Ferreira,
Melissa; Oien, Janet; Heasom, William ; Farthing, Cynthia; Mammo, Behailu; Moritz, Daniel
Room: Silver 1

20

Quantitative and qualitative evaluation of math tutoring centers is a critical step to identify
characteristics of effective centers. A group of ten math tutoring centers gathered quantitative and
qualitative measures of effectiveness as part of an ongoing project to identify characteristics of effective
centers. This report summarizes the data collected. We will use this data in a future paper to generate
testable hypotheses about characteristics of effective math tutoring centers.

Exploring the Genetic Decomposition of Interior and Exterior Angles of Polygons with
the Use of Computer Programming and GeoGebra

Jackson, Jay L*; Stenger, Cynthia

Room: Celestial

20

Pre-service mathematics teachers need to have an advanced perspective of geometry concepts and be
able to extend and generalize the geometry content they will teach.  This study documents the continued
refinement of a geometry lesson using computer programming and GeoGebra to iteratively teach
generalization over the concept of interior and exterior angles in polygons and, ultimately, helps to
refine a previously developed genetic decomposition for continued improvement of this and future
lessons.



Session 21 Saturday 2:30 PM Contributed Reports (CR)
Day Time Session Type

Tasks to Foster Mathematical Creativity in Calculus I

El Turkey, Houssein*; Karakok, Gulden; Tang, Gail; Regier, Paul; Savic, Milos; Cilli-Turner, Emily

Room: Silver 1

21

Fostering students’ mathematical creativity necessitates certain instructional actions - one of which is
designing and implementing tasks that foster creativity. Drawing on the literature on mathematical
creativity, we describe existing research-based features of tasks for eliciting student creativity, or
creativity-based tasks, and provide suggestions for implementation of such tasks. Based on these features,
we analyzed two instructors’ first experiences designing and implementing creativity-based tasks in
Calculus I. Both instructors’ frequent use of the multiple-solutions feature suggests that this feature could
be an entry-point for designing and implementing creativity-based tasks for other instructors seeking to
foster creativity

A Comprehensive Hypothetical Learning Trajectory for the Chain Rule, Implicit
Differentiation, and Related Rates: Part II, a Small-Scale Teaching Experiment

Jeppson, Haley P*; Jones, Steven R

Room: Bigelow

21

Students learn more deeply when conceptual understanding is at the forefront and connections are
made between topics. With this in mind, we have created a hypothetical learning trajectory (HLT) for
the chain rule, related rates, and implicit differentiation to teach them in a conceptual, connected way.
In a previous paper we outlined the creation of the HLT based on nested multivariation (NM). In this
second paper we describe a small-scale teaching experiment done to test the HLT. Our results suggest
NM was an appropriate construct to base the HLT on, and we report on these students’ developing
understandings. Based on the results, we made final adjustments to the HLT in preparation for a full-
scale classroom teaching experiment.



Investigating Combinatorial Provers’ Models of Multiplication

Erickson, Sarah A*; Lockwood, Elise

Room: Silver 3

21

Combinatorial proof is an important topic both for combinatorics education and proof education
researchers, but relatively little has been studied about the teaching and learning of combinatorial proof.
In this paper, we focus on one specific phenomenon that emerged during interviews with students and
mathematicians who were experienced provers. In particular, participants displayed a wide variety of
models of multiplication for multiplication by a constant when reasoning about binomial identities, some
of which seemed to be more (or less) effective in helping students complete combinatorial proofs. We
present these models and describe episodes that illustrate implications of the models for our participants’
work. Our findings both inform research on combinatorial proof and highlight the importance of
understanding subtleties of the familiar operation of multiplication.

Framework for Characterizing University Students’ Reorganization of School
Mathematics Understandings in Their Collegiate Mathematics Learning

Lee, Younhee*

Room: Singlo

21

In an attempt to address the problem of discontinuity between school mathematics and collegiate
mathematics, the current study aimed at characterizing how university students’ previous knowledge
constructed in school mathematics can be reorganized in their learning of collegiate mathematics. To
this end, a construct called transformative transition and its accompanying categorical framework were
developed and explained with student data. A transformative transition involves a qualitative leap in
existing understandings as an individual encounters a new construct and integrates it into his/her
cognitive system. Its four categories—extending, deepening, unifying, and strengthening—delineate
different ways in which that qualitative leap might take place. Results from the analysis of interviews
with six mathematics-intensive majors revealed that the context in which the participants could actively
revisit, observe, reflect on, and interrelate their existing understandings at a higher level and from a
different angle helped them to reorganize their school mathematics understandings.



Varieties of Sameness: Instructors’ Descriptions for Themselves and Students

Rupnow, Rachel L*

Room: Salada

21

Group isomorphism and homomorphism are topics central to abstract algebra, yet research on
instructors’ views of these concepts is limited. This study examines two instructors’ views of group
isomorphism and homomorphism and how they drew on notions of sameness to describe them.
Differences between instructors’ descriptions in interviews and instruction are explored.

Tutoring Beyond Show and Tell: An Existence Proof

Johns, Carolyn*

Room: Celestial

21

Drop-in tutoring has been shown to positively impact grades.  However, little is known about what
occurs in drop-in tutoring.  This study sought to fill this gap by answering the following research
questions: 1) How do tutors interact with students?  2) What factors influence tutors’ decisions regarding
how to navigate interactions? 3) How do these factors impact tutors’ interactions?  This study provides a
descriptive case study of one tutor’s practices in the context of drop-in undergraduate Calculus I
tutoring.  Natural tutor session recordings and stimulated recall interviews were collected.  Multiple
lenses, including teacher decision-making, social and socio-mathematical norms, responsive teaching,
and cognitive apprenticeship, were utilized during analysis. Results found tutor-student interaction
patterns are more complex than previously reported in the literature.  In addition, results suggest tutors
are capable of changing their practices within the short time span of a semester and further, tutors are
capable of enacting “best practice” teaching strategies.



Session Other Saturday 3:00 PM Break
Day Time Session Type

Coffee Break

Room: Silver Foyer/Tea Gallery Foyer

21.1



Session 22 Saturday 3:30 PM Contributed Reports (CR)
Day Time Session Type

Students’ Language about Basis and Change of Basis in a Quantum Mechanics Problem

Serbin, Kaitlyn S*; Storms, Rebecah; Wawro, Megan

Room: Singlo

22

We explored how 12 quantum mechanics students from two universities discussed basis and change of
basis as they performed probability tasks, one of which required a change of basis. We found that
students’ utterances referred to a person, a calculation, or a vector being in a basis, or a vector being
written in a basis. Students discussed change of basis as changing the form of a vector, writing the vector
in another form, making a vector become a new vector, and switching bases. We performed a discourse
analysis on the situated meanings of students’ phrases.

Investigating Instructors’ Perceptions of IBL: A Systemic Functional Linguistic Approach

Gerami, Saba*; Mesa, Vilma

Room: Salada

22

Inquiry-Based Learning (IBL) teaching practices have been hard to characterize in mathematics
education research, as mathematics instructors interpret and engage with these practices in different
ways. Using systemic functional linguistics (SFL), specifically the appraisal framework (Martin & White,
2005), we analyzed responses to the question “what is IBL” given by 12 mathematics instructors who
were teaching with IBL. Our analysis was guided by the following question: What do the language
choices of a group of undergraduate mathematics IBL instructors reveal about their perceptions of IBL?
We identified how the instructors opened up, closed down, and changed the strength and focus of their
messages through their grammatical and lexical choices. We found that instructors softened their
language when defining IBL but used sharper and intensified language with less room for negotiation
when talking about teacher and student roles in IBL classrooms.



Student Self- and Simulated Peer-Evaluation of Proof Comprehension: Tina

Kemp, Aubrey*; Chamberlain Jr., Darryl J; Cooley, Laurel; Miller, Valerie; Vidakovic, Draga

Room: Celestial

22

Research shows that students in mathematics can benefit from participating in self- and peer-
evaluation. However, many students lack the self-confidence in their ability to grade their peers’ work
and often provide feedback that is unhelpful. This study investigates the criteria used by a student to
evaluate responses to questions on an assignment pertaining to comprehension of a proof by
contradiction. Two interviews were conducted with the student more than one year apart in which she
evaluated her own responses and responses written by an instructor to the questions in the assignment.
Through the lens of achievement goals, results provided show a shift in the way she used her criteria to
provide evaluations of these responses. Further, analysis indicates students may benefit from regular
activities and practice in self-/peer- evaluation of proofs without assigning a grade to help their reflection
and sense-making abilities.

Calculus for Teachers: Visions and Considerations of Mathematicians

Yan, Xiaoheng (Kitty)*; Marmur, Ofer; Zazkis, Rina

Room: Bigelow

22

Acknowledging the significant contribution of mathematicians to the mathematical education of
teachers, we explore the views of mathematicians on an envisioned Calculus course for prospective
teachers. We analyzed the semi-structured interviews with 24 mathematicians, using the EDW (Essence-
Doing-Worth) framework (Hoffmann & Even, 2018, 2019); and subsequently, we adapted the
framework by extending and refining the existing themes. The findings of our study indicate that the
mathematicians believe the primary purpose of a Calculus course for teachers is to communicate the
nature of mathematics as a discipline. By providing a variety of examples that could shape and expand
the teachers’ understanding of mathematics, the majority of the mathematicians participated in the
study emphasized the value of mathematical investigation in an envisioned Calculus course for teachers,
as well as connections within and beyond the subject.



Session 23 Saturday 4:10 PM Preliminary Reports (PR)
Day Time Session Type

Exploring and supporting physics students’ understanding of basis and projection

Schermerhorn, Benjamin*; Passante, Gina; Sadaghiani, Homeyra; Pollock, Steve

Room: Salada

23

Linear algebra plays an important role in describing quantum mechanical systems and representing
different quantum states. In particular, the ideas of basis and the process of changing basis are
fundamental to understanding the nature of quantum states. However, quantum mechanics is abstract
and can be very challenging for students.  In this paper we describe the development and
implementation of an activity that connects a quantum state to a Cartesian coordinate system as an
analogy for understanding basis. We further describe changes made from the first implementation as we
develop the activity for further use.

The Motivations and Perceived Success of Different Calculus Course Variations

Alzaga Elizondo, Tenchita*; Vroom, Kristen; Voigt, Matthew K

Room: Bigelow

23

Precalculus to single-variable calculus (P2C2) courses are a critical first educational step for students
pursuing any science, technology, engineering, and math (STEM) degree. As students come into
university courses with a wide range of preparation and skill, institutions need to be ready to meet their
needs. One way this issue is being addressed is by the development of different course variations in the
P2C2 courses. In this study we focus specifically on what motivates the creation of such course variations
and how their success is perceived. Using open-ended survey responses from key faculty and instructors
at ten institutions we identify themes relating to both the motivation and perceived success of course
variations.



A Prospective Teacher’s Mathematical Knowledge for Teaching of Inverse Functions

Serbin, Kaitlyn S*

Room: Singlo

23

Prospective mathematics teachers are often required to take a course in abstract algebra. However, there
is still some question as to how prospective teachers connect their knowledge of abstract algebra to
secondary algebra and how they might draw upon this knowledge as they teach. This study explores a
prospective teacher’s conceptions of inverse functions and their relation to the algebraic group of
invertible functions under composition. It explores how this prospective teacher draws on her
mathematical knowledge as she responds to student thinking.

Analyzing the Beliefs and Practices of Graduate and Undergraduate Mathematics Tutors

Pilgrim, Mary E*; Miller, Erica R; Hill-Lindsay, Sloan; Segal, Rebecca

Room: Celestial

23

The purpose of this qualitative study is to examine the beliefs and practices of undergraduate tutors and
graduate teaching assistants who work in mathematics support centers. This report is situated in a larger
study that is being conducted at two four-year institutions in the U.S. and focuses on our preliminary
analysis of six graduate teaching participant responses from one institution. For the first phase of the
study, we asked participants to complete a survey that was based off of the Teacher Beliefs Interview
protocol (Luft & Roehrig, 2007) in order to examine their beliefs and practices before they participate in
mathematics tutor-specific professional development activities. Using a modification of Luft and
Roehrig’s coding scheme, we coded survey item responses as Instructive, Transitional, or Adaptive.
These codes gave us a snapshot of their beliefs and practices around tutoring in mathematics.



Session Poster Saturday 4:50 PM Poster
Day Time Session Type

Conflicts During Mathematical Modeling

Kandasamy, Sindura Subanemy*

Room: Bohea (S1)

23.1

This exploratory study investigates how students attend to conflicts that arise during the validation of a
model while engaging with a mathematical modeling task. Analysis of a one-on-one task-based interview
revealed that the student attended to conflict in the following ways: (1) modifying the object of validation
(2) modifying the standard of validation, and (3) leaving the conflict unresolved

The Ant Farm Task – The Case of Ginny

Kandasamy, Sindura Subanemy*; Lee, Hwa Young; Guajardo, Lino

Room: Bohea (S2)

23.1

We present a preservice teacher’s (PST’s) progression of thinking during the Ant Farm Task (AFT). We
describe the PST’s construction of the Cartesian plane in four critical phases. The AFT presented us an
opportunity to identify important cognitive activities that supported the PST’s construction of the
Cartesian plane



Group Testing in Calculus - How do Students in Groups Work Together Equitably?

Quinn, Candice M*

Room: Bohea (S3)

23.1

Recently group testing in mathematics classes have been explored for their equitable use as a means to
re-humanize mathematics. This study extends this discussion by examining interactions within
differently composed groups to identify group structure for equitable assessments.

Quantitative Reasoning Skills for Successfully Working with Real-world Data

Peterson, Franziska*

Room: Bohea (S4)

23.1

The purpose of this pilot study was to identify quantitative reasoning (QR) skills 9th grade high school
students need to successfully construct evidence-based scientific explanations. Knowing what kinds of
QR skills 9th grade students need in science classrooms can help inform pre-service teacher programs,
since many of these skills are taught in mathematics classrooms. Preliminary results indicate that in order
to create a claim, construct evidence about the claim, and successfully reason about the claim and
evidence, students need to (a) contextualize the variables, (b) be open-minded for any relationship in the
data, and (c) use quantitative language.



My math journey: The mathematical autobiographies of four future secondary
mathematics teachers

Rice, Lisa*; Lambertus, Amanda

Room: Bohea (S5)

23.1

The research presented is part of a larger study related to myths surrounding women in mathematics
and how mathematics is done.  The broader objective of the study is to explore female pre-service
secondary teachers’ perceptions of mathematics and their mathematical-selves through myths
surrounding women in mathematics.  This presentation focuses on the mathematical autobiographies of
four participants who described their mathematical journeys and emotions at memorable points.

Student Reasoning about Determinants, Invertibility, and Linear Independence

Smith, Jessica*; Andrews-Larson, Christine

Room: Bohea (S6)

23.1

In this study, students in a first-semester Linear Algebra course learned determinants as the signed area,
or volume, of the image of the unit square, or cube. We examined how students reasoned about the
relationship between determinants, invertibility, and linear independence of column vectors after
learning about determinants in this geometric way. Most students accurately connected these three
concepts.



Perspective Outside and Within Spatial Diagrams: Pre-service Elementary Teachers’
Investigations of Shearing

Bock, Camden G*; Dimmel, Justin

Room: Bohea (S7)

23.1

This study investigates how spatial diagrams are used by pre-service elementary teachers to construct
arguments about measures of solid figures. Dynamic spatial diagrams offer immersive three-dimensional
representations of three-dimensional geometric figures, where learners can take perspectives are not
accessible in two-dimensional representations. The results describe how PSETs used perspectives outside
and within a dynamic spatial diagram to make arguments.

Characterizing Undergraduate Students’ Proving Processes out of Their “Stuck Points”

Lu, Yaomingxin*

Room: Bohea (S8)

23.1

Many undergraduate students experience significant difficulty in learning to prove mathematical
propositions. In contrast to previous work focusing on the final products of proof, this work aims to
characterize proving processes of undergraduate STEM majors who have recently completed an
Introduction to Proof (ITP) course. This study extends Carlson and Bloom’s framework in order to
better account for how undergraduate students navigate the potentially multiple “stuck points” that
students encounter during their proving processes.



Coordinating Two Levels of Units in Calculus: The Story of Rick

Grabhorn, Jeffrey*; Boyce, Steven

Room: Bohea (S9)

23.1

We conducted a constructivist teaching experiment to better understand how introductory calculus
students’ units coordinating activity supports their learning of productive conceptions of rate of change.
This poster serves to illuminate what we learned while supporting Rick, a student assessed as
assimilating with two levels of units.

Contextualized Instruction as a Motivational Intervention in College Calculus

Akbuga, Enes*

Room: Bohea (S10)

23.1

The purpose of this quasi-experimental study is to measure the impact of a contextualized-instruction
intervention on student performance expectations, utility-value, and interest in college calculus courses.
Six calculus sections were selected for this study, and three were randomly assigned to take the
intervention. Students in the three intervention sections completed calculus tasks that were
contextualized to various STEM disciplines, whereas students in the comparison sections did not. Three
tasks, one from each in computer science, physics, and engineering were contextualized. The results
indicated that the impact of the intervention on student motivation was not statistically significant.
However, student motivation significantly changed over time.



Using Activity Theory to Understand Tensions in an Extra-Curricular Mathematical
Modeling Project with Biology Undergraduates

Rogovchenko, Yuriy V*

Room: Bohea (S11)

23.1

We use activity theory to analyze tensions manifested in an activity system of an extra-curricular
mathematical modeling (MM) project with biology undergraduates at a research-intense Scandinavian
university. We present the evidence that the use of MM in education of biology students accentuates
conceptual understanding of mathematics and may lead to beneficial shifts in pedagogical practice.

Operations Requiring Transforming Quantities by Fractions

Jung, Eun*

Room: Bohea (S12)

23.1

The challenges associated with students’ construction of fractional knowledge have been an important
subject in mathematics education for decades (Steffe & Olive, 2010; Hackenberg, 2013). However,
school curricula have emphasized the part-whole fraction concept exclusively, which hinders students’
perception of the different roles of fractions (Behr et al., 1993). This study sought to investigate
preservice teachers’ understanding of quantitative reasoning with fractions in the context of fraction
multiplications and their algebraic reasoning by making use of task-based clinical interviews. The results
showed that preservice teachers’ construction of different levels-of-units structures plays a crucial role in
reasoning regarding transforming quantities by fractions. The study shows that only the participants
who constructed a unit-of-units-of units understood multiplication tasks involving fractional quantities
conceptually as transforming of one quantity to another quantity.



Engaging Students in Reflective Thinking in Precalculus

Chiorescu, Marcela*

Room: Bohea (S13)

23.1

On a metacognitive level, reflection is known to be an essential skill for improving learning. In practice,
students may not always use it of their own accord to improve this kind of learning because it can be
mentally demanding, and they often believe that learning mathematics means getting the right answer
without reflecting too much on their learning. To encourage reflection on understanding of concepts in
my Precalculus course, I introduced assignments that required students to reflect and self-assess their
learning of concepts. This study explores this type of pedagogical approach.

Online course discussion and Student Performance

DiScala, Elizabeth*; Akl, Yasmine

Room: Bohea (S14)

23.1

Abstract:  At a small, private university in Northeastern United States, an ongoing research project is
being conducted on select mathematics courses to determine if an online component positively
influences student learning.  Online discussion forums are incorporated into the traditional lecture
format with the goal of improving learning outcomes. Preliminary data suggest a positive correlation
between the online component and improved student performance in the course.  Keywords: online
learning, hybrid, calculus, college algebra



The Interaction between Instructor and Students in Community College Algebra
Classrooms

Lim, Dexter*

Room: Bohea (S15)

23.1

This poster presents evidence and results from two of the codes, Instructor-Student Continuum of
Instruction and Classroom Environment, from the current version of our video coding protocol for
community college algebra instruction. We highlight the findings, teaching examples, challenges, and
implications from analyzing 135 hours of video data from 44 community college algebra classrooms,
entailing coding of 1110 segments for teaching algebra at the community college level.

Justifying and Reconstructing in the Generalizing Process: The Case of Jolene

Graysay, Duane*

Room: Bohea (S16)

23.1

This poster shares a case of reconstructive generalizing. Specifically, Jolene’s response to a
reconstruction task is presented as an illustration of an approach to reconstructive generalizing. Given a
generalization and a request to develop a new generalization about an expanded domain, Jolene
developed a justification for the given generalization and used that justification to scaffold her reasoning
toward a reconstructed claim.



College Mathematics Instructors Learning to Teach Future Elementary School Teachers

Hauk, Shandy*; Tsay, Jenq-Jong; Jackson, Billy

Room: Bohea (S17)

23.1

This interactive poster presents recent results from research into an online professional learning
experience for those new to teaching mathematics courses for future elementary school teachers.  Course
participants included graduate student, contingent, and tenure-track instructors from 2- and 4-year
colleges. Results use three data sources: participant contributions in asynchronous discussion boards,
verbal and textual communication during synchronous live sessions, and individual interviews.
Questions driving the research: What did instructor-learners find challenging? Reassuring? How did
they use what they learned? Why that way?

Replacing Remedial Algebra With a Credit Bearing Math Education Course

Tepper, Michael*; Brown, Rachael E

Room: Bohea (S18)

23.1

This report describes the first year of a pilot study to replace a non-credit bearing remedial algebra
course with a credit bearing mathematics course designed for elementary education majors.  The
replacement course focuses on developing a deeper understanding of numbers and operations,
compared to a primarily skills based remedial class. The resulting course average and passing rates of
both courses, as well as passing rate of subsequent courses are included.



A Comparison of Students’ Quantitative Reasoning Skills in STEM and Non-STEM Math
Pathways

Elrod, Emily*; Park, Joo Young

Room: Bohea (S19)

23.1

This study investigated students’ Quantitative Reasoning (QR) in STEM and Non-STEM math
pathways using the Qualitative Literacy & Reasoning Assessment (QLRA). Participants were students
who were enrolled in at least one college-level math pathway course at a large public institution in
southeastern U.S. The results showed that STEM students scored, on average, higher than Non-STEM
students. Both STEM and Non-STEM students who were further along in their math sequence had
higher QLRA scores than those taking the gateway math courses in that pathway. However, students
overall had relatively low QLRA scores, with an average score of 24%. These results indicate there is
still a great deal of improvement to be made in students’ QR skills and that the math pathways initiative
to align math curriculum with career fields and degree majors, while very important, does not invariably
address quantitative reasoning.

Using Commognition to Study Student Routines Performed in the Context of Ring
Theory

Küchle, Valentin*

Room: Bohea (S20)

23.1

Drawing on the commognitive framework, I studied student routines in the context of ring theory. Four
micro-routine clusters emerged, as well as several macro-routines. Furthermore, questions about the
commognitive framework and its operationalization were raised.



An Analysis of Racialized and Gendered Logics in Black Women’s Interpretations of
Instructional Events in Undergraduate Pre-calculus and Calculus Classrooms

Marshall, Brittany L*; McNeill, Taylor; Leyva, Luis; Battey, Dan

Room: Bohea (S21)

23.1

The study used group interviews to capture the ways in which Black women made sense of various
discouraging events, with a particular focus on the ideological and instructional logics (Battey & Leyva,
2016) behind their interpretations of the events. Four women were interviewed in small groups (with
either Latinx women or Black men) about their reactions to several composite events created from
experiences of other students that occurred in pre-calculus and calculus courses. Three themes emerged
in the analysis. First, participants perceived instructors as favoring students of the same race and gender,
especially when the tenor of instructor-student interactions varied consistent with preferential treatment
of students with the same identity. Second, participants perceived power dynamics based on race,
gender, and professional hierarchy limiting their options for responding to discouraging incidents to
staying silent or switching classes. Thirdly, the Black women cited negative racialized and gendered
stereotypes surrounding mathematics and intellectual ability to explain invalidating or dismissive
instructor behaviors. These findings give insight into the racialized and gendered logics within ideologies
and institutional structures that shape marginalizing experiences of entry-level mathematics instruction
among Black women.

Relationships Between Lisa's Units Coordination and Interpretations of Integration

Boyce, Steven*; Grabhorn, Jeffrey

Room: Bohea (S22)

23.1

At this poster, we will discuss results of a teaching experiment investigating productive and problematic
ways students assimilating with two levels of units reason about integration.



Chase that Rabbit! Designing Vector Unknown: A Linear Algebra Game

Levine, Benjamin*; Mauntel, Matthew; Zandieh, Michelle; Plaxco, David

Room: Bohea (S23)

23.1

We report on the second iteration of the game Vector Unknown, a linear algebra game based upon the
Magic Carpet Ride sequence from the Inquiry Oriented Linear Algebra (IOLA).  Observations from the
first round of gameplay interviews produced a variety of student strategies.  These student strategies
informed revising the game to introduce three different difficulties and the addition of a tutorial mode.
In particular, we found that the presence of standard basis vectors could affect the strategies employed
by the participants.

Designing Proof Comprehension Tests in Real Analysis

Amman, Kristen; Athey, Brooke; Guajardo, Lino; Olsen, Joseph; Orr-Woods, Christian*; Mejia-Ramos, Juan Pablo

Room: Bohea (S24)

23.1

This poster presents a project aimed at developing and validating short tests to assess students’
comprehension of eight proofs that are commonly studied in undergraduate real analysis courses. We
describe the project’s method, illustrating a process of fine-tuning items through the analysis of
undergraduate students’ responses and mathematicians’ evaluations of these items. We also discuss some
of the difficulties we encountered when designing proof comprehension tests in this context. In
particular, we discuss challenges regarding (1) the heterogeneity of course curricular approaches to
present these theorems and their proofs, and (2) the assessment of different facets of understanding a
proof in this setting.



Influence of University Teachers' Meanings on Their Interpretation of Student Meanings

Thackray, Ian*

Room: Bohea (S25)

23.1

In this poster I explore the relationship between university mathematics professors’ meaning for average
rate of change (AROC) and how they interpret student written work. Five professors’ meanings for
AROC were characterized using two Mathematical Meanings for Teaching Secondary Mathematics
(MMTsm) items. Their meanings were found to be robust, but difficult to connect to the different ways
they interpreted student meaning in written work. I hypothesize that this difficulty is, at least in part, due
to limitations in extending the MMTsm framework to characterization of post-secondary instructors’
meanings.

What Meanings of Concavity Might Students Construct in a Dynamic Online
Environment?

Thackray, Ian*

Room: Bohea (S26)

23.1

Many online materials are available to students learning calculus (e.g., Kahn Academy, S.O.S. Math,
MIT OpenCourseWare, and Paul’s Online Math Notes) which were designed to help students in their
courses, but not necessarily to help students develop conceptual meaning. We are designing an online
environment on a website platform with the intent of meeting students where they are in their courses
while also attending to recent advances in mathematics education research. We propose a study
designed to investigate the meaning-making of students interacting with these online materials. In
particular, this context provides windows into student thinking that are different from traditional
written- or interview-based data sources. We seek input from RUME researchers on the design of
studies related to the concept of concavity.



Prospective and In-service Mathematics Teachers’ knowledge in the Teaching of
Statistics

Erskine, Abigail*

Room: Bohea (S27)

23.1

This study investigated the various knowledge types possessed by mathematics teachers in the teaching
of statistics with the use of questionnaire as an instrument to measure teacher’s knowledge in the
teaching of this discipline. This paper discusses the results on the knowledge possessed by prospective
and in-service mathematics teachers in the teaching in the teaching of statistics in Ghana. The results
revealed that there was no significant difference between the knowledge possessed by both prospective
and in-service teachers in the teaching of statistics

A tale of two approaches: Comparison of evaluation strategies in physics problem
solving between first- and third-year students

Akinyemi, Abolaji  R*; Thompson, John ; Loverude, Michael

Room: Bohea (S28)

23.1

One expected student outcome of physics instruction is a set of quantitative reasoning skills that include
evaluation of problem solutions. As part of a larger project, we developed and administered tasks to
physics students that probe their use of these kinds of evaluation strategies. In a pair interview setting, we
asked first-year students and juniors to evaluate expressions for the final velocities of two skaters involved
in a one-dimensional elastic collision. The techniques used by the two groups show the differences
between novice and intermediate versions of certain evaluation strategies. To do this, we focus on the
role of algebra and mathematical operations in the checking process, how the students seem to view
equations, and the different ways numbers are plugged into the given equations. By presenting this to
the RUME community, we hope to gain insight into relevant RUME frameworks.



Student Use of Dirac Notation to Express Probability Concepts in Quantum Mechanics

Riihiluoma, William*; Thompson, John

Room: Bohea (S29)

23.1

As part of an effort to examine student understanding and use of mathematical representations in
quantum mechanics, three students were interviewed. In one task, developed to investigate student
understanding of representations for probability concepts, students generated expressions in Dirac
notation consistent with quantum mechanical formalism. While two of the students provided reasoning
consistent with Dirac notation’s emphasis on vector concepts, the third did not appear to reason in this
way at all. We use the symbolic forms framework to both analyze their reasoning and propose
preliminary symbolic forms for Dirac notation elements.

Using Morphemes to Understand Vocabulary in College Algebra

Jones, Anedra W*

Room: Bohea (S30)

23.1

Regardless of the type of institution, college algebra courses are challenging for students nationwide.
One potential reason is the large amount of vocabulary. Mathematical definitions are densely packed
with terminology. Instructing students to use morphemes to understand new vocabulary is an important
technique from disciplinary literacy. Functions are a major topic in college algebra courses. Thus, this
study focused on the definitions of four types of functions: linear, quadratic, polynomial, and rational,
with attention to whether or not the morphemes were mentioned.



Defining and Measuring Sense-Making and Procedural Flexibility in Community College
Algebra Classrooms

Lim, Dexter*; Akoto, Bismark

Room: Bohea (S31)

23.1

In this poster, we share results from a qualitative study investigating the instructional quality in algebra
lessons at community colleges. Evidence and findings were gathered from a corpus of video data from
fall 2017. We will present two codes, Instructors Making Sense of Mathematics and Supporting
Procedural Flexibility, from our video analysis protocol. We will use these two codes to illustrate the
interaction between instructor and content within the context of community college algebra instruction.
We will explain the challenges in coding, implications for teaching algebra, and what we learned from
our coding and calibration of videos.

Using Diagnostic Testing to Challenge Barriers to Access and Inform Instruction in
Calculus 1

Seashore, Kimberly*; Aguilar, Alexandra

Room: Bohea (S32)
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Calculus 1 has long been known as a barrier to student participation in college STEM majors.  To
address these roadblocks, we revised placement criteria for Calculus 1, and required all students to
complete the Mathematics Diagnostic Teaching Project (MDTP) as preliminary diagnostic data.
Analysis of students prior course completion, intended area of study, diagnostic test results, and course
grades reveal variation between placement criteria and course outcomes that call into question the
premise of the course enrollment criteria.  Students attempting to enroll in Calculus 1 through
placement testing rather than pre-requisite courses may face greater barriers to access,
disproportionately affecting students taking non-traditional or discontinuous paths through college level
mathematics. Results are used to influence ongoing reforms to both placement and instruction in
Calculus 1.



Navigating College Algebra in 2019: a Case of Internet Resources as a Guide

Higgins, Abigail L*; Minners, Jessamyn

Room: Bohea (S33)
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Students today are using the Internet to study mathematics and complete their homework in drastically
new ways. This poster presents a case study of a student’s use of these resources in College Algebra and
implications for assessment of out-of-class work and equity surrounding these tools.

Elementary School Geometry to University Level Calculus: Building Upon Learning
Trajectories Rooted in Covariational Reasoning with Area Contexts to Support
Covariational Reasoning Related to Implicit DifferentiationStevens, Irma E*

Room: Bohea (S34)

23.1

Building from Panorkou’s (2017) learning trajectory for dynamic measurement developed from
elementary students’ reasoning with dynamic shapes, I use the results of a semester-long teaching
experiment to demonstrate how covariational reasoning with a dynamic rectangular area context can
extend beyond the elementary school classrooms to develop reasoning about rates of change as it relates
to constructing formulas that are representative of the an equation resulting from implicit differentiation.
Specifically, I relate a secondary mathematics pre-service teacher’s reasoning with dynamic area
contexts to the learning trajectory proposed by Panorkou. I then identify her additional covariational
reasoning used to construct formulas that re-presented relationships between the lengths and areas of the
dynamic shapes. I conclude by providing suggestions for how her reasoning can be used to build towards
meanings about implicit differentiation.



Is Research in a Lower-Level Mathematics Class RUME?

Aly, Geillan D*

Room: Bohea (S35)

23.1

This poster serves to elicit discussion within the RUME community on experiences and observations the
author has had submitting research conducted in lower-level mathematics classes. Analysis of past
RUME proceedings shows that the RUME community focuses the majority of its attention in calculus
and upper-level courses. Thus, the majority of undergraduates and marginalized students are not
represented in RUME research.

Using Primary Sources to Improve Classroom Climate and Promote Shared
Responsibility

Venkatesh, Anil; Bagley, Spencer*

Room: Bohea (S36)

23.1

To address a deteriorating classroom climate at the midpoint of a two-semester upper-division
mathematics course sequence, we employed a novel instructor-led intervention: reading a mathematics
education manuscript together with students as an invitation to legitimate peripheral participation in
scholarly reflection on teaching and learning. This intervention resolved student complaints and
promoted the idea of shared responsibility. We propose that reading mathematics education literature
with students can be an effective tool for improving the climate of the classroom, and that using the
didactical contract in this way can particularly help students claim their share of responsibility for their
own learning.
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Making Room in RUME for Computational Activity: Using Programming to Support
Students’ Mathematical Reasoning

Elise Lockwood

Room: Grand Master Ballroom

23.3

Growing trends in mathematics education advocate for more integration of computation in the
education of future mathematicians, and some argue that programming can serve as a mechanism to
enrich students’ mathematical thinking and learning. Indeed, computational activity, and programming
in particular, already comprise an increasingly essential aspect of doing mathematics, and engaging in
computing is as accessible as it ever has been. Given the growing influence of computation within
mathematics, we risk disadvantaging our students if we do not prepare them for the evolving,
computational terrain of mathematical work. I suggest that students’ mathematical education should
include an explicit integration of computational activity (and programming in particular) into their
mathematical experiences. In this talk, I urge our RUME community to consider ways in which
programming can be meaningfully incorporated into our field’s existing research agendas. I present
several key rationales for the integration of computation and mathematics, as outlined in education
literature and policy documents. Then, as a motivating example, I present results from a study in which
undergraduate students engaged with Python code as they solved combinatorial problems. I frame the
study within current research on combinatorics education to demonstrate how we can leverage existing
work without needing to reinvent new research agendas. I maintain that our RUME community is well
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