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We discuss two Dynamic Geometry Software applets designed as part of an Inquiry-Oriented
instructional unit on determinants and share students' generalizations based on using the applet.
Using the instructional design theory of Realistic Mathematics Education, our team developed a
task sequence supporting students' guided reinvention of determinants. This unit leverages
students' understanding of matrix transformations as distortion of space to meaningfully connect
determinants to the transformation as the signed multiplicative change in area that objects in the
domain undergo from the linear transformation. The applets are intended to provide students
with feedback to help connect changes in the matrix to changes in the visualization of the linear
transformation and, so, to changes in the determinant. Critically, the materials ask students to
make generalizations while reflecting on their experiences using the applets. We discuss patterns
among these generalizations and implications they have on the applets' design.
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Matrix determinants are often taught formulaically, obscuring geometric connections
between determinants and linear transformations. The Inquiry-Oriented Linear Algebra (IOLA)
curricular materials (Wawro et al., 2013) build from experientially real task settings that allow
for active student engagement in the guided reinvention of mathematics through student and
instructor inquiry (Gravemeijer, 1999). The IOLA determinants task sequence uses distortion of
space as an experientially real starting point to support students’ development of determinant as a
measure of (signed) multiplicative change in the area. The sequence uses GeoGebra applets that
allow students to actively explore the geometric effects of changing 2x2 and 3x3 matrix
transformations and note their effect on the determinant. Through exploration of the applet,
students observe links between the determinant and concepts such as linear (in)dependence,
span, and invertibility, as well as how changes in matrix entries impact the determinant. In this
study, we investigate the research question: Based on interacting with our curriculum's dynamic
geometry applets, what relationships do students observe between matrices, determinants, and
geometric objects transformed by the associated linear transformation?

Theoretical Background and Literature Review

According to Axler (1995), “determinants are difficult, non-intuitive, and often defined
without motivation” (p. 139). Aygor and Ozdag (2012) found that students have difficulty
identifying what happens to the determinant when switching rows, multiplying a column by £,
row-reducing a matrix, and performing column operations. This might be because of difficulties
relating the numeric, algebraic, and geometric aspects of the determinant (Durkaya et al., 2011)
or the reliance of the determinant on bilinearity (Donevska-Todorova, 2016). These difficulties
would be mitigated by connecting to students’ existing reasoning and understanding, as is
consistent with the curriculum design theory of Realistic Mathematics Education (RME;
Freudenthal, 1991). Adopting this theoretical framing for our curriculum design, we identified
students’ understanding of matrix transformations as distortions of space as an experientially real
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starting point for developing notions of determinant. We sought to design an activity that could
support students in establishing an understanding of determinants as a measure of how matrix
transformations distort space and then leverage these connections toward more general properties
of determinants. We situate this work within our research group’s design research (NSF DUE
1915156, 1914841, 1914793), referred to as a Design Research Spiral, in which the design team
iteratively drafts, implements, reflects, and refines the task sequence as guided by multiple
design research theories at each cycle of refinement (Wawro et al., 2022). This paper presents
materials and results from the penultimate cycle of refinement for this unit.

In order to support students’ generalizing from their situated activity, we turned to Dynamic
Geometric Software (DGS), which synchronously display dynamic representations of numeric,
geometric, and algebraic aspects of the determinant. This makes DGS a suitable tool for
supporting students' exploration of determinants and connecting this to geometric and algebraic
knowledge. research has shown that DGS applets allow students to investigate, visualize, make
predictions, calculate, simulate, and generalize certain situations, all of which are critical
practices for inquiry (Gol Tabaghi & Sinclair, 2013; Gol Tabaghi, 2014; Greefrath et al., 2018;
Hollenbrands, 2007; Paoletti et al., 2020; Zandieh et al., 2018). In linear algebra, applets, games,
and simulations have been used to explore key topics such as linear combinations (Mauntel et al.,
2021), eigentheory (Gol Tabaghi & Sinclair, 2013; Gol Tabaghi, 2014), and determinants
(Donevska-Todorova, 2012, 2016; Donevska-Todorova & Turgut, 2022).

Donevska-Todorova (2012) used DGS to support students' exploration of determinants in a
teaching experiment setting and found that DGS can help build meaningful connections between
the determinant and conceptions of area in 2D. The author attributes the DGS's ability to
simultaneously display numeric and geometric feedback as important for connecting to students’
prior geometric understanding. However, Donevska-Todorova's setting is more focused on direct
instruction and approaches the determinant as a way to calculate the area of a parallelogram at
the origin whose sides correspond to the column vectors of the matrix, rather than connecting the
geometry to the linear transformation defined by the matrix. In our materials, and consistent with
the above cited literature, we designed the materials so that students contextualize the DGS
relative to their existing notions of linear transformations. The goal is that this additional context
will provide students with a foundation for the connections they make while using our applet.

The Determinants Task Sequence

The main goal of this unit is to build from students' knowledge of matrices as representations
of linear transformations towards a conceptualization of the determinant of a 2x2 or 3x3 matrix
as a measure of (signed) multiplicative change in area or volume, respectively. Task 1 is
designed to support students toward suggesting change in area as a way of quantifying distortion
that objects undergo from specific matrix transformations. In Task 2, students reinvent the 2x2
determinant formula so that by the end of Task 2, when the term deferminant is introduced, the
class has developed the notion of the determinant of a 2x2 matrix A as: (1) the signed area
scaling factor of the linear transformation defined by A [i.e., the multiplicative change in area];
(2) the signed area of the unit square’s image under A; (3) the signed area of the parallelogram

created by the columns of A; and (4) det(A) = ad — bc, for A = [Z Z] The main goal of Task
3 is for students to reinvent det(A™') = 1/det(A) for invertible matrices by coordinating their
knowledge of invertible linear transformations with their developing understanding of

determinants as a measure of change in area. Tasks 1 and 3 provide space for students to use
their understanding of composition of functions to reinvent det(AB) = det(A)det(B) for
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matrices A and B and justify them via change in area lines of reasoning.

In Task 4, students further explore the geometric interpretation of matrix transformations and
their determinants via GeoGebra applets for 2x2 and 3x3 matrices, which can be found at
https://www.geogebra.org/u/iolalinearalgebra. Each applet consists of a matrix, sliders to control
each entry in the matrix, a real-time calculation of the matrix determinant, and a real-time
dynamic parallelogram or parallelepiped showing the image of the unit square or cube under the
matrix transformation. As shown in Figure 1, both applets have sliders (a) & (h) that students use
to change the matrix entries. The applets also calculate the determinant of the matrix in real-time
as the user changes the entries of the matrix (b) & (i). In the 2x2 applet, users can see (and alter)
a geometric representation of a preimage object (c) composed of a yellow vector, blue vector, the
parallelogram they form, and the inscribed ellipse (defaulted to the standard basis vectors, unit
square, and its inscribed circle). Users can change this shape by moving the terminal endpoints
of the yellow and blue vectors (d). These color-coded vectors correspond with their images under
the transformation (e). In the 3x3 applet, the preimage is fixed as the unit cube (defined by the
standard basis vectors) and is not shown or alterable because of the complexity of programming
such an object in GeoGebra. In both applets, the image of the respective image is shown on the
right side of the screen (f) & (j) and changes color from green to red when the matrix
determinant is negative. Users can reset the applet (g) & (k), which will revert the matrix back to
the identity matrix and, in the 2x2 applet, will reset the preimage to the unit square.
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Figure 1. Screenshots of the two determinant applets, with markers (a) - (k) to help explain the applet components.
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With the applet components, students are able to create any matrix within the constraints of the
parameters (between -4 and 4, in increments of 0.1) and see how the changes affect the distortion
of the image of the unit square or cube. Consistent with Rumack and Huinker (2019), Task 4
explicitly champions the role of mathematical curiosity as students explore, observe, conjecture,
and justify; this allows students' mathematics to be what is leveraged and furthered. Adopting the
RME design heuristic of guided reinvention, the instructor’s role includes facilitating students'
open-ended activity toward more organized and focused statements or generalizations connecting
changes in matrices to changes in the distortion of the space and how they relate to determinants.

Methods

The data for this study come from in an in-person introductory linear algebra class at a large,
public, research university in the Mid-Atlantic region of the US. There were 27 students in the
course, 13 of whom gave consent and completed the assignment analyzed here. In the university
system, eight of these students chose he/him/his pronouns (pseudonyms begin with “M”), four
chose she/her/hers pronouns (pseudonyms begin with “W?’), and one did not choose pronouns
(pseudonym P1). Most were second-year students by credit hours and were general engineering
majors. The prerequisite was a B or higher in Calculus I or a passing grade in Calculus II.
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The data analyzed and present herein are student responses to a written reflection. After most
class sessions, students were asked to complete a reflection by the end of the day and submit
their work via an online learning management system. Students were asked to spend 5-10
minutes on a reflection, for which full credit was awarded based on effort rather than correctness.
The following is the reflection prompt analyzed in this paper: “We covered a lot of ground in
class today! Let's focus on the applets and what they helped you understand. Give at least two
observations you made from using either/both applet(s). State it in words / mathematical symbols
and illustrate with a snapshot from the applet(s) to help convey it. If you have started to think
about “why” for the observation, go ahead and include that, too.” The prompt also included the
URLs for the applets and a reminder that the class slides were on the course cloud-based folder.

To analyze the data in service of our research question, we aimed to understand what
observations students made from their interactions with the determinant applets. Extending our
previous preliminary analysis with a similar data set (Kerrigan et al., 2012), we first focused on
three aspects of students' responses that align with features of the applets that users attend to: a
user can notice (changes in) the entries of the matrix, (changes in) the value of the determinant of
the matrix, or (changes in) the graphical appearance of the transformed object. For brevity, we
label these as pertaining to the matrix [M], the determinant value [D], or the graphical imagery
[G]. For each student response, we coded phrases as M, D, G, or “other.” Distinctions between
phrases were indicated by transition words such as “if,” “then,” “and,” and “because,” as well as
by punctuation use. To establish viability of the coding scheme, two of the authors independently
analyzed about half of the data according to these codes, and obtained a high level of agreement.
These authors explained their codes and rationales to the third author and then all authors coded
the remainder of the data set, again reaching near-total agreement. We expected and thought it
natural that an observation from the applet would likely involve at least two phrases (e.g., “when
I change this entry in the matrix” [M], “the determinant stays the same” [D]). Thus, we examined
the data for relationships between phrases, looking for any causality or logical structure in the
relationships (e.g., the aforementioned example has an implied if-then structure, so it would be
coded as [M=D]). We referred to the phrases paired with their logical structure and additional
supportive justifications (if they existed), as observations. Such an analysis is important to us as
instructors and curriculum designers because the structure in these initial student observations is
foundational in setting the stage for the co-development of key theorems (such as “Suppose A is
a nxn matrix; 4 is not invertible & det(A4) = 0”), and they grow out of students inquiring into
the mathematics and the instructor inquiring into student reasoning (Rasmussen & Kwon, 2007).

Results
From the phrases within the 13 student responses, we found 43 phrases pertaining to the
matrix [M], 41 phrases pertaining to the determinant [D], and 24 phrases pertaining to the
graphical appearance of the transformed object [G]. Overall, we found there to be 42
observations. We organize the remainder of this section according to summaries of each of the
three main phrase categories and then a summary of the various student applet observations.

Summary of results at the individual phrase level

First, 43 of the phrases pertained to aspects that students noticed regarding the matrix [M] in
the 2x2 or 3x3 applet. 16 of these phrases related to the columns of the matrix forming a linearly
dependent set. Although only 5 of the phrases say linear dependence explicitly, the other phrases
give specific examples of linear dependence: the matrix entries being the same number (2), at
least two columns being scalar multiples (2), and the matrix containing a column of zeros (7). As
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researchers, we grouped the latter three as types of linear dependence, but we cannot know if the
students who wrote them were considering that concept as they wrote their phrases. The bulk of
the remaining phrases coded with [M] had the common trait of focusing on changes in the matrix
entry. Students wrote phrases about individual matrix entries or multiple entries (e.g., the values
of the diagonal components), as well as about interchanging two columns, and multiplying
row(s) or column(s) by a constant. As previously mentioned, the identity matrix is what first
appears when opening or refreshing the applet, and the students are able to manipulate each
individual matrix component. To reason about the ideas related to linear dependence and the
ones related to multiplying a row, column, or the whole matrix by a constant, students had to set
the entries to be the values they desired. On the other hand, for phrases that focus on “as an entry
changes,” the phrase has a more dynamic character. These are further detailed in the next section.
Second, 41 of the phrases pertained to observations the students made regarding the value of
the determinant [D] that appeared in either the 2x2 or 3x3 applet or its computation. 15 of the
phrases focused on a zero determinant value, 6 phrases focused on noticing a negative
determinant value or a change in its sign, and 2 phrases highlighted an unchanging determinant
value. Third, 24 phrases pertained to the graphical appearance of the transformed object [G] in
either applet. Of these, 8 mention the resulting parallelepiped's volume (one also mentioned the
resulting parallelogram's area in the 2x2 applet); more specifically, all but one mention a volume
(or area) of zero. We group another 7 of the phrases together because they relate to the object
losing dimension (e.g., the vectors are on the same line), and 5 phrases were other observations
about the resulting image (such as flipping orientation). Finally, 2 students included snapshots of
the 2x2 applet, 7 included snapshots of the 3x3 applet, and 4 did not include any snapshots. We
did not code the images with [M], [D], or [G] unless a student explicitly referenced them in their
written explanation. This occurred 4 times (twice for two students), all of which were coded [G].

Summary of results at the observation level

The prompt that students responded to stated “Give at least two observations you made from
using either/both applet(s).” We referred to the phrases paired with their logical structure and any
supportive justifications as observations. Consider student M 1's response as an exemplar:

"If a column has all zeros, the determinant is 0, and if the determinant is zero, the shape

has no volume in the third dimension. Thinking about the determinant as (new

volume)/(old volume), we can algebraically see that the numerator must be zero for the

quotient to be zero. Also, if one of the column vectors is the zero vector, the shape does

not span all three dimensions so it cannot possibly contain a volume"
We coded “If a column has all zeros” as [M], “the determinant is zero” as [D], and “the shape
has no volume in the third dimension” as [G]. In the first part of M 1’s response, we coded two
observations with these three phrases: [M=D] and [D=G]. The middle portion of his response,
in which he brings in knowledge about the determinant as “(new volume)/(old volume)” and “the
numerator must be zero for the quotient to be zero” was coded as “other” because it is something
that the student could not directly observe in the applet itself. We coded “one of the column
vectors is the zero vector” as [M], “the shape does not span all three dimensions” as [G], “it
cannot possibly contain a volume” as [G], and paired those as observations [M=G] and [G=>G].

Overall, our analysis shows that a vast majority of the observations that the students made
began with a matrix statement [M]. In fact, only 5 of the 42 observations started with a statement
about the graph [G] or the determinant [D] (see Figure 2). Relating back to the previous section,
the [G] phrases mentioned were about the shape or the volume of the resulting parallelepiped.
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Observation

Phrase One implies Phrase Two
The shape does not span all three dimensions [G] It cannot possibly contain a volume [G]
At least 1 dimension of the image would be 0 [G] To the whole area/volume to be 0 [G]
When a matrix creates just a line or a plane [G] The determinant would be zero [D]
The determinant is zero [D] The shape has no volume in the third dimension. [G]
The determinant is zero [D] Image was either flat or a straight line [G]

Figure 2. The 5 observations that started with a graphical statement [G] or determinant statement [D].

The most common type of observation was what we refer to as [MDG], by which we mean
the student observation was of the form “[M] implies [D], which makes sense because of [G].”
For example, M8 wrote, “If any of the columns in the 3x3 are LD with another, the det(M) will
be zero due to there being no volume, only area or a line.” He noticed when a certain matrix
characteristic [M] occurred that a certain determinant value occurred [D], which he explained as
sensible because of the corresponding graphical imagery [G]. We posit this likely corresponds to
the nature of student activity while interacting with the applet: first manipulate the matrix, notice
things about the determinant, and explain that in terms of what you see geometrically. Another
example of an [MDG] is W4’s observation (coding in the data): “One observation I made was
that if the set is linearly dependent [M] or has two or more vectors that are scalar multiples [M],
the determinant will be zero [D]. I found out after our discussion that this is because the vectors
will be all on the same line [G] and therefore the shape will have no volume [G].”

As stated above, some observations conveyed a dynamic character, meaning that the student
was most likely actively changing something in the applet while noticing the associated impact
of that dynamic action. For example, M3 stated, "When observing the 3x3 applet in class today, I
noticed that entries ai1, a22, and a33, as well as sometimes a13 and a31 were the only entries that
changes the volume of the image,” and M9 stated, “when moving the last column the ‘footprint’
didn't move, it just wobbled around like jelly.” Both these observations are of the type [M=G].
We hypothesize that, for instance, M3 was dragging the slide for entry a11 and noticing the
simultaneous change in the parallelepiped's volume. Or that M9 was, for instance, dragging the
slider for entry ai3 (called “c” in the applet) and noticing the simultaneous movement in the
“top” of the parallelepiped. We note that the applet allows only one slider to be dragged at a
time. As previously mentioned, 7 phrases were about a matrix with a column of zeros; each of
these were part of an observation about the resulting determinant being zero. Because the default
matrix in the applet is the identity matrix, it is likely that the observation was able to be made by
only dragging one slider because each column of the identity matrix only has one nonzero entry.

In comparison to the dynamically oriented observations, some required multiple changes in
the matrix entries and thus may have required many separate actions within the applet before an
observation was made. For example, M6 wrote, “When I change two columns in the 3x3 applet,
the determinant flips sign. It works the same on the 2x2 applet. I think it's because it flips the
shape,” which we coded as [MDG]. W6 wrote, “Another observation from the applet is that if
you multiply one row by a constant the determine [sic] increases by that constant, and if you
multiply the entire matrix by a constant, the determinant is multiplied by k to the power of n. For
example, in a 2x2 matrix the determinant would be multiplied by k”*2”” which we coded as three
instances of [M=D]. The actions needed to carry out both M6’s and W6’s second observation —
switching one column with another and multiplying a matrix by a constant — require dragging
multiple applet sliders and comparing an existing determinant with a resulting determinant. W6's
first observation — multiplying a row by a constant increases the determinant by a factor of that
constant — may have been made from only changing a row of the identity matrix or other
diagonal matrix, in which only dragging one slider would have been needed for the observation.
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Discussion

As design researchers, part of our work involves reflecting on student observations with
respect to our curriculum design goals. Within the design research spiral (Wawro et al., 2022),
considering student reasoning during tasks in light of the overall learning goals informs revisions
that we make to the task sequence and supplementary materials, such as the applets. The first
overarching learning goal include of this task sequence is (1) having students deepen their
understanding of the geometric interpretation of linear transformations in R? and in R? through
observing the impact that varying the matrix entries has on the determinant and on the
transformed image. The second overarching learning goal is (2) for students to actively engage in
the guided reinvention of key properties of nxn matrices 4 and B, such as: (2a) det(4) = 0 &
columns of A are linearly dependent, (2b) det(A) is positive or negative according to whether
the linear transformation defined by A preserves or reverses the orientation of the transformed
objects <If B is obtained by interchanging two rows (or two columns) of A, then det(B) =
— det(A), (2¢) If B is obtained by multiplying a row (column) of A by scalar k, then det(B) =
kdet(A), and (2d) If B = kA for a scalar k, then det(B) = k™det(A). Through reflection on
data collected through various parts of the design research cycle, including the data analyzed in
this paper, we feel confident that the applets have strong potential in helping an instructor
achieve (1) and (2a) with their students. In particular, the results here show (2a) as a strong
connection students make while working with the applet. These results also indicate that, when
students are provided specific ideas to explore in the applet (namely, switching two columns or
rows, multiplying a row by a constant k, or multiplying the whole matrix by a constant k), they
can use the applet to make conjectures equivalent to (20) - (2d). We would, however, like to
consider ways that refining the applet might facilitate students’ exploration of (2b) - (2d). For
example, including features that can swap columns, swap rows, scale columns, or scale rows
(rather than requiring individual entries to change one at a time), might help students develop
(2b) - (2d) entirely on their own, rather than requiring targeted exploration prompts.

Our results showed that most student observations began with statements about the matrix
[M] in either the 2x2 or 3x3 applet. We believe this is sensible, given the current design of the
applets. The current aspect that is the most interactive is adjusting the matrix component values.
For instance, students can rotate or zoom in on the transformed parallelepiped in the 3x3 applet
but cannot manipulate, for instance, the image of the basis vectors that define the parallelepiped;
if they could, we posit there may be more instances of students making [G=M] or [G=D]
observations. One reason this is important to us as curriculum designers is the biconditionality of
determinant-related properties and theorems. This informs applet revisions to better facilitate
student understanding of and role in reinventing the biconditionality of the generalizations.

One limitation of the analysis presented here is that we analyzed post-hoc data of students’
generalizations after interacting with the applet in class. We did not collect data of the students
exploring the applet and conjecturing in real time. Analyzing real-time interactions would allow
us to make stronger inferences about students’ generalizations and the examples they explored to
support them. We also had limited access to student thinking about why their observations were
true because it was not required that they share justifications. Finally, students were informed all
semester to spend 5-10 min on reflections and that they were graded on effort. Thus, we cannot
know if students would have answered differently in a different setting. We look forward to our
future work revising the applets, such as designing aspects to further facilitate specific learning
goals. This work will also allow us to explore and theorize the alignment between specific
aspects of RME, such as emergent models, and student exploration and engagement in DGS.

25th Annual Conference on Research in Undergraduate Mathematics Education 409



References

Axler, S. (1995), Down with determinants!. The American Mathematical Monthly, 102(2), 139—
154.

Aygor, N., & Ozdag, H. (2012). Misconceptions in linear algebra: The case of undergraduate
students. Procedia-Social and Behavioral Sciences, 46, 2989-2994.

Donevska-Todorova, A. (2012). Developing the concept of a determinant using DGS. The
Electronic Journal of Mathematics & Technology 6(1), 115-125.

Donevska-Todorova, A. (2016). Procedural and Conceptual Understanding in Undergraduate
Linear Algebra. In Krainer, K. & Vondrova, N. (Eds.), First conference of international
network for didactic research in university mathematics. Montpellier, France. (hal-
01337932)

Donevska-Todorova, A., & Turgut, M. (2022, February). Epistemic Potentials and Challenges
with Digital Collaborative Concept Maps in Undergraduate Linear Algebra. Paper presented
at the Twelfth Congress of the European Society for Research in Mathematics Education,
Bolzano, Italy.

Durkaya, M., Senel, E. O., Ocal, M. F., Kaplan, A., Aksu, Z., & Konyaloglu, A. C. (2011). Pre-
service mathematics teachers' multiple representation competencies about the determinant
concept. Procedia - Social and Behavioral Sciences, 15,2554-2558.

Freudenthal, H. (1991). Revisiting mathematics education. Kluwer Academic Publishers.

Gol Tabaghi, S. (2014). How dragging changes students' awareness: developing meanings for
eigenvector and eigenvalue. Canadian Journal of Science, Mathematics and Technology
Education, 14(3), 223-237.

Gol Tabaghi, S., & Sinclair, N. (2013). Using dynamic geometry software to explore
eigenvectors: The emergence of dynamic-synthetic-geometric thinking. Technology,
Knowledge and Learning, 18(3), 149—-164.

Gravemeijer, K. (1999). How emergent models may foster the constitution of formal
mathematics. Mathematical Thinking and Learning, 1(2), 155-177.

Greefrath, G., Hertleif, C., & Siller, H. S. (2018). Mathematical modelling with digital tools—a
quantitative study on mathematising with dynamic geometry software. ZDM - Mathematics
Education, 50(1), 233-244.

Hollebrands, K.F. (2007). The role of a dynamic software program for geometry in the strategies
high school mathematics students employ. Journal for Research in Mathematics Education,
38(2), 164-192.

Johnson-Glenberg, M. C., Savio-Ramos, C., Perkins, K. K., Moore, E. B., Lindgren, R., Clark,
D. B, ... & Holbert, N. (2014). Science sims and games: Best design practices and fave flops.
Proceedings of International Conference of the Learning Sciences, 3, 1199-1208.

Mauntel, M., Levine, B., Plaxco, D., & Zandieh, M. (2021). The characterization and evolution
of strategies about vector equations in the game Vector Unknown. Digital Experiences in
Mathematics Education, 7, 453-456.

Kerrigan, S., Wawro, M., Plaxco, D., Mauntel, M., & Quinlan, I. (2022). Exploring student
generalizations about 2x2 determinants from using a GeoGebra applet. In S. S. Karunakaran
& A. Higgins (Eds.), Proceedings of the 24" conference on research in undergraduate
mathematics education (pp. 1231-1232). The Special Interest Group of the Mathematical
Association of America for Research in Undergraduate Mathematics Education.

Paoletti, T., Lee, H. Y., Rahman, Z., Vishnubhotla, M., & Basu, D. (2022). Comparing graphical
representations in mathematics, science, and engineering textbooks and practitioner journals.

25th Annual Conference on Research in Undergraduate Mathematics Education 410



International Journal of Mathematical Education in Science and Technology, 53(7), 1815-
1834,

Rasmussen, C., & Kwon, O. N. (2007). An inquiry-oriented approach to undergraduate
mathematics. The Journal of Mathematical Behavior, 26(3), 189—194.

Rumack, A. M., & Huinker, D. (2019). Capturing mathematical curiosity with notice and
wonder. Mathematics Teaching in the Middle School, 24(7), 394-399.

Wawro, M., Andrews-Larson, C., Plaxco, D., & Zandieh, M. (in press). Inquiry-Oriented Linear
Algebra: Connecting Design-Based Research and Instructional Change Theory in Curriculum
Design. Invited chapter in R. Biehler, G. Guedet, M. Liebenddrfer, C. Rasmussen, & C.
Winslew (Eds.), Practice-Oriented Research in Tertiary Mathematics Education: New
Directions, Springer.

Wawro, M., Zandieh, M., Rasmussen, C., & Andrews-Larson, C. (2013). Inquiry oriented linear
algebra: Course materials. Available at http://iola.math.vt.edu. This work is licensed under a
Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.

Zandieh, M., Plaxco, D., Williams-Pierce, C., & Amresh, A. (2018). Drawing on the three fields
of educational research to frame the development of digital games for inquiry oriented linear
algebra. In A. Weinberg, C. Rasmussen, J. Rabin, M. Wawro, & S Brown (Eds.),
Proceedings from the 21st Annual Conference on Research in Undergraduate Mathematics
Education (pp. 1270-1279). The Special Interest Group of the Mathematical Association of
America for Research in Undergraduate Mathematics Education.

25th Annual Conference on Research in Undergraduate Mathematics Education 411



	Proceedings Intro
	000 - 25th RUME Proceedings - No Cover Intro or ToC
	All Papers
	Contributed Reports
	001-camera-ready - edited ref
	001-camera-ready
	Introduction
	Proof Framework
	Our Course
	The Study
	Findings
	Examples
	A. Adam
	B. Liam
	C. Sean
	D. Rita
	Conclusions

	001 ref

	005-Final RUME (Camera Ready)
	006-Unblinded submission RUME 14.11.docx
	007-Compare to Mathematicians RUME 2022.docx
	008-DEI LCA RUME Camera Ready 
	014-RUME 2023_Feedback_unblind.doc
	015-RUME 28Nov22 in template FINAL.docx
	017-InstrumentalGenesis_RUME2023.docx
	018-Noyce RUME Proposal 2023_Final Unblinded.docx
	020-SocialSupportOfferedByMGTAs - RUME 23 FINAL
	021-Pina, Topdemir, Thompson Rume 2023 unBlind
	Introduction
	Symbolic Forms
	Methods
	Results
	Reproductive Transformation
	Operating as Measuring
	Potential Measurement Outcome
	Discussion and Conclusion
	Acknowledgements
	References

	022-Mathematician Paper Final Camera Ready.docx
	023-Middle School Mathematician Paper Final Camera Ready.docx
	024-Kontorovich_Liu_2023_The rules of proving
	025-010523 RUME proposal interpretation and plans Final.docx
	029-DBR_RUME 2023
	030-Function Composition RUME Proposal Final Version
	031-Using Latent Profile Analysis to Assess Teaching Change (WESTON)
	034-RUME_FullProof camera ready_final
	References

	035-RUME2023 graphical resources UNBLIND
	Theoretical Framing
	Methods
	Results
	Framing Resources
	Two Types of “Belief” Resources
	Quantitative Resources
	Function Resources
	Discussion
	References

	036-RUME2023 compound units UNBLIND
	Introduction and Brief Literature Review
	Theoretical Perspectives: Quantities, Reasoning, and Quantitative Reasoning
	Methods
	Results
	Way of Reasoning Theme #1: Decomposing into Separate Units
	Way of Reasoning Theme #2: Treating Units as Variables
	Way of Reasoning Theme #3: Using Covariational or Multivariational Reasoning
	Way of Reasoning Theme #4: Posing a Measurable Attribute
	Way of Reasoning Theme #5: Bringing in Related Mathematical Concepts
	Discussion
	References

	037-RUME 2023 UnBlinded
	040-RUME2023_Unblinded_Nontraditional Pathways to Teaching Postsecondary Math
	042-Math Science Beliefs_submit_unblind.docx
	048-unblind final submission
	050-ReportID50
	054-RUME2023_CameraReady.doc
	055-CollegeGeometryLessonStudyRUME_unblinded_finalforreal
	056-Final SCORE Network RUME.docx
	057-RUME 2023 Transitional Points Camaraready copy Dogan.docx
	059-RUME Re-submission Whiteness (1)
	060-RUME 2023 Paper Final
	062-RUME2023_final.docx
	065-Scaffolding_Unblinded_Final
	Methods
	Results
	Discussion & Conclusions
	Acknowledgements
	References

	067-Camera Ready Submission Paper ID 67 .docx
	069-Equivalence Equality RUME 2023 - camera ready.docx
	072-SUBMITTED_RUME_2023_FINAL.docx
	073-MIP_RUME2023_CameraReady.docx
	075-RUME 2023 Mathematics for Teachers Course_Submission
	077-RUME_submission_survey_12_02.docx
	082-draft
	084-RUME 2023 Report Proposal_Camera Ready_Lu
	Method
	References

	085-RUME 2023, contributed paper
	089-RUME_Report_final.submit
	093-Symbolic Forms Paper_RUME 2023_Unblinded Final
	095-Wawro et al RUME 2023 Det final UNBLINDED
	096-RUME submission 2023 unblinded-Matt-SA
	Literature Review
	The Game Vector Unknown and Prior Game Research
	Theoretical Framing
	Structure of the Interview
	Participants, Data Sources, and Methods of Analysis
	Findings
	Structuring by Generating
	Structuring Across Dimensions
	looked at where each of the combinations fell in the different planes. First of all, the 2D plane and then the 3D plane. This combination here [points to v(−2, −4, −3) + o(3,0,0)] has at least the capacity to go through all four 2D planes. Oh I mean q...
	Structuring by Design
	Discussion and Limitations
	References

	097-RUME 2023 CMI Prep Draft 1.8 Camera Ready
	098-workshopHatTrickUNBLINDED_112922_noTrack
	099-RUME 23 Paper.2.docx
	102-RUME Proposal - Characterization of EIT_camera ready
	Theoretical Background
	Methods and Participants
	Findings
	Awareness and Consideration of Students
	Student Engagement
	Reflective Practice

	Discussion & Implications
	Acknowledgments
	References

	103-Argumentative_Knowledge_Construction_in_Async_Math Camera Ready.docx
	105-20221221_SK.Quantification.COVID-19Risks.Benchmark_Final
	Literature Review and Theoretical Framework
	Risk Perception
	Risks in Frequency Formats and Percentage Formats
	Using Benchmark Values to Estimate Probability
	Methods
	Results
	Citizens’ COVID-19 Infection and Vaccination Risk Estimates on Survey
	Use of Benchmarks in COVID-19 Infection and Vaccination Risk Estimates
	I estimate 1%, at most, that I would be hospitalized from COVID-19 if infected and unvaccinated. I think my risk of dying from COVID-19 if infected and unvaccinated would be from 0.01% to 0.1%. Assuming I am treated, I multiplied 0.01 to the 1% risk o...
	I’m just splitting the risks less than 1%, so I feel like 0.1%, 0.01%, and 0.001% are all the same to me which are extremely low and 0.0001% is almost 0%. If a risk is less than 1%, I think the probability is low no matter what the value is, because i...
	Discussion and Conclusion
	References

	106-Community RUME 2023 Proposal CAMERA Ready
	110-Rume2023_Unblinded.docx
	113-RUME_2023_UnBlinded_11.27.22
	117-Rios_submission_2023
	121-RUMEHLTPtoSubmitUNBLIND
	 (Access) Providing access to opportunities to participate in authentic mathematical proof activity.
	 (Engagement) Promoting participatory equity in authentic mathematical proof activity engagement.
	Background and Perspective
	Methods
	Results
	Complex Task Launch
	Structuring Group Work
	Selecting and Working with Records of Student Thinking
	Acknowledgements
	References

	123-SBG RUME 2023 Proposal Camera Ready
	124-RUME 2023 CAMERA READY_AL _ EIT Relationship
	Theoretical Framing
	Methods
	Findings
	Discussion
	Acknowledgments
	References

	128-LaiAnderson2023_RUME_EMU
	129-LaiEtAl2023_RUME_MOD_Quant
	131-LaiEtAl2023_RUME_MOD_Qual
	134-Questions_Beliefs RUME2023_FINAL_Unblinded
	Relevant Literature
	Conceptual Framing
	Methods
	Results
	Discussion
	Acknowledgements
	References

	135-RUME 2023 Gibson
	136-RUME_2023_final
	Theoretical Perspective
	Mathematical Creativity
	A process that can be fostered, is context-dependent, and manifests in fluency, flexibility, and originality with respect to the mathematics which results in the connection and abstraction of ideas that bring a new perspective that is of use to the co...
	Methodology
	Module Design
	Data Analysis
	Results
	Computation Enabling Experimentation Within Mathematics via Prediction and Reflection
	“I know it was a math, you know, teaching us math, but it didn't feel like math the same way as like solving integral does … it was more so recognizing like what was changing … it felt much more like recognizing patterns... Yeah. Just, just figuring t...
	Prediction and Reflection Facilitating Connections to Multiple Representations
	Discussion and Conclusion
	References

	137-RUME 2023 Final - Unblinded
	139-RUME_proposal_SRuiz_final_unblinded
	143-UnBlinded2023RUMEReportammanjpm
	Literature Review
	Theoretical Framework
	Methods
	Results
	How Relearning at the Topic-level Influences Behavior and Affect
	How Topic-Level Relearning may Shape Perceptions of Course-Level Relearning
	Conclusions
	References

	146-RUME 2023 UNBLINDED
	147-HPA RUME 2023
	151-RUME 2023 Using Professional Learning UNBLINDED
	152-RUME 2023 LSE unblinded
	153-Eckman et al_Two Vignettes on Symbolizing Activity_RUME 2023
	154-What is a “Math Person”_Students’ Interpretation of Identity Terminology (Camera Ready Version)
	Mathematics Identity & Relevant Literature
	Methods
	Results
	Identity
	Math Person
	Discussion and Next Steps
	Acknowledgments
	References

	155-RUME2023_SelfRegulationCalculus_CameraReady
	Conceptual Framework
	Methodology
	Findings
	Discussion and Conclusion
	References

	156-Eckman et al_Quantification Survey Study_RUME 2023
	160-MGSI teaching challenges final add Yee
	Theoretical Framework
	Methods
	Participants and Setting
	Data Collection
	Data Analysis

	Findings
	Preactive Challenges: Preparing to Teach
	Interactive Challenges: Implementing Lesson Plans
	Postactive Challenges: Reflecting on Teaching

	Discussion
	References

	162-2023RUME Roh et al. (camera ready version)
	164-A Conditional Statement in Probability_Jan_submission
	165-Rume_23
	166-Navigating AB705 and a Pandemic- An Investigation of Students’ Experiences With Placement and Advising_Unblinded
	Introduction
	Literature Review
	Theoretical Framework
	Self Determination Theory
	Social Capital Theory and “Cooling Off”
	Methods
	Context
	Data
	Data Analysis
	Findings
	Counselor Suggestions Through Deficit Orientation
	Limited Counselor Availability
	Discussion
	Limitations
	Acknowledgments
	References

	167-JSmith_RUME2023_UnblindedFINAL
	172-RUME_submission_rabbits_final_version
	Design of the Study
	Driving across Nevada, you count 97 dead but still easily recognizable jackrabbits on a 200-km stretch of Highway 50. Along the same stretch of highway, 28 vehicles passed you going the opposite way. What is the approximate density of the rabbit popul...
	Activity Theory and Contradictions
	Contradictions and Their Discursive Manifestations
	Methodology
	Analysis
	Episode 1
	Episode 2
	Episode 3
	Episode 4
	Episode 5
	Episode 6
	Episode 7
	Episode 8
	Conclusions
	Acknowledgments
	References

	177-RUME 2023 Report - Camera Ready
	178-Stevens,I-MagnitudeBars (2023 RUME)_UnblindedFinal
	179-RUME-2023-Camera-Ready
	Literature Review
	Theoretical Framework
	Methods
	Results
	Linear Combination and Span: the language and movements between the three worlds
	Subspace: the language and movements between the three worlds
	Discussion and Conclusions
	References

	251-Caglayan RUME 2023

	Theoretical Reports
	003-Alcock_RUME 2023_final.docx
	028-COMMIT RUME Proposal 2023.docx
	038-RUME 2023 TR_WTTI_UnBlinded
	Mathematical Knowledge for Teaching
	A Practice-Based Theory of MKT
	A Piagetian Theory of MKT
	Comparing Research on Teachers’ MKT
	Mathematical Meanings for Teaching
	The Affordances of Attending to Teachers’ MMT
	The Need for a New Construct
	Ways of Thinking about Teaching an Idea
	An Example: A Way of Thinking about Teaching Sine Function
	Discussion and Conclusion

	043-Analogy_RUME2023_Unblinded
	070-Grice RUME proposal.docx
	104-rume23_definitions FINAL unblinded.docx
	108-What is undergraduate mathematics paper, RUME FINAL unblinded.docx
	112-Sytactic Paper for RUME FINAL unblinded.docx
	115-Reconceptualizing algebraic transformation as a process of substitution equivalence shorter version for RUME FINAL unblinded.docx
	116-Professional Obligations-RUME 2023-final.docx
	132-RUME_2023_PartialDeriv_UnifDerivConcept_Bettersworth
	A Review of the Literature on the Teaching and Learning of Partial Derivatives
	Theoretical perspective
	Conclusion
	Bibliography

	140-RUME 2023 paper V7 Unblinded
	Introduction and Literature Review
	An Example
	DNR-Based Instruction in Mathematics
	A person’s statements and actions may signify cognitive products of a mental act carried out by the person. Such a product is the person’s way of understanding associated with that mental act. Repeated observations of one’s ways of understanding may r...
	Issue #1: Intellectual Need for What?
	Issue #2: Managing and Leveraging Students’ Experiences
	Discussion
	References

	149-RUME 2023 Next Gen Change FINAL Camera Ready
	163-Balancing the Unbalanceable-UNBLINDED-RUME 2023
	175-RUME 2023 Argumentation - Unblinded Upload Copy

	Preliminary Reports
	010-MBGPrecalcRUME2023
	Background
	Research Question
	Methodology
	Course Structure
	Data Collection
	Participants
	Data Analysis
	Discussion of Results
	Initial Impressions
	Midsemester Impressions
	End of Semester Impressions
	Implications
	References

	011-Alzaga Elizondo, Vroom, _ Eide (2023).docx
	016-InvesitgatingNormsinaPLC.docx
	026-ELSJDec22
	032-Rodriguez _ Nardo_12.29.22_unblinded.docx
	033-RUME-2023-Final-Formatted
	039-RUME 2023 Unblinded Submission.docx
	044-RUME 2023 (Unblinded Submission)
	045-Proof without claim camera ready version.docx
	047-RUME 2023 Intellectual Need Final unblinded
	051-Wawro Serbin RUME 2023 unblinded
	052-RUME 2023-ZoneTheory-CoordinatedCalculus-Creativity-with-authors
	Conceptual Framework
	Methods
	Preliminary Results
	Farah Nurhalizah (They, Male, Asian)
	On the 1s and 2s (She, Female, Black)
	Conclusion and Questions
	Acknowledgments
	References

	053-RUME report_FINAL_UNBLINDED_Upload
	There were times where I was in group work settings and I would ask a question and all the members would know how to do it. They would say, this is “obvious” and teach me briefly. It made me think that I am not qualified enough to be in this class bec...
	I feel that the use of microaggressions as an excuse to why a student feels like they are failing a math class is concerning. I feel that too many students do not put in the effort to learn how to do math and refuse to ask questions which results in s...

	058-Vroom _ Alzaga Elizondo (2023)
	061-Modeling FYM and STEM Course-Taking Final Unblinded.docx
	063-2023 RUME - FINAL Unblinded
	Theoretical Framing
	Methods
	Research Questions and Design
	Participants and Sampling
	Quantitative and Qualitative Data Sources
	Results
	Thematic Analysis of Qualitative Sources
	Quantitative Survey Results
	Discussion and Implications
	Acknowledgments
	References

	064-RUME2023 Submission Clean_Unblinded AMM
	066-RUME 23 - Prelim Report - Instructional Triangle_Sept7 (1) (1).docx
	071-Survey_RUME23_final(unblind).docx
	074-Professed Beliefs of a Teaching Assistant - RUME 2023 FINAL.docx
	076-SIGMAA-RUME2022-PreliminaryReportProposal(unblinded)
	078-RUME_Paper_2022_unmasked.docx
	079-RUME 2023 Proposal - Calculus Concepts Assessment - Final.docx
	081-RUME_CameraReady.docx
	090-RUME Proposal 2023 Camera Ready.docx
	094-CAMERA READY_RUME2023_Whitmoreetal
	107-Topdemir, Loverude, Thompson RUME 2023
	109-Why Mathematicians ‘Fully Understand’ - An Exploration of Influences on Their Understanding
	114-RUME 2023 Submission Camera Ready
	118-RUME_2023_CameraReadyFinal.docx
	119-Rahman proposal UNblinded RUME 2023
	120-RumeSubmission2023Complete
	Results
	References

	127-RUME2023_MathIDManuscript_2023_0106
	Discussion
	References

	130-Final Unblinded RUME23 Preliminary Research Report Proposal
	133-RUME 2020 Proposal - FINAL UNBLINDED
	138-RUME 2023 Proposal_finaldocx
	Introduction
	Theoretical Constructs
	Literature Review
	Methods
	Results
	It does seem like you know, at least for group theory, that that comes up a lot in things so I'll have an understanding, very foundational conceptual understanding and in a field that does have applications to these, this theoretical work. Um, hopeful...
	The student remarks that he is unsure in what ways abstract algebra would be useful for him but that he expected that “a useful thing will present itself.” We interpret this as the student expecting a utility value even though he does not know what i...
	Yeah, I'm not too sure. I mean, I think...I don't know. I mean, I think most importantly, for me even more than like having real life application and would be just to find something I'm interested in, because like I said, I have to pass the course. An...
	Like Participant 1, Participant 2 desired intrinsic value in the course. While  “real life application[s]” would be a plus for Participant 2,  the participant stressed that, “even more important than having a real-life application [is] to have an inte...
	Participant 3 noted utility that advanced mathematics had, but found this to be an unattractive reason to pursue the discipline.
	I study it, in part because I like it. Which is a huge motivation factor. But, you know, there's always that question of like, 'what is the real world application of what I'm doing?' and and I did struggle with that for quite a while, especially in th...
	Participant 3 later clarified that while much mathematics is used for a military focus, one can use mathematics for a “community-based focus and to do good things” and learning “flexible thinking and critical reasoning”, so mathematics could potential...
	I think at some point, I just determined that I do math because I like it. And I enjoy it. Just like, I don't have to have a real world application for doing like arts or poetry, or whatever. So personally, I like it.
	Discussion and Conclusion
	Our analysis is preliminary and speculative at this stage. The data require verification with closer analysis. Our data indicate so far that for some students, attainment value is critical. Participants 1 and 3 were confident they would find attainmen...
	Much scholarship in undergraduate math education has focused on achieving the instructor’s goals without addressing whether this aligns with student goals. Our work demonstrates that for some students, intrinsic value is the most important factor amon...
	References

	142-Idris RUME Proposal Unblinded
	145-RUME 2023 Proposal - CameraReady
	157-Calleros (2023). The Role of Language in Undergraduate Mathematics Linear Independence and Limit
	159-RUME_Gerami_unblind_2023
	Research on Representations of the Concept of Derivative
	Theoretical Framework
	Methods
	Assume that you have already taught students about average velocity and want students to learn about instantaneous velocity at a point. Propose a task with the position of an object varying as a function of time, where students figure out the velocity...
	Findings
	Discussion
	Acknowledgement
	References

	161-RUME 2023 Final Unblinded
	Study Context: Inquiry-Oriented Linear Algebra and Online Work Group

	168-RUME 2023 Unblind Final
	169-RUME 2023 Proposal - Ritual and Personalization FINAL
	Theoretical Framework
	Context and Method of Study
	Preliminary Results
	Team 1: A Progression from Ritual to Exploration
	Team 4: Ritual Embedded in Explorative Activity
	Discussion and Implications
	Acknowledgment
	References

	171-RUME2023 PRIMED IDI SBJJ revised
	173-2023 RUME - Lakatos
	Literature Review
	Lakatosian Theory
	Enhanced Conflict Maps
	Problem Solving
	Knowledge as an Adaptive Function
	Interview Task: The greenhouse effect is the rise in temperature that the Earth experiences because certain gases prevent heat from escaping the atmosphere. According to one study, the temperature is rising at the rate of 𝑅(𝑡)=0.014𝑡0.4 degrees Fah...
	Diagramming the evolution of problem structures
	Results
	Discussion and Questions
	References

	174-A genre analysis of mathematical remarks_unblinded
	In mathematical research articles and books, theorems and proofs are among the most common elements, but authors also use many others that fall in the same general class: lemmas, propositions, axioms, corollaries, conjectures, definitions, remarks, ca...
	Background Literature
	English for Specific Purposes
	A genre comprises a class of communicative events, the members of which share some set of communicative purposes. […] In addition to purpose, exemplars of a genre exhibit various patterns of similarity in terms of structure, style, content and intende...
	These steps have been artificially separated for the sake of convenient formalization and systematic discussion. Moreover, it is not the intention to suggest that in all such investigations, the analyst must go through all the stages listed above and ...
	Method
	Data Collection
	Data Analysis
	Preliminary Results
	Step 1: Placing the Given Genre-Text in a Situational Context
	Step 2: Surveying Existing Literature
	Step 6: Levels of Linguistic Analysis
	Discussion
	Acknowledgments
	References

	176-BA_CI - updated authors
	Introduction
	Method
	Materials and Procedures
	Analysis
	Findings
	Research Question One
	Research Question Two
	Conclusion
	Questions for Discussion
	Acknowledgement
	References

	180-230106_RUME2023_Unblinded Preliminary Report


	All Posters
	Poster Reports
	019a-RUME Poster Mini Paper_COMMIT.docx
	019b-F01-COMMIT RUME SP2023 Poster - Paula Jakopovic
	111-RUME 2023_Uysal_Clark.docx
	181-RUME 2023 Camera Ready
	Method
	Findings
	Significance of the Study

	182b-V03-rume jk - John Kerrigan
	183a-RUME_proposal_Ruiz_r1
	183b-S01-meritocrats_RUME_poster - Steven Ruiz
	Slide Number 1

	184a-RUME 2023 Poster Unblinded[83]
	184b-F03-RUME Poster Final - Amanda Lake Heath
	185a-Unblinded GTA _ Engagement_RUME2023 Poster (3)
	Theoretical Framework
	Methods
	Results and Conclusions
	References

	185b-S02-RUME Poster 2023 Final - Katie Taylor
	186a-SIGMAA on RUME 2023 Poster Report Final 2.0.docx
	186b-F04-RUME 2023 - John O_Meara
	187a-PEER and Faculty Development Lessons from the Pandemic
	187b-F05-RUME_Poster_2023 - salic rrone
	188a-Altindis-et-al-2023
	188b-F06-Altindis-et-al-RUME-2023 - Hazel Nigar Altindis
	Slide 1

	189a-SheildsDorko2023
	References

	189b-V05-RUME Poster_AJD - Hadlee Shields
	191b-S03-Enes_2023RUMEPoster2 - Enes Akbuga
	192a-Connecting_MiniP_AA_2022
	192b-V07-RUME_Connecting_Math_VV - Violeta Vasilevska
	194-RUME2023_PosterProposal_CameraReady
	195a-Altindis-et-al-2023
	195b-S05-Altindis-et-al-RUME2023 - Hazel Nigar Altindis
	Slide 1

	196-RUME2023_LAsNoticing_CameraReady
	197a-Braley_Junkins_Poster_unmasked
	197b-S06-BraleyJunkins_RUME23 - Caroline Junkins
	Slide 1: Prematriculation interventions using ALEKS: Common lessons-learned in two programs  Caroline Junkins, McMaster University                                                                                                                             

	198a - RUME2023_Poster Paper_Griffin
	198b-F08-RUME2023_Poster_Griffin_new template 36x48 - Casey Griffin
	Slide 1

	199a-Instructor Perceptions of Student Example Use
	199b-S07-RUME 2023 Poster - Jordan Kirby
	Slide 1

	200a - Online Undergraduate Mathematics Classes Impact on Student Perceptions
	200b-V11-Dokos_Poster - Online Undergraduate Mathematics Classes Impact on Student Perceptions - Mikayla D
	201 - RUME Poster Proposal Final
	202a-Houston_et_al On the evolution of_RUME
	202b-F09-RUME 2023 Final Poster-Houston - Scotty Houston
	203a - Students’ Justifications with Their Proofs by Mathematical Induction POSTER Camera Ready
	203b-S08-RUME Poster_Students Justifications - Mario Gonzalez
	Slide 1: Poster Template B

	204a-RUME Camera Ready Submission
	204b-F10-Waters_Samuel_RUME_Poster - Sam Waters
	Slide 1: Exploration of Students’ Experiences Transitioning from Secondary to Tertiary Mathematics

	205a-RUME Proposal_Camera Ready
	References

	205b-S09-Fantin-HardestyTremainRiosSotoRUME 2023.v5 - Kaylee Fantin-Hardesty
	207a-RUME 2023 Poster Proposal - Ian West
	References

	207b-F12-RUME Poster Final Printed - Ian West - Ian West
	208-RUME 2023 Poster_Camera Ready
	Methods
	Results & Conclusion
	References

	209a-rume23_poster_v1
	209b-F14-rume_poster_cw-ms - Cory Wilson
	Slide Number 1

	210-RUME 2023_poster report
	211b-F15-Izsak RUME 2023 Poster - Andrew Izsak
	212a-Hopkins RUME 2023 Poster Mini-Paper FINAL
	212b-V17-Placement Exam RUME 2023 Poster - Sean Gruber
	213-Poster Proposal
	215a-RUME23_Poster_Unblinded
	215b-F17-RUME_Poster_Roan - Elizabeth Roan
	216a-RUME Poster Proposal
	216b-F18-RUME Poster Final.pptx - Sarah Lutz
	218b-S11-RUME TRU Poster 36 by 48_FINAL.pptx - Hayley Milbourne
	219a-RUME Poster_Unblinded
	219b-F19-Rume_Poster_2023 - Aubrey Kemp
	Slide 1

	220a-Poster RUME 2023 VP
	222a-What is Equitable Teaching
	222b-S12-What is Equitable Teaching Poster - Franklin Yu
	223-RUME 2023 Poster Report
	224a-SmithRUME-PartialCredit230106
	224b-V19-RUME2023MCMRposter - Trevor Smith
	225a-RUME2023 LopezGonzalez Camera Ready unblinded
	225b-S14-Poster RUME 2023_TLG.pptx (2) (1) - Tuto LopezGonzalez
	226a-RUME2023_Poster Proposal
	References

	226b-S15-RUME Poster Presentation - David Jacobson
	Slide Number 1

	227a-Un-Blind RUME Conference Poster Proposal - Helena Almassy
	227b-S16-Helena Almassy RUME Conference Poster - Helena Almassy
	228a-RUME 2023 Poster Proposal
	228b-S17-RSR Dissertation Poster Final - kayla lock
	229b-S18-Thompson, Boester RUME Poster 229 - Kristen Thompson
	230aChallenges and Resources for Linguistically Diverse Students in Inquiry-Based Undergraduate Mathematics Curricula The Case of Inquiry-Oriented Linear Algebra (IOLA) Tasks - final
	231a-RUME-poster-paper
	231b-F21-RUME_2023_Poster - Kelsey Walters
	232b-S20-RUME2023_2.20.23 - Talia LaTona-Tequida
	Slide Number 1

	234-Poster RUME 2023 EUT final version
	References

	235-Poster report RUME 2023_conceptual understanding_final
	References

	237a-Poster Report
	237b-V25-Final Poster - Kyra Gallion
	238a-GotMATH RUME 2023 Poster Proposal_Camera Ready
	238b-S22-RUME 2023 Poster Final - Yaomingxin Lu
	240a-RUME 2023 Poster Final
	240b-S23-RUME Poster 2023 (1) - Kayla Heacock
	242-RUME Poster Proposal final
	References

	243a-RUME-poster-proposal_submit

	243b-S26-RUME 2023 Poster - Joseph Antonides
	Poster Reports2
	244-Metacognition in Proof Construction
	245a-RUME 2023 PD Poster Final
	245b-S27-Tepper RUME 2023 Poster - michael tepper
	246-MetaShifts_Final_Camera Ready_Unblinded
	Motivation and Study Objectives
	Methods and Preliminary Results
	Discussion and Conclusions
	References

	247-RUME 2023 Poster_Final Submission
	249-Framework_poster_unblinded
	250b-S30-TheRoleOfGenderPerformanceInTheCoConstructionOfMathematicsIdentities - Elena Crosley






