Proceedings of the
24th Annual Conference on
Research in Undergraduate

Mathematics Education

Editors:
Shiv Smith Karunakaran
Abigail Higgins

Boston, Massachusetts
February 24 - February 26, 2022

Presented by
The Special Interest Group of the Mathematical Association of America
(SIGMAA) for Research in Undergraduate Mathematics Education



Copyright @2022 left to authors. All rights reserved.

CITATION: Karunakaran, S. S., & Higgins, A. (Eds.). (2022). Proceedings of the 24th Annual Conference
on Research in Undergraduate Mathematics Education. Boston, MA.

ISSN: 2474-9346

ii



A Sociocultural Perspective on Beginning Teachers
Enacting Reasoning and Proving Practices st

®

University of
New Hampshire

Background

Teaching Mathematics via Reasoning and
Proving (Buchbinder & McCrone, in press)

Integration of reasoning and proving
within the mathematics curriculum

Emphasis on deductive reasoning for
producing and validating
mathematical results

Use of precise mathematical language
but within the conceptual reach of the
students

Capstone course Mathematical Reasoning and
Proving for Secondary Teachers.

Prospective Secondary Teachers (PSTs) can
develop knowledge, dispositions and skills for
teaching mathematics via reasoning and proving
(Buchbinder & McCrone, 2020)

Little is known about long-term development of
beginning teachers’ learning to teach mathematics
via reasoning and proving, and what factors affect
this development (Stylianides et al., 2017).

Beginning teachers experience tensions between
their commitments to the university, their
cooperating teacher, and developing their own
teaching styles (e.g., Smagorinsky et al., 2004)

Goal: To examine how sociocultural
contexts of the teacher preparation program
and of the internship school, supported or
inhibited teaching mathematics via
reasoning and proving of beginning
secondary mathematics teachers.

The Study

Participant:

Olive — a beginning teacher, interning in a local high
school, supported by her cooperating teacher (CT).
Olive participated in the capstone course, a year prior
to the internship.

Data sources:

+ PST: Four lessons: lesson plans, reflections

« Intern: Two lessons: lessons plans, observations
and follow-up interviews.
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Theoretical
frameworks

Activity theory (Engestrém, 1987)

Tools
Mathematical tasks

AN

Rules -—_—
Classroom norms, Community
Teaching style, support personnel
Adopted curriculum, (the cooperating
School-standards teacher)

]

Outcome

Object
Teaching actions for
supporting student
learning via
reasoning and proving

Subject
Teacher

Division of Labor
Support personnel
involvement during
the lesson'’s planning
and teaching

Teaching mat

tics via reasoning and provil

Commognitive theory (Sfard, 2008)
Teaching mathematics via reasoning and proving
includes providing students opportunities for:

reasoning
processes on
curricular-
A based objects,

(dentifying a pattern
Generalizing
Conjecturing
Justifying
Proving

P -0
—Q » P

Counterexample

Learning mathematics via reasoning and proving
(Weingarden & Buchbinder, submitted)

w
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Results

Olive’s teaching as a PST
The sociocultural contexts
teaching mathematics via reasoning and proving

Lets discuss.

Can we make a conjecture together?

*So, let's look at proof
one. | started with the
statement that angle
ADC is 90 degrees.
Tools Can anyone identify
Tasks provide fully-integrated ORP| :"'Z;_hﬂ might be
ru

Object
Olive’s teaching
actions supported
students learning
mathematics via
asoning and proving

Subject
Olive as aPST g
p.

Division of Labor
The CT was not
involved in Olive's
teaching and
planning the
lesson.

Rules
Olive was not
expected to adhere
her CT’s teaching
style and to strictly
follow the schools'
standards and
curriculum.

Community
The CT did not
restrain or limit

Olive's teaching and
planning. They

hardly communicated
(only technically)

Data analysis:
» Olive’s teaching was examined by the activity system
in two settings: as a PST and as an intern.
» Olive’s tasks and teaching actions were analyzed
regarding the opportunities provided to students to
learn mathematics via reasoning and proving.
Tensions between the activity system components
were identified

v

Olive’s imaginary teaching
Teaching mathematics via reasoning and proving

Subject Object

Olive as an intern

Olive’s teaching actions supported students
learning mathematics via reasoning and proving

Olive’s teaching as an intern
The sociocultural contexts inhibited
teaching mathematics via reasoning and proving

Tasks provide limited ORP

Object
Olive’s teaching
actions did not

support students
learning mathematics

via reasoning and
proving

Subject
Olive as an intern

—_—
Community
The CT implicitly
restrained and limited
Olive’s teaching and
planning.

—_—
Division of Labor
The CT played a
significant role in
Olive's teaching
and planning the
lesson.

Rules

Olive was tacitly
expected to adhere
her CT’s teaching
style and to strictly
follow the schools
standards and
curriculum.

*| disagreed with [the CT's
principle of] moving the
things [variables and
constants] to the left and
fight. | don't personally care
which side the variable is on
because | think ' the right
answer at the end of the day.
So, if they want to write 12
equals N, I'm okay with

that... | didn't immediately
change anything... There
was one example that | was
like, | would move this five
over here and put a zero over
here, but | know she [CT]

“They have the curriculum planned out for
the year, so 'm pretty much faciltating it
I'm welcome to make things, you know, she
[CTlincluded my input and stuff, but she's
been teaching this class for seven years.
o, she has like a system that tends to work
for her. So that's what I've been doing..."

applying her

“I personally would love to .. put something on the board and they tell me all the things that they wanna do [operations
on equations] that don't necessarily make sense for them to grasp... | think they're stuck to doing only moving this, but if you
can conceptually understand that we have a scale, and as long as you're doing both things to both sides, the answer is going to be
the same at the end of the day. | think that would be cool for them to see, like, let two people do entirely different things
and show them that they're gonna get to the same answer at the end of the day, as long as it's balanced on both sides”

didn't do that. So, | was like,
uhoh | don't want one group
of kids to get a different

system than another group

Conclusions

Beginning teachers implementing teaching mathematics via reasoning
and proving needs to be examined while considering how teachers
navigate the tensions between the proof-related teaching practices
adopted during their teacher education program, their developing
personal teaching styles, and the sociocultural components of

learning/ teaching environments.

Contribution: developing theoretical and analytical tools for analyzing
beginning teachers’ learning how to teach mathematics via reasoning

and proving.
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