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Arizona’s First University
Founded in 1885 before Arizona was a state (1912).

Arizona’s Land Grant University
More than 500 outreach programs. 

• UA campus - 380 acres, central Tucson

• Research 1 Institution

• Public University

• 45,000 students (2018) from all 50 states 
and 120 countries

• 2017-18 designated a Hispanic Serving 
Institution (HSI)



Mathematics Department by the Numbers

Regular Faculty 58

Undergraduate Students

Majors – 646

Minors - 759

Instructional Faculty 37

Post Doctoral Faculty 14
Emphases of the 

Mathematics Major

Staff 26 Applied

Graduate Students 46 Comprehensive

Computer Science

Economics

Education

Life Science

Probability & Statistics



My work:  Mathematics Education

Research group - 5 faculty total

Research in teaching and learning of mathematics at K-16 levels

Director, Secondary Mathematics Education Program Undergraduate 

students – secondary teacher preparation 

Teacher Education - professional development for teachers in mathematics –

summer institutes, workshops, courses

External Funding – grants and private funding

Publications – national and international journals in M.E.

Conference presentations - local, national and international



Mathematics and Mathematics Education

Courses

Teaching

Curriculum development, worthwhile problems

Research – projects, publications & conference 

presentations

Through these venues, we are able to establish 

collaborative partnerships, a place where we 

each learn from each other.



Where do we start?

Common interests that lead to projects

• Mathematical Modeling – teaching/research on 

learning mathematical modeling

• Teaching - developing pedagogy as a common goal 

in different contexts (university courses/K-12 

education)

• Developing effective, research-based pedagogy for 

teaching mathematics



Perspective on Learning

I hear and I forget.
I see and I remember.
I do and I understand.

Confucius



Perspectives on Learning Mathematics

I hear (mathematics) and I forget.
I see (mathematics) and I remember.
I do (mathematics) and I understand.

Confucious



Mathematical Discourse

How do we get more students to purposefully 

communicate in mathematics to understand and 

do mathematics?

What are your ideas?



Instructor Reflection:  

Engaging Students in Mathematical Discourse

The environment of a productive classroom should include 

mathematical talk by all students.  

Many times, the professor/instructor does most (all) of the 

talking.  

I will highlight 3 recommendations from the Instructional 

Practices Guide (2017) published by the Mathematical 

Association of America (MAA).



Instructor Reflection:  

Engaging Students in Mathematical Discourse

Recommendation #1:  Engage students in peer discussions 

about the mathematics.  

• (How) are students expected to share ideas, reasoning 

and justifications of their solutions in class?

• How can we get students to talk mathematically and 

explain and justify their solutions?

• How do professors/instructors support student 

discussions in mathematics?



Instructor Reflection:  

Engaging Students in Mathematical Discourse

Recommendation #2:  Listen to students

• Listen to the mathematical language that the students 

use. 

• Are they able to articulate mathematical ideas?  

• Think of an incident in which a discussion took place 

about a mathematical idea in the classroom.

• Are there students who tend to dominate the discussion? 



Instructor Reflection:  

Engaging Students in Mathematical Discourse

Recommendation #3: Use Multiple Mathematical 

Representations

• What kinds of mathematical representations are being 

used in the classroom?

• What representations help students make connections 

and understand the mathematics?



Mathematical Representation

What are the various ways to represent 
mathematical ideas?



Mathematical Representations

Lesh, Post, & Behr (1987)



Representations of Mathematics

Math 
Concept

Concrete, 
Physical

Semi-Concrete
Pictorial

Linguistic

Written & Oral Expression: the 
square of a number is the 
number multiplied by itself, etc.

Contextual

Rate, time, numeration, fluids, solids, cost,…

Symbolic,
Notation

23 = 8
π
(5*2) + (3*2) = 16
y=x2-4x+3
$42.00



Let’s examine a classic problem…

Sometimes people shake hands to greet one 
another, how many handshakes would be 
exchanged among 50 people? 

What are the different 
ways to represent the 
solution?



Representations of the Solution and Approaches to the Handshake Problem

 𝑛(𝑛 − 1

2
=

𝑛!

2! 𝑛 − 2 !
=

𝑛

2

Combinatorial approach
Function notation

F(n) =
𝑛(𝑛−1 

2

Graphical 
representation

Representation 
from graph theory

Geometric 
representation
6+5+4+3+2+1

Connection 
to linear 
algebra

Triangular numbers in 
Pascal’s Triangle

n, number 

of people

F(n), 

number of 

handshakes

1 0

2 1

3 3

4 6

5 10

n ?

Data points



N

number 

of 

people

F(N) 

number of 

handshakes

1st

diff

2nd

diff

3rd

diff

1 0

1

2 1 1

2 0

3 3 1

3 0

4 6 1

4

5 10

n ?

𝑎 =
1

2
, 𝑏 =

1

2

𝐹 𝑁 =
1

2
(𝑁 − 1 (𝑁 − 1 + 1 

The table suggests quadratic

𝐹 𝑁 = 𝑎 (𝑁 − 1 2+𝑏 (𝑁 − 1 

1 = 𝑎 + 𝑏 ,
3 = 4 𝑎 + 2 𝑏

Gong in-depth 
with a data table



Research Perspectives:  Mathematical Representation

• Students who were able to translate among and transform 

within representations were more proficient in problem solving 

(Lesh, Post, & Behr,1987).

• Representations can be thought of as tools to think with to 

communicate mathematical ideas (Davis & Maher, 1997). 



Theoretical Cognitive Perspectives: Mathematical Representation

• External representations – (observable) ways of expressing 

mathematical ideas for others to see and understand them.

• Internal representations – (psychological) mathematical ideas 

built by the influence and constraint of external situations being 

represented.

• The external representations form the internal representations 

(Greeno, 1988).



“When students gain access to mathematical 

representations and the ideas they represent, 

they have a set of tools that significantly 

expand their capacity to think 

mathematically.” 

NCTM Principles and Standards (2000, p. 67)

Implications for Instruction



How is the use of multiple mathematical 
representations relevant to teaching for equity? 

I argue that the use of multiple mathematical 
representations allows access to more 
mathematics for more students.



Equity in Mathematics Teaching

Gutiérrez, R. (2009). Embracing the inherent tensions in teaching mathematics from an equity 
stance. Democracy and Education, 18(3), 9-16.

Access - resources available 
for students to participate, 
including quality of 
mathematics instruction, 
technology, rigor, a 
classroom environment that 
invites participation, and 
infrastructure for learning 
outside of class hours

Achievement - participation in a 
given class, course taking patterns, 
test scores (SAT), participation in the 
“math pipeline” (K-12, 
undergraduate courses, careers in 
mathematics – industry, graduate 
level…

Identity - when students 
have opportunities to 
leverage their cultural and 
linguistic resources (e.g., 
first languages, dialects, 
algorithms from other 
countries) when doing 
mathematics, and those 
resources are valued, 
considered assets

Power - social transformation: which 
students voices are heard in the 
classroom; who decides curriculum;
opportunities for students to use math as 
an analytic tool to examine critical social 
issues; alternative notions of knowledge



Intersectionality –the multiplicity of social forces that shape our 
situated experiences and identities.

Race

Ethnicity

Language

Economic 
Status

Gender

Social 
Status

Sexual 
Orientation

Identity markers shape who we are and how others perceive us



Culturally Relevant Teaching (CRT)

Three tenets of CRT framework:

1. Academic success – students succeed with challenging 
mathematics

2. Cultural competence – use their language and ways of 
thinking as intellectual resources to participate in 
mathematics

3. Critical consciousness – students develop a sense of 
social activism and challenge the status quo of the current 
social order through an intellectual approach

CRT utilizes students’ culture as a vehicle for learning.

Ladson-Billings (1995)



Equity is where gender, race, ethnicity, socio-economic 
status, sexual orientation,… are not predictors of success, 
but access, opportunity and effort are. 

My hope is that this session will help you reflect on the 
students that you teach and will teach in the future, from 
where they come, and their identity within mathematics.  



The goal of purposeful and equitable mathematics 
teaching is for the inclusion of all student voices – for  
ideas from marginalized students to be given value and 
status in a learning environment, not just the voices of 
those that already feel empowered to voice their 
thoughts – we need to create a space to hear the voices 
of underrepresented students in mathematics.

Cynthia O. Anhalt
canhalt@math.arizona.edu



Thank you.

Cynthia O. Anhalt
canhalt@math.arizona.edu


