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Presentation Outline

• Preparing to Teach Algebra (PTA) project 
description

• Brief Discussion 
• Focus OTLs for algebra (teaching and learning)
• Methods & Data Sources
• Findings related to equity and contexts and 

modeling
• Future work
• Questions/ Comments
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PTA Project Overview
Investigate opportunities for pre-service 
secondary mathematics teachers to learn about:
• Algebra
• Algebra teaching
• Issues in achieving equity in algebra learning
• Algebra, functions, and modeling standards and 

mathematical practices described in Common Core 
State Standards for Mathematics (CCSSM)
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Significance
• Algebra: as a foundation for higher mathematics 

& a gatekeeper for entrance to college course 
work 

(Kilpatrick & Izsak, 2008; Rech& Harrington, 2000)

• Changes in standards & teacher education: 
whether teacher education programs are 
preparing teachers to teach algebra in the current 
standards while considering CK and PCK for 
future teachers

(National Research Council, 2010)
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Current Status and Next Steps

Year 1: Developing and piloting instruments 
(disseminating information about process)   
Year 2: Disseminating findings from National 

Survey; Collecting and analyzing the main 
study data 
Year 3: Analyzing the main study data; 

Disseminating findings  



PTA Research Methods
Mixed-methods: 
• Web-based national survey of secondary 

mathematics teacher education programs 
• Case studies at five teacher education 

programs (The Carnegie Foundation for the Advancement of Teaching, 

2010), which involve: 
– Instructor interviews
– Pre-service teacher (PST) focus group interviews
– Course material reviews
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Purpose of the PTA survey

• To provide a snapshot of the current 
conditions in the U.S. for preparing teachers 
to teach algebra 
– general program characteristics
– required courses and experiences
– opportunities to learn algebra and to teach 

algebra as recommended by various policy 
documents, including CCSSM
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Research Question

• “What opportunities do PSTs have to learn 
algebra and to learn to teach algebra?”

– For this presentation we will focus on issues of 
achieving equity in algebra and modeling, as 
defined in CCSSM
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Significance

• Teachers require specialized knowledge to teach 

effectively (Hill, Ball, & Bass, 2005)

• Deep and flexible knowledge of content 

important for PSTs (Hill, Rowan, & Ball, 2005)

• Developing knowledge of algebra independent of 

pedagogy and class/ community context could be 

problematic (Silverman & Thompson, 2008)
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Opportunities to Learn (OTLs)

• Content - content that PSTs are exposed to 
during teacher preparation program (Floden, 2002; 
Schmidt, Cogan, & Houang, 2011)

• Experiences - Effective teachers should 
experience effective mathematics instruction in 
their programs  (CBMS, 2012)

• Our definition of OTL includes content, 
instructional strategies, or integration of both 
for ALL students
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Opening Discussion
• What opportunities do PSTs have to learn 

about equity issues specific to algebra?

• What opportunities do PSTs have in your 
program to work through the modeling 
process found in the CCSSM?



METHODS

13



Data Sources (10-12 instructor interviews at each of five universities)

Mathematics Courses Mathematics Education 
Courses

Common 
courses 
across
universities

Calculus Secondary Math Methods

Linear Algebra Middle School Math Methods

Modern Algebra Field Experience

Probability and Statistics
Geometry

Student Teaching Seminar

Other 
courses

Discrete Mathematics Technology in Education

Advanced Calculus: 
Single Variable

Education and Individual 
Differences

Mathematical
Models/Applications

Teaching in a Pluralistic Society

Senior Capstone Algebra Throughout the 
Curriculum



Data Analysis: Tagging for Algebra

• Desire to focus the data set on algebra, i.e., 
OTLs specifically related to algebra

• Developed Code Book to define:
– Which responses constitute OTLs?
– What does “specific to algebra” mean?
– Where is the line between learn/learn-to-teach?

• Two researchers per transcript, first 
independently, then cooperatively to reconcile



Tagging Examples

• From abstract algebra course: “So for instance, we talk 
about prime numbers and prime factorization.”

• From capstone course: “Some of the students have 
chosen to read some of the work of Euler, like Euler's 
work with, Euler's work in geometry where he did stuff 
with analytic geometry and coordinate geometry to 
think about proving the Euler line of a triangle, right?”

• From abstract algebra course: “The division algorithm 
can be thought of, and if you look at the proof of the 
division algorithm, how that proof really formalizes the 
idea of viewing division as repeated subtraction.”



Contexts and Modeling

• Initial focus on modeling as it is presented in 
CCSSM:

(NGA & CCSSO, 2010)

• Begins with contextualized problem
• Used descriptions in the CCSSM to look for 

specific textual evidence students had the 
opportunity to perform a step(s) in the process



CCSSM Modeling Descriptors
– Identifying and selecting variables 
– Formulating a model by creating and selecting 

appropriate representations
– Analyzing and performing operations to draw 

conclusions
– Interpreting the results of the mathematics
– Validating the conclusions, possibly improving the 

model
– Reporting on the conclusions and the reasoning 

behind them  
(NGA & CCSSO, 2010)
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Contexts and Modeling Findings
• Interested in opportunities to perform isolated steps and 

put it all together
• E.g., from History of Math – “I would say that in an informal 

way yes I mean that's what math is and we're talking one of 
things in a lot of the old documents that get referenced the 
assorted papyrus and what not, ancient texts that have 
managed to survive, the original formulation of the 
problems is so and so has this many loaves of bread and it's 
bread of this strength and how can you equally divide it 
amongst five laborers, that sort of thing. So in the sense 
that they're word problems, ancient word problems that 
you then have to come up with some sort of algebraic 
system if you will that will allow you to solve it.”



Findings Cont’d 
• Using a “Stacking Cups” task to discuss questioning and 

adapting tasks for different classes
E.g., from Modeling in the Curriculum – “We have an activity 
that we, I start off, I give them the situation of we have cups, 
stack them and so they, the way they first do it is we stack 
some cups, they take some measurements and they collect 
data and they graph it, and they come up with whole bunch of 
questions that they can ask kids as well. And if two of these 
questions are not, well I think I should back up, because we do 
talk about how would you redo this for an algebra class versus 
pre-algebra, but in a pre-algebra class, we are just looking at 
the data and we looking at the tables, the multiple 
representation thing, we can look at a table and we can look 
at a graphs, and we are in 6 or 7th grade, we are not in 
algebra what kinds of questions we could ask, or what kinds of 
things we want kids thinking about there.” 
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More Findings
• Courses explicitly about modeling largely 

aligned with CCSSM definition
• Many times students would formulate models 

without evaluating, interpreting or revising
• Having a real-world context is not sufficient 

for students to have a chance to do modeling
• There are contextualized problems presented 

across courses, which may be considered 
opportunities to integrate more modeling



Equity

• Initial focus on opportunities related to 
teaching and learning about equity & algebra

• Supporting diverse learners (Banks et al., 2005)

• Diverse pedagogies (Gutstein, 2005; Strong & Cobb, 
2001)

• Algebra as a “gatekeeper” (Moses & Cobb, 2001)

• Equity issues (Achievement gaps, algebra 
policies and requirements, placements) (Stein et 
al., 2011; Spielhagen, 2006)
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Equity Findings
Learning about strategies to support English Language 
Learners
• E.g., from Secondary Mathematics Methods- “One activity 

which involves a PowerPoint that I presented, and again a 
springboard for discussion, strategies for teaching English 
Language Learners effectively was really the focus, in this 
act, in this PowerPoint, I shared with them some classroom 
discourse from a setting where teachers engage students in 
an examination of similarities and differences among 
equations and different sets of equations. And the idea 
here was that students would use their informal, sort of 
their everyday language or informal language to describe 
any patterns that they were noticing. And how teachers 
then attached key vocabulary words like slope and y-
intercept to some of their ideas.”
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Findings Cont’d

Reading about “algebra for all” to raise awareness 
for accommodating diverse learners
• Mathematics for secondary teachers:
“They read -- for the algebra blocks they read one 
of those algebra for all articles out of Mathematics 
Teacher, but where we find that really hits them is 
once they're in the classroom so in the Secondary 
Math Methods -- now I've got these students, now 
all of a sudden all of them really deeply care about 
differentiation."
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Findings Cont’d

• Algebra- specific findings were few
• There were also descriptions of tasks 

connecting algebra concepts to implications of 
population growth

• Discussion of access to technological tools for 
all (Geogebra in different languages, access to 
calculators for all students)
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Future Work

• Analyze course materials and focus group documents
• Context and Modeling

– Investigate instructors’ varying conceptions of modeling
– Determine in which courses students are more likely to 

perform multiple steps of the CCSSM modeling process
• Equity

– Pursue a broader analysis of equity-related opportunities
– Develop a framework based on Funds of Knowledge, 

Political Conocimiento for Teaching Mathematics 
(Gutierrez, 2012), Algebra for all

– Exploring the necessity of content-specific equity foci
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QUESTIONS/ COMMENTS
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Interview Questions: C & M

• To what extent does your course emphasize modeling?
• Which aspects of modeling are studied in this course?
• Which specific problems or activities do you use to 

teach these aspects of modeling? 
• How does the modeling in this course compare with 

the modeling process described on the handout? 
[Instructor given the contexts and modeling handout]

• *What opportunities do students have to learn about 
how to teach modeling in secondary schools? 
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Interview Questions: Equity
As you may know, algebra is often seen as a gatekeeper to post-
secondary career or college opportunities.  We’re trying to get a sense 
of opportunities that pre-service teachers have to learn about equity 
issues related to algebra, including, for example, access to algebra, the 
achievement gap between students of color and white students in 
algebra, and tracking students in algebra courses in high school.    
• To what extent does your course address equity 

issues related to algebra? 
• Which specific aspects of these equity issues are 

emphasized? 
• *How do you prepare your students to teach diverse 

groups of students, for example, special education 
students, English language learners, in algebra 
classes?
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