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This Phase II project builds on the work of Project Pathways, a targeted MSP that identified attributes of professional development for secondary
mathematics and science teachers that resulted in substantive and sustained improvements in student learning, as documented by student
performance on district exams, state exams, and research-based tools. The Phase I research identified the following 5 key variables that impacted
teaching and student learning that include teachers’: 1) mathematical content knowledge for teaching specific ideas; 2) beliefs about students,
learning and teaching; 3) reflection on the effects of their teaching on student learning; 4) use of curriculum that promotes inquiry-based and
conceptually oriented instruction; and 5) participation in Pathways Professional Learning Communities (PLCs) that supported ongoing reflection
and improvements in their teaching. Phase II is focused on scaling and studying the scaling process of the Pathways Precalculus Professional
Development Model (P3DM). Major components of the model include: 1) summer workshops or graduate courses to support teachers’
development of mathematical content knowledge for teaching specific ideas and reasoning abilities, 2) course materials that support student
construction of knowledge and acquisition of mathematical practices (e.g., sense making, argumentation, perseverance), 3) tools to support
teachers’ comfort with and implementation of conceptually oriented curriculum.
Phase II extends this work by scaling the P3DM to (1) all precalculus and algebra II teachers within current Pathways Partner Schools, (2) other
schools, colleges and universities, (3) classes with more students (greater than 60). Phase II is studying the process of scaling P3DM in each of
the three ways, and continues to examine how the P3DM experience affects teachers’ instruction in other Precalculus level courses such as
algebra II, college algebra and trigonometry.

The Phase II Research Agenda addresses the following research questions:(1) What institutional factors of a school inhibit or support quality
implementation of Pathways Phase II materials? (2) What external resources are needed to mitigate inhibiting factors and capitalize on supportive
factors? (3) What is the typical developmental trajectory of teachers’ understanding of the core mathematical ideas in the Pathways Precalculus
materials and ability to accurately assess students‘ reasoning about these ideas in the classroom setting? (4) What is the typical developmental
trajectory of teachers’ implementation of the Pathways Precalculus materials? What supports are most effective for enabling positive shifts in
teachers?
A minimum of 150 high school mathematics teachers will be involved in addition to university and community college instructors and faculty. The
products of this research will contribute knowledge and tools for scaling up the P3DM in the Precalculus level mathematics (precalculus, college
algebra, trigonometry and high school algebra II).
Our Core Partners in this project are: Arizona State University, as the lead, and the Mesa, Chandler, and Scottsdale school districts.
Supporting partners are: Brigham Young University, the University of Northern Colorado, the University of Georgia, Northern Arizona University,
and Scottsdale Community College.

Affecting and Documenting Shifts in
Secondary Precalculus Teachers’ Instructional Effectiveness & Students’ Learning
Motivation for project
R
R
R

Teachers did not make dramatic shifts in teaching even after taking
courses to develop the key mathematical ideas of calculus, and meeting
regularly with focused Professional Learning Communities (PLC’s).
Teachers with weak and fragmented understanding of key concepts
were limited in their ability to teach with materials that have a
procedural orientation.
Teachers were limited in their ability to attend to student thinking because
of weak mathematical understanding.

Requirements for teachers to develop MKT
and realize shifts in student learning
R

Teachers have deep understanding of the central concepts in the
course, and the process by which students learn and become able to
use these concepts to solve novel problems.

R

Teachers have the ability to reflect on student thinking and learning in
relation to their teaching.

R

Teachers use curricular support materials that promote inquiry-based
and conceptually oriented instruction.

R

Teachers participate in Pathways PLC’s that include a strong leader
that demands that teachers “speak with meaning” about the content
they are teaching.

Mathematical Knowledge for
Teaching P recalc ulus Mathem atics (MK TP)
supports effective precalculus teachers
R
R

Teachers support students in constructing deep understandings and rich
connections among central ideas of precalculus.

R

Teachers have weak understandings and limited ability to conceptualize
and covary quantities.

R

Teachers are not accustomed or equipped to focus on student thinking.

R

Teachers have little time to reflect and work to improve their conception
of the mathematics and of teaching it.

Teachers support students in developing problem solving abilities that
include ways of thinking and ways of approaching complex tasks such as
accessing and using key concepts as needed to solve novel problems.

R

Teachers consciously interpret and act on student thinking when
teaching.

R

Teachers reflect on student thinking and learning in relation to teaching.

R

Teachers reflect on their understanding of the mathematics in relation to
teaching.

Teachers make shifts
R

Challenges

student learning increas es

Students have improved test scores on the Pre Calculus Assessment
test by 5.5 to 9 points out of 25. PCA is a test of the main ideas of
precalculus and has been shown to correlate with calculus readiness.

P athways Precalculus
Profess ional Developm ent M odel Provides :
R

In-class student activities with detailed teacher notes that articulate
desirable and undesirable ways of thinking for each activity.

R

Computer animations and PowerPoints designed to support teachers in
leading conceptually oriented conversations designed to engage students
in quantitative and covariational reasoning.

R

Exams and other assessments to support precalculus teachers in
evaluating student learning.

R

Annual week-long professional development workshops.
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