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ABSTRACT KEYWORDS
Transforming mathematics learning and teaching toward more equitable Mathematics specialists;
and effective approaches is critical to student mathematics learning and ~ teacher leaders; coaches;
identity development. This task at-scale in a district takes time, commitment, professional development;
and mathematics expertise that may not be widespread in the absence of teaCh.er learning; student
focused professional development. District and regional mathematics lea- learning

ders with university mathematics and mathematics education faculty part-

nered to address this challenge by designing a professional development

program that prepared K-12 teachers of mathematics as leaders at the class-

room, school, and district level. Described are specific aspects of

a professional learning model focused on developing mathematics content,

pedagogical, and leadership knowledge and skills. Also provided are findings

related to the impact of the project’s professional development on shifts in

instructional practice and student achievement.

Introduction

As schools and districts aspire to transform the teaching of mathematics to be problem-based and
discourse-rich, many turn to using mathematics specialists to support instructional shifts (National
Council of Teachers of Mathematics, 2014). Because having a mathematics specialist who serves as
a coach, working with adults, is an added expense for schools and often removes highly skilled teachers
from their work with students, examining the influence and impact of both mathematics coaches and
classroom-based teacher leaders is critical. An NCTM research brief detailed 24 research studies of
mathematics coaches (McGatha et al,, 2015). Across the studies, researchers saw improvements in teaching
practices connected to the focus of the professional learning (e.g., questioning, mathematical discourse,
student engagement, conceptual understanding, formative assessment); however, there were only six
studies that examined student achievement. At present, there is minimal research on how mathematics
specialists that remain at least partially in the classroom can support improved teaching practice across
a school and on how both types of specialists can positively influence student achievement.

An examination of the student achievement literature pertaining to mathematics specialists (MSs)
revealed that almost all the studies examined student achievement at either the elementary or middle
grades, and most of the research focuses on the impact of mathematics specialists in a coaching role
(Balfanz et al., 2006; Brosnan & Erchick, 2010; Campbell et al., 2017; Campbell & Malkus, 2013; Coniam,
2010) rather than as classroom teachers (Meyers & Harris, 2008; Nickerson, 2010; Zollinger et al., 2010).
When studying the impact of mathematics specialists on student achievement, the research designs
typically included either school level (Brosnan & Erchick, 2010; Nickerson, 2010; Zollinger et al., 2010) or
student level data on state administered assessments (Balfanz et al., 2006; Campbell et al., 2017; Coniam,
2010; Meyers & Harris, 2008). Of the six studies that included student level data, one was limited by
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a small student sample size (Coniam, 2010), another was unable to obtain true baseline data (Campbell
et al., 2017), and only one reported specifically on closing the achievement gap among subgroups
(Balfanz, Maclver, & Byrnes, 2006). One study (Meyers & Harris, 2008) revealed that students who
were in schools with more than one mathematics specialist experienced significantly greater gains than
students in schools with only one mathematics specialist. Studies by Campbell and Malkus (2013) &
(2017)) indicated that increases in student achievement were often not seen within a year of treatment
but that several years were needed to see a significant impact on student achievement.

The present study focuses on the preparation, influence, and impact of well-prepared mathematics
teacher leaders (MTLs) by providing evidence of their content and pedagogical knowledge growth,
their use of research-proven teaching practices in their classrooms, and the achievement of their
students. The 3-year East Metro Mathematics Leadership (EaMML) Math-Science Partnership project
was a collaboration among David Douglas School District (District 1), Centennial School District
(District 2), the Multnomah Education Service District, Portland State University, and RMC Research.
The EaMML districts sought to develop district-wide mathematics leadership teams (MLTeams)
representing every school in the districts, and including individuals serving a variety of roles: teachers,
elementary instructional coaches, principals, and district mathematics leaders. These teams would
engage in deepening their mathematics content, pedagogical, and leadership knowledge and skills to
better serve students in their schools. A subset of the MLTeam members were also mathematics
leadership cadre (MLC) members who, in addition to leading through their roles as teachers, coaches,
or administrators, were charged with disseminating their learning by providing professional learning
for non-EaMML teachers at the grade, course, school, or district level.

There are several unique features of the EaMML project that add to the research base. One unique
feature of the EaMML project is the K-12 representation of math specialists engaging in both across-
the-grades and within-grade-band professional learning. The math specialists included both formal
(i.e., coaches) and informal leaders (i.e., elementary teachers teaching all subjects as well as middle-
and high-school mathematics teachers). A second unique feature is studying the preparation and
positioning of classroom teachers as mathematics leaders, as most of the research focuses on mathe-
matics specialists as coaches. Few studies examine the impact of classroom-based mathematics
specialists on student achievement. Not only did the EaMML project utilize student-level state
assessment data in a rigorous quasi-experimental design, but the project also examined data across
elementary and middle school (grades 3-7) and from an equity perspective, investigating if student
achievement gains were experienced consistently across gender, race, ethnicity, and socio-economic
status. Finally, to provide more information about translation of teacher learning to instructional
practice, the EaMML project collected pre-post, K-12 teacher-level artifact and observation data.
While several studies include observation data, there were no studies that also included artifacts.

Research Questions
EaMML’s research questions focus on the project’s impact on both the MTLs and their students.

RQ1: What was the influence of EaMML professional development on MTL mathematical content
knowledge, pedagogical knowledge, and leadership knowledge and skills?

RQ2: To what extent has the EaMML project increased the school and district capacity to provide
mathematics professional development?

RQ3: To what extent did EaMML MTLs use research-proven instructional practices that develop
deeper student understanding of mathematics in their classrooms?

RQ4: Did students who had an EaMML MTL demonstrate higher achievement on state assessments
than students who did not have an EaMML MTL?
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Table 1. EaMML leadership types.

Leadership Type Description

Project Leadership Individuals from each partner who guided project development and supported implementation

(n=28) through their facilitation of various professional learning components.

Mathematics Leadership Individuals from every school in the districts were identified to serve as the MLT and engaged in
Team (MLT) ongoing learning through project professional development (described in upcoming section).

(n=94) This group included teachers, elementary instructional coaches, principals, and district

mathematics leaders. They led by supporting effective and equitable mathematics teaching
through their role (i.e., modeling effective and equitable practices, actively engaging in
mathematics professional learning communities serving as a “more knowledgeable other”).
Mathematics Leadership Beginning in year 2, 29 of the 94 MLT members volunteered to serve as part of the MLC. This
Cadre (MLC) included teachers, elementary instructional coaches, and district mathematics leaders. As
(n=29) informal or formal leaders, MLC members led by designing and facilitating professional learning
for their grade-level or course team, school, and district colleagues.

Note: The n's reflect the total number of recruited participants.

Definition of Mathematics Teacher Leaders for the EaMML Project

Table 1 provides a description of the three leadership participant types for the EaMML project.
EaMML focused on two types of leaders-those who participated through the MLTeam and those
who also served through the MLC. While the project focused on these two types of leaders holding
varied roles (i.e., teachers, instructional coaches, administrators), this manuscript focuses on the
teaching and learning outcomes for the EaMML MTLs; specifically, these are the MLTeam’s class-
room-based teachers who completed the 3-year project (i.e., 51 of the 67 teachers), of which 19 were
also part of the MLC.

A potentially surprising characteristic of the MLC was that formal leadership roles did not
guarantee engagement with providing school- and district-level mathematics professional develop-
ment for the EaMML project. For example, of the 14 elementary instructional coaches in the project,
only three chose to participate in the cadre. The vast majority (i.e., 76%) of the MLC members were
classroom teachers, this in contrast with having the majority in formal leadership roles (i.e., school-
level coach, district-level specialist, or administrator). This is similar to the overall relationship
between informal and formal leaders among the MLTeam members, suggesting that EaMML mathe-
matics teacher leader participants were not only leading from within their classroom but also outside
their classrooms through their role on the MLC.

Conceptual Framework for the Preparation of EaMML Mathematics Teacher Leaders

NCTM'’s Principles to Actions (NCTM, 2014) was used to develop a shared vision for effective and
equitable mathematics teaching among project leaders and participants while providing a foundation
for the various professional development (PD) components. Central to all the PD components was the
emphasis on implementation of high cognitive demand tasks, connected representations (i.e., physical,
visual, verbal, symbolic, and contextual), and meaningful student mathematical discourse in support
of deep mathematics learning, which provided coherence across the PD components.

EaMML’s desired outcomes included both deepening teachers’ professional knowledge and skills as
well as increasing the district and school capacity for providing effective mathematics learning
experiences for teachers and students. Because of this, EASMML’s PD model included a combination
of job-embedded professional development approaches for all EaMML participants (i.e., book studies,
lesson studies, curriculum mapping, assessment development) and the option to participate in
standards-aligned graduate-level mathematics specialist (MS) coursework (Association of
Mathematics Teacher Educators, 2013; NCTM, 2014; Sutton et al., 2011). Summarized in Table 2
are the various components of the EaMML Professional Development program, the total number of
hours, the facilitators, and the participating groups (i.e., MLTeam, MLC, other teachers).



4 N. RIGELMAN AND C. LEWIS

Table 2. EaMML professional development activities.

Facilitators* Participants
Total  Project
Activity Description Hours Leaders MLC MLT MLC Others
Kick Off Events. Beginning in Spring 2014 and again in Fall 2015 and 2016, 28 | . .

teacher, coach, and administrator participants in each district engaged in
daylong events focused on connecting EaMML professional learning with
research-proven instructional and leadership practices. In Fall 2017, there was
a project wide celebration that included a presentation and celebration of the
research results (i.e., EaMML effect on teacher and student learning) as well as
planning for continued work following the project.
Book Studies. Book studies, offered 3 times in Spring 2014 and 4 times in each 14 s .
subsequent year for 2 hours, supported development of teacher and coach
knowledge about pedagogy and leadership; the first read, Principles to Actions
(NCTM, 2014), supported development of a shared vision for effective and
equitable mathematics teaching and learning. Additional books were selected
to help teachers and coaches develop the skills (a) eliciting and using student
mathematical thinking to inform instruction, (b) designing/adapting tasks to be
responsive to and relevant for students, and (c) honing leadership skills.
Lesson Studies. Lesson studies, offered Spring 2014 and 3 times in two 49 s .
subsequent years to grade band teams, supported development of specialized
mathematical content and pedagogical knowledge. The groups convened in
a lead team member’s classroom for a 1-day modified lesson study (Hurd &
Lewis, 2011; Watanabe, 2002). Instead of tuning a lesson, this work focused on
tuning practice through collaboratively “doing the math,” planning for student
engagement in high-level thinking and discourse, observing for student
mathematical discourse, debriefing, and planning next steps-all keeping
effective and equitable teaching practices at the fore.
District-Based Curriculum Work. Each summer, district mathematics specialists 28 | . .
convened teachers and coaches to work on a combination of activities that
included: establishing a mathematics vision, engaging in curriculum review,
developing curriculum and assessment maps and associated resources.
Common features across the collaborative work were examination of standards
and progressions, analysis of tasks and curriculum materials including
assessments to identify and address potential gaps.
Optional:** Mathematics Specialist Coursework. EaMML teachers and coaches 210 l,s, + . . .
were invited to participate in graduate-level courses aligned with AMTE's EMS
Standards (AMTE, 2013). These courses were clustered into content-focused
pedagogy and leadership courses—seven 30-hour courses in all. Focal content
for the included Base Ten Numeration and Operations; Whole Number and
Fraction Operations; Generalizations about Operations; Patterns and Functions;
Measurement; Data Analysis where DMI materials served as the foundation.
Participants completed 5 of the 6. The leadership course and practicum focused
on leading both within and outside the classroom.
Building- and District-Based Professional Learning. Beginning in Fall 2016, 169 s .
Mathematics Leadership Cadre Members began supporting project-sponsored
professional learning such as the book studies and lesson studies. They also
offered professional learning through coaching and mentoring colleagues
individually or through their grade-level or course teams as well as leading
colleagues in book studies or lesson studies.

*| = led, s = supported, + = included other PSU facultyHT
**Mathematics Specialist Courses were completed by a subset of MLT and MLC members. The courses were also open to district
colleagues.

The purpose of selecting job-embedded PD approaches not only supported careful study and
transformation of day-to-day instructional practice (Ball & Cohen, 1999; Smith, 2001; Sztajn et al,,
2017), but it also allowed MLC members to replicate these structures and content as they shared
learning with their colleagues. Similarly, the MS coursework centered on learning from practice with
expectations to implement course-based learning when working with their students and colleagues.
The intended by-product of the project was to cultivate leaders who would help sustain ongoing
mathematics PD for all district teachers.
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Garet et al. (2001) identified three structural features of effective professional development as (1)
the form of the activity, (2) the duration of the activity, and (3) the degree to which the activity
promotes collective participation. These structural features along with the unique core features defined
by Desimone (2009)-content focus, active learning, coherence — were considered in the EaMML PD
design. The PD model included six components described in Table 2. All the PD components reflect
reform-type PD. On the surface, the MS Coursework might be considered traditional PD but the case-
based curriculum design (i.e., written and video cases, cases of one’s own students) supports teacher
leaders with developing deepened mathematical understanding simultaneous to developing pedago-
gies responsive to their students’ thinking. Four of the six activities included all participants (i.e.,
kickoff events, book studies, lesson studies, and district-based curriculum work) with a subset of
participants—specifically 20-completing four or more courses in the mathematics specialist program
and 29 engaged as MLC members, leading professional learning within their team, school, or district.
Taken together, all EaMML participants engaged in sustained professional learning logging more than
50 hours during each of the full two years. The 20 participants engaged in coursework had an
additional 90 contact hours per year. MLC members-not including district leaders—led an additional
169 hours of professional learning in the second full year. Across the professional learning compo-
nents teachers engaged in purposeful collaboration both within-grade or across-the-grades focused
squarely on transforming students’ opportunities to learn.

The desired pedagogical outcomes from the EaMML professional learning were to enhance
participants’ professional knowledge and skills so they could make shifts in instructional practice
that would positively impact students’ mathematics learning. Each component of the EaMML PD
supported participants with deepening their understanding of the content they taught and the ways
students learn that content. Through participation in the lesson studies, teachers and coaches put their
learning from the book studies and the courses into action while they also developed skills with
noticing, analyzing, and responding to students’ thinking. As described in Doerr et al. (2010) a focus
on student thinking and classroom practice can lead to developing productive habits of mind focused
on continuously learning from teaching.

The desired leadership outcomes from the EaMML professional learning were to prepare partici-
pants for their leadership role by broadening their perspectives about leadership and equipping them
to support collaborative professional learning. Instead of viewing leadership as an individual, EaMML
project leaders wanted participants to view leadership as a shared practice (Harris, 2003; Muijs &
Harris, 2003). This view of shared or distributed leadership positioned teacher leaders to lead formally
and informally, sharing their expertise both within and beyond their classrooms (c.f. Wasley, 1991).
EaMML participants had the opportunity to deepen their understanding of how adults learn and
models for supporting that learning while simultaneously developing their identity as a teacher and
leader of mathematics. Through participation in the book studies and lesson studies, teachers and
coaches experienced learning in the ways project leaders hypothesized could be used to support
continued learning at the grade, course, school, and district levels. Teachers and coaches participating
in the MS coursework also completed field-based projects where they engaged in a coaching cycle
supporting a new or experienced teacher and facilitated professional learning at their grade or school
level. In the last year of the grant, MLC members not only supported facilitation of grant sponsored
events but also led learning for their team, school, district, and beyond.

Methods
Participants

The project was a 3-year collaboration from 2014 to 2017 among one large city school district (14
schools, approximately 9,800 students, 75% free and reduced lunch (FRL), and 55% Black and
Indigenous People of Color (BIPOC)), a large suburban district (9 schools, approximately 6,000
students, 77% FRL, and 60% BIPOC), an education service district, a university, and a research
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firm. In the 2016-2017 school year, approximately 75% of the students in both districts had access to
free and reduced lunch, and 55% of the students were BIPOC in District 1 and 60% in District 2. Of the
94 recruited EaMML MLTeam members, 67 were classroom teachers, and 51 completed the 3-year
project and provided both pre and post data, hereafter referred to as EaMML teachers. Of the 51
EaMML teachers, four taught Grade K, four taught Grade 1, three taught Grade 2, six taught Grade 3,
four taught Grade 4, one taught Grades 4 and 5, five taught Grade 5, six taught Grade 6, one taught
Grade 7, two taught Grade 8, four taught Grades 6-8, and eleven taught a range of mathematics
courses in Grades 9-12.

Research Question 1: Mathematics Teacher Leader Learning
Design

Research Question 1 is addressed using two pretest-posttest designs. EaMML teachers completed
a survey at the onset of the project (pretest) and at the conclusion of the project (posttest). The
matched pre-post completion rate was 76% (51 of 67). The research team developed the survey to
measure changes in teachers’ pedagogical and leadership knowledge and skills. The research team
reviewed a 121-item teacher survey developed by the Arizona Mathematics Partnership (AMP),
a 5-year Mathematics and Science Partnership project funded by the National Science Foundation
(Weaver et al., 2018). The research team selected items from the AMP survey, modified some wording
of the items, and developed items that aligned with the instruments for the other designs. The survey
includes one scale measuring leadership with three items that directly aligned with the definition of
leadership for this project. These focus on teacher collaboration, sharing instructional materials, and
leading professional learning. There were six scales measuring different types of pedagogical knowl-
edge: (1) addressing Common Core State Standards in Mathematics, (2) developing mathematical
tasks, (3) addressing students’ learning needs, (4) assisting students in sense making, (5) encouraging
student discourse, and (6) developing students’ mathematical reasoning. The research team calculated
the Cronbach’s alpha score for each scale to determine the reliability and internal consistency of each
scale. The Cronbach’s alpha scores for all scales exceeded 0.67.

For the second pre-post design, EaMML teachers completed one of the Mathematical Knowledge
for Teaching (MKT) assessments (Hill et al., 2004) at the beginning of the project (pretest) and at the
end of the project (posttest). The matched pre-post completion rate was 76% (51 of 67). The MKT
measures changes in participants’ specialized knowledge for teaching mathematics. This project used
the Number Concepts and Operations (elementary school and middle school versions with elementary
and middle school participants respectively) and the Patterns, Functions, and Algebra (with high-
school participants) assessments, because these assess topics addressed in the EaMML professional
development. Utilizing Item Response Theory, the MKT assessment scales have reliabilities between
0.75 and 0.85.

Analysis

Paired t-tests were used to assess differences between pre and post. Differences were deemed
statistically significant if p < .05. Significance tests were only conducted at the aggregate level; however,
the data were broken out by key subgroups to determine descriptive differences between MLC and
MLTeam participants, those teaching Grade K-5 and Grades 6-12, and those who completed the MS
coursework through the practicum (i.e., 24 quarter credits of graduate-level coursework) and those
who had not. Significance tests were not conducted for each subgroup due to limited sample sizes and
to reduce the probability of a false-positive finding.
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Table 3. EaMML survey pre and post data (Means) by subgroup.

Instructional Common Core  Mathematical Learning Sense
Leadership*  State Standards* Tasks* Needs* Making*  Discourse* Reasoning*®

n Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post

Overall 51 3.29 3.52 3.22 3.67 291 3.53* 331 3,55 3.15 3.55 297 345 274 3.34
Grade K-5 27 3.7 3.53 3.07 3.69 274 347 312 344 296 356 282 347 254 327
Grade 6-12 24 343 3.50 3.38 3.65 310  3.60 351 3,67 337 353 3.4 342 296 342
Practicum 10 3.50 3.83 3.25 3.90 297  3.67 300 350 3.08 378 295 380 270 3.50
MLT 32 320 3.47 3.17 3.64 286 356 328 349 308 349 290 342 272 332
MLC 19 346 3.60 3.29 3.71 298 347 335 365 327 365 3.09 349 277 337

Survey Response Options: 1 = Not at all, 2 = A little, 3 = Somewhat, 4 = Very. Only matched pre and post data are included. Paired
t-tests used to assess differences between pre and post at the aggregate level. *Differences deemed significant if p < 0.05

Results

The results indicate that EaMML teachers (n = 51) increased their leadership knowledge and
pedagogical knowledge after completing the EaMML professional development program. EaMML
teachers’ scores on all seven four-point scales increased significantly over time (see Table 3). The
average post scores were all high (i.e., three or higher). An examination of subgroup differences
revealed that those who completed the practicum had the highest post scores (M = 3.83) along with
MLC members (M = 3.60) for leadership knowledge. For the pedagogical knowledge scales, those who
completed the MS coursework through the practicum had the highest post score for five of the six
scales and MLC members’ post scores were higher than the MLTeam members’ post scores for five of
the six scales.

Closer examination of the items that comprise the leadership scale indicated which aspects of
leadership were strongest for MTLs. Two of the survey items increased significantly from pre to post:
“talk about math teaching and learning with colleagues” (Pre, M = 3.55; Post, M = 3.73) and “design
and lead professional learning sessions for peers” (Pre, M = 2.69; Post M = 3.06). The item “share
instructional materials with colleagues” did not increase significantly from pre to post (Pre, M = 3.65;
Post, M = 3.75); however, teachers already felt confident in this area at the time of the Pre. Although
MTTLs significantly increased in terms of designing and leading professional learning for their peers,
this was the area in which they rated themselves the lowest.

The MKT results indicate that EaMML teachers increased their mathematical and pedagogical
knowledge; scores improved on all assessments and elementary and high-school participants’ scores
increased significantly (see Table 4). An examination of subgroup differences reveals that the MLC
members’ post scores were higher than the MLTeam members’ post scores on all assessments. The
results for the mathematics leadership practicum subgroup were mixed: those completing the ele-
mentary version of the assessment obtained the highest post score; however, those completing the
middle school version had the lowest post score.

Research Question 2: Increased Capacity
Design

Research Question 2 is addressed by collecting data on the mathematics leadership support MLC
members provided to their colleagues. In the 2016-2017 school year, the research team documented
the number of professional development events, the number of hours, and the specific audience for
each event (i.e., grade level or course team, school-based, district-based, and outside the district)
provided by the MLC teacher leaders. Because expectations for leading professional learning for
colleagues were late in the EaMML project, the research team collected data a year and a half after
the conclusion for the grant by surveying MLC members (18 of the 19 were still at the district) and
interviewing the remaining district mathematics specialist to determine which, if any, activities
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Table 4. Mathematical knowledge for teaching pre and post results by subgroup.

n Pre Post
Number Concepts and Operations (ES)* 30 0.3793 0.9315
Practicum* 8 0.8196 1.7798
MLC 1 0.6251 1.1064
MLT 19 0.2370 0.8303
Number Concepts and Operations (MS) 12 0.5604 0.9646
Practicum 2 0.5907 0.0892
MLC 6 1.1922 1.3630
MLT 6 —-0.0715 0.5662
Patterns, Functions, and Algebra (HS)* 9 0.9249 1.5614
MLC 2 0.7178 1.9500
MLT 7 0.9841 1.4503

Only matched pre and post data are included. n = 30 for NCOP (ES). n = 12 for NCOP (MS).n=9
for Patterns, Functions, and Algebra (HS). Scale: NCOP ES ranges from —2.75 to 3.02; NCOP MS
ranges from —2.80 to 2.53; Patterns, Functions, and Algebra ranges from —3.35 to 2.19. Paired
t tests were used to determine whether aggregate gains were significant. *Differences were
deemed significant if p < 0.05.

continued, how often, and the supports and hindrances faced as they continued the mathematics-
focused work.

Analysis

The research team used the project records to report on the frequency and duration of professional
learning events. The follow-up survey data were summarized using descriptive statistics and open-
ended items were analyzed for themes. The follow-up interview was analyzed to identify themes and
used to better understand the contexts influencing the follow-up survey results.

Results

Across the two districts, there were 98 events led by MLC teacher leaders in the 2016-2017 school year,
60 in District 1 and 38 in District 2, for a total of 169 hours, 116 hours in District 1 and 53 hours in
District 2. Figure 1 shows the range of professional learning activities including by grade level, school
based, district based, and outside of the district.

The follow-up survey results revealed the positive impact of the project-purchased lending
libraries for book studies and protocols for analyzing student work or students at work such as
in lesson study. These resources supported MLC members to lead book studies (41%), lesson
studies (59%), or aspects of lesson study (59%) and were the most common ways the MLC teacher
leaders continued to lead once the project ended. These MTLs, with the support of their grant-
inspired school-based mathematics leadership teams and MTL roles (i.e., mathematics resource
teachers in District 1, and mathematics residents in District 2), regularly facilitated or co-facilitated
learning for their teams, schools, and districts (41%). Fifty-nine percent reported leading profes-
sional learning on a weekly/bi-weekly basis, 35% on a monthly/quarterly basis, and 6% reported
only annual opportunities to lead professional learning. In the interview, the district mathematics
specialist reflected “we are seeing teachers opt in to more professional learning and begin to assist
with the planning and facilitation of district professional learning. Those who were part of EaMML
are often quicker to step into the lead facilitator role than those who have not had as much
training.”

MLC teacher leaders also revealed supports and hindrances to improving mathematics teaching
and learning. Following EaMML, each district created MTL roles. Most saw these leadership oppor-
tunities as a lasting success of EaMML, with 76% of the MLC members serving in these roles. Others
reflected positively on opportunities to influence their colleagues’ instructional practices through
opening their classrooms for colleagues to visit and collaborating within their teams. The most
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B Grade Level or Course Based Team [l School Based District Based Outside District

District 1

District 2

Overall

0% 25% 50% 75% 100%

Npistriet 1=1 16 hours; Npistrict 2=53 hours; Novera=169 hours

Figure 1. Percent of professional development activities by audience.

common challenges identified were skepticism or resistance from colleagues (~24%) and lack of time
to collaborate (19%). Finally, a hindrance for some was also the way MTLs are positioned as voluntary
or supplemental rather than central supports to leading change (i.e., math focused coaches, compen-
sated roles).

Research Question 3: Mathematics Teacher Leader Instructional Practices
Design

Research Question 3 was addressed using a mixed-method approach utilizing both artifacts and
observations. Both were scored using the Instructional Quality Assessment (IQA; M. Boston &
Wolf, 2004) which focused on Academic Rigor in both tools, and added Accountable Talk, and
Accountability to Knowledge and Rigorous Thinking for the observations. These domains are aligned
with focus areas in the EaMML professional development. Artifacts were scored using the three
academic rigor rubrics: Potential of the Task, Implementation of the Task, and Teacher
Expectations. Each domain on the artifact rubric could receive a slightly different score range;
Potential of the Task had a range of 0 to 4, Implementation of the task 1 to 4, and Teacher
Expectations, 1 to 4 and not applicable. For the observation rubrics the following domains could
receive a score of 0 to 4: Potential of the Task, Implementation of the Task, Student Discussion
Following the Task, and Mathematical Residue. The Questioning, Participation, Teacher Linking,
Student Linking, Asking, and Providing domains could receive a score of 0 to 4 or not applicable.
EaMML project leadership deemed scores of 3 and 4 as reflective of optimal teaching practices. Scores
3 and 4 focused on, for example, high cognitive demand tasks and conceptual understanding rather
than a focus on procedural skill; 3 s and 4 s focused on questions pressing for justification of why
versus telling how; and 3 s and 4 s focused on sharing and comparing multiple strategies rather
privileging a single solution path.

EaMML teachers submitted classroom artifacts at the onset of the project (pre) and at the
conclusion of the project (post). The matched pre-post completion rate was 75% (50 of 67 teachers
submitted artifacts at the onset and completion of the project). The classroom artifacts included (a)
a cover sheet for the teacher to record general information, (b) a mathematics task that either the
teacher developed or borrowed from a curriculum resource, (c) the rubric the teacher used to score the
student work, and (d) four examples of student work (i.e., work receiving a low score, middle score,
and high score, as well as an example the teacher found interesting).
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The research team designed an objective and rigorous artifact scoring training. The artifact scoring
process involved each member of EaMML project leadership team (a) reviewing the artifact and cover
sheet, the student task, the rubric the teacher used to score the student task, and examples of student
work; (b) scoring the artifact independently using IQA Rubrics, (c) discussing the individual IQA
scores and discrepant scores, and (d) determining and recording a final consensus score for data
analysis. The research team calculated pre and post interrater reliability. Reliability was at least 0.67
before coders conferred.

For the observations, a random stratified sample of 31 EaMML teachers were selected for pre and
post observation. Of the 31 teachers, 26 were observed in Year 1 (pre) and Year 3 (post) for a pretest-
posttest design. As with the artifacts, the research team used the IQA Classroom Observation Rubrics
due to their alignment to the project’s professional learning goals and artifact rubrics.

The observation training and scoring processes were similar to those used for the artifacts. The ten
coders met multiple times in Fall 2015 to view classroom videos and code videos in an effort to
increase reliability between coders prior to conducting the baseline observations. During the training,
and through the duration of the project, the research team conducted analyses to assess interrater
reliability among observers. Overall, the reliability of the observers’ independent scores was high (i.e.,
at least 0.73); however, there were some domains with lower reliability. Therefore, there were always
two observers at each observation, each observer independently recorded scores, and then discussed
and arrived at consensus scores for each domain.

Analysis

Independent t-tests and Mann-Whitney U-tests were used for between-group comparisons, paired
t-tests, and Wilcoxon tests were used for within group comparisons. For all tests, differences were
deemed statistically significant if p < .05. As with the prior research question, significance tests were
only conducted at the aggregate level and key subgroup differences are provided descriptively.

Results

The results indicate that EaMML teachers increased their use of research-proven instructional
practices after completing the EaMML professional development program. Artifact data (n = 50)
indicate that teachers increased their use of research-proven instructional practices that develop
deeper student mathematics understanding: scores increased over time in all areas and significantly
for two of the three areas as shown in Table 5. EEMML teachers’ post scores were highest for Potential
of the Task. None of the average post scores were within the range of strong mathematical practices
(i.e., a score of 3 or higher).

The research team examined key subgroups to determine if there were differences. An examination
of subgroup differences reveals that the MLC members’ post scores were higher than the MLTeam
members’ post scores for all three components, those teaching Grade K-5 demonstrated higher post

Table 5. Pre and post artifact data (Means) by subgroup.

Potential of Task Implementation of Task* Teacher Expectations*

n Pre Post Pre Post Pre Post

Overall 50 2.60 2.86 2.20 2.58 2.26 2.65
Grade K-5 30 263 2.80 223 2.60 236 271
Grade 6-12 20 2.55 2.95 2.15 2.55 2.1 2.56
Practicum 10 2.70 3.20 2.10 2.80 2.30 2.80
MLC 19 242 2.95 2.05 2.63 222 2.72
MLT 31 2.71 2.81 2.29 2.55 2.29 261

Only matched pre and post data are included. n = 45-50 for all indicators. Possible Ratings: Potential of the Task
0-4, Implementation of the Task 1-4, and Teacher Expectations 0-4 or not applicable. Wilcoxon tests were
used to compare pre to post for overall scales only, not subgroups. *Differences were deemed statistically
significant if p <0.05.
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scores for two of the three components compared to those teaching in Grades 6-12, and for all three
components the mathematics leadership practicum subgroup had the highest post score.

By the end of the project, observation data indicated EaMML teachers were using more research-
proven practices in their classroom than they were at the onset of the project. Teachers (n = 26) were
observed at the beginning and end of the project and were rated in ten areas: observation scores
increased over time in all ten areas and significantly in three areas: Questioning, Student Linking, and
Providing (Students’ Responses). Teachers’ scores were highest for Participation and Potential of the
Task with mean post scores of 3 or higher as shown in Table 6. Teachers’ scores were lowest for
Student Linking: the mean was 1.77 at post.

The research team examined key subgroups to determine if there were differences. An examination
of subgroup difference reveals that the MLC post scores were higher than the MLTeam post scores for
six of the ten components, those teaching Grades K-5 had higher post scores for eight of the ten
components compared to those teaching Grades 6-12, and those who completed the mathematics
leadership practicum did not have higher scores than other groups for any components.

Research Question 4: Student Learning
Design

Research Question 4 was addressed using a quasi-experimental study. The initial sample was com-
posed of 47,672 records representing 21,496 students in Grades K through 11, in two participating
school districts. A total of 692 duplicate records were removed from the sample.! Student membership
in the treatment or comparison group was determined based on receiving instruction from an EaMML
teacher. In the participating districts, a total of 56 teachers served as EaMML teachers (#pjsgrict 1 = 20,
NDistrict 2 = 36) and 328 (Mpisict 1 = 148, Mpisuict 2 = 180) served as comparison teachers. EaMML
teachers engaged in project professional development during the final four months of the baseline year
(2014-2015). As such, students taught by an EaMML teacher during this time period (n = 3,579) were
removed from the analytic sample to ensure that students included in the treatment group were
exposed to at least one full year of instruction from an EaMML teacher. Students were included in the
treatment group if they were taught by an EaMML teacher in at least one of the treatment years (2015-
2016 or 2016-2017) and students were included in the comparison group if they did not receive any
instruction from an EaMML teacher during this time. The final analytic sample included data from the
students of 287 teachers, 36 EaMML teachers (#pitrict 1 = 14, Mpistrict 2 = 22), and 251 comparison
teachers (npjgtrice 1 = 94, Npistrict 2 = 157).

Analysis

Two HLM Models were used to assess the impact of EaMML on student achievement as measured by
the Smarter Balanced Assessment of Mathematics. HLM Model 1 was a two-level longitudinal model
(i.e., growth model with scores nested within students) that tested whether student achievement scores
increased at a greater rate if taught by an EaMML teacher versus a comparison teacher and included
a time by treatment interaction term. HLM Model 2 included 3-way interaction to test whether the
EaMML effect was moderated by student subgroups. All models included grade level of the student in
2015, district, and controlled for baseline achievement.

'All duplicate records included identical Smarter Balanced Assessment scores. In 356 of these records a student was linked to
multiple teacher types. In these cases, if a student was assigned to an EaMML teacher the record for the EaMML teacher was
maintained in the sample. For those with both dropped teachers and non-EaMML teachers the record for the dropped teacher was
maintained.
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Results

The results of the first HLM model are presented in Table 7. Smarter Balanced Assessment scores for
all students increased significantly over time with, on average, scores increasing 31.4 points at each
subsequent administration. In addition, students who had an EaMML teacher at any point during the
study, scored significantly higher than those of comparison teachers with EaMML students scoring, on
average, 23.6 points higher at each administration (Hedges g = .02). A significant time by EaMML
interaction was also observed with scores increasing, on average, 7.72 points more per administration
for EaMML students than for comparison students. The covariate for district was also significant with
students in District 1 scoring, on average, 11.24 points higher than students in District 2. The grade
level in 2015 indicators were also significant predictors in the model. This is to be expected as scores on
the Smarter Balanced Assessment are scaled to increase with each grade level. The predicted scores at
baseline, first, and second follow-up for EaMML and non-EaMML students by grade level and district
are presented in Table 7 for students in Grade 3, Grade 4, Grade 5, and Grade 6 at baseline.

The second HLM model tested whether the EaMML eftect differed by student subgroup, results for
this model are presented in Appendix A. The EaMML effect was consistent across students by gender,
race (Underrepresented vs. White, Asian, Pacific Islander), ethnicity (Hispanic vs. Non-Hispanic), and
SES (Free-and-Reduced Lunch vs. Non). After controlling for demographic variables a significant
effect of having been instructed by an EaMML teacher was observed with EaMML students scoring, on
average, 22.91 points higher than non-EaMML students. The time by EaMML interaction was also still
significant with scores increasing, on average, 6.13 points more per administration for EaMML
students than for comparison students. District and the grade level indicators were also still significant
in this model.

Among the 2,515 students who did not pass their baseline Smarter Balanced Assessment, students
taught by an EaMML teacher (n = 832) had greater odds (0.44) of passing a follow up Smarter
Balanced Assessment than comparison students (n = 1,683; 0.27). The odds ratio (2.20) indicates that
students not passing their baseline Smarter Balanced Assessment and were taught by EaMML teachers
in subsequent years were over 2 times more likely to pass a future Smarter Balanced Assessment than
their peers who were not taught by EaMML teachers in subsequent years.

Study Limitations

There are limitations in this study that could be addressed by future research. Limitations of the
teacher-level data include: the teachers were volunteers, there is not a comparison group for teacher-
level data, the overall sample size is small, and data were collected pre/post rather than continuously
over the course of the project. The survey was self-report data and participants may have reported
socially desirable answers. In terms of assessing student achievement, the study was limited to the

Table 7. EaMML effect model.

Estimate Standard Error

Fixed Effects t df p
Intercept 2341.64 8.28 282.69 4120.70 *rx
EaMML 23.60 3.15 7.49 3848.80 *ax
District 11.24 2.95 3.81 3708.86 *rx
Grade 3 55.40 8.46 6.55 4024.10 *hx
Grade 4 85.79 8.55 10.04 4019.69 *rx
Grade 5 123.17 8.68 14.16 4011.93 *ax
Grade 6 146.38 8.87 16.49 3999.72 *rx
Grade 7 203.44 9.19 22.14 4006.77 *hx
Time 31.41 0.67 47.02 3768.80 *ax
Time * EaMML 7.73 1.05 7.34 3551.22 *x

**%p < 001,
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grades in which statewide assessments were administered so the student achievement data was not
representative of all the teachers in the project.

Discussion

There are several unique features of the EaMML project that add to the research base. One unique
feature of the EaMML project is the K-12 representation of math specialists engaging in both across-
the-grades and within-grade-band professional learning. The EaMML project advances the field by
providing an example of a professional development design that strengthens MTL content knowledge,
pedagogical knowledge, and leadership knowledge and skills while engaging leaders throughout an
entire district and across all grade levels. Yet questions remain about effectiveness of the model at scale
that is, in varied contexts, with different facilitators (Borko, 2004; Marrongelle et al., 2013), and with
earlier expectations for teacher leadership (c.f. Implementing the Problem-Solving Cycle (iPSC),
Koellner & Jacobs, 2015). It would be worthwhile to examine components of the EaMML professional
development model through the lens of the professional development continuum described by
Koellner and Jacobs (2015). When considering this continuum from “highly specified” to “highly
adaptive,” the overall model might fall somewhere in the middle because there is a mix across the PD
components in terms of level of specification. As an example, the MS courses are more highly specified
than the lesson studies which may have common broad professional learning goals but varied greatly
by grade band, task selected, classroom learning environment, and student discourse levels. An aspect
of the mix of professional learning experiences may contribute to EaMML'’s success. Future research
could study various professional development models to determine if this model, or others, are more
effective in terms of developing and sustaining leadership structures over time.

The second unique feature of this project is studying the preparation and positioning of classroom
teachers as mathematics leaders, as most of the research focuses on mathematics specialists as coaches.
In this study, classroom teachers engaged in informal (i.e., sharing resources with colleagues) and
formal (i.e., leading professional development sessions) leadership efforts within their school, district,
and outside of their district. As noted earlier, coaches are an added expense for schools and often
remove the highly skilled teachers from their work with students, so the findings from this research are
critical to show that these leadership roles can be effectively filled by classroom teachers and under
what conditions. The responses from MLC MLTs two years after completion of the project offer
preliminary evidence for how schools or districts might successfully support and sustain such
engagement. Future research could study classroom teachers as leaders and address some of the
limitations of this study by including a comparison group for teacher-level data, collecting data more
frequently than pre and post, and collecting instructional practice data from teacher leaders’
colleagues.

Few studies examine the impacts of math teacher leaders on student achievement. Prior research
typically focused on school level data or included student level data with several limitations and
primarily examined the role of leaders in a coaching role, not as a classroom teacher. This research
examined classroom teachers as leaders, utilized student-level state assessment data in a rigorous
quasi-experimental design, included data across elementary and middle school (grades 3-7), and
incorporated an equity perspective in the analysis. Additionally, as called for by Sloane and Wilkins
(2017), this research employed a quantitative methodology and hierarchical linear modeling
(HLM) to assess student achievement gains over time. Students with an EaMML teacher scored
significantly higher on the state assessments than students of comparison teachers and the EaMML
effect was consistent across students grouped by gender, race, ethnicity, and SES. By using HLM,
this research was able to make a unique contribution to the field by connecting leadership to
student achievement. Future research should utilize these types of rigorous methods to analyze
impacts on student achievement and should ensure models are included that address potential
differences in achievement among subgroups (e.g., gender, race, ethnicity, and SES). Use of these
models are necessary to determine if an intervention was able to minimize or close achievement
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gaps. Due to the limitations of state-standardized assessments, future research could use common
school or district assessments that may be more closely aligned with the project’s student learning
goals.

What is less clear is the relationship between student achievement and research-proven practices.
Project leaders defined strong mathematical practices as scores of 3 and 4 on the IQA as descriptions at
these levels are consistent with the research-proven effective mathematics teaching practices (NCTM, 2014)
and equity-based practices (Aguirre et al., 2013) as they go deep with mathematics (Academic Rigor
rubrics), assigning competence as well as affirming and positioning students as doers, knowers, and sense
makers (Accountable Talk rubrics). The artifact and observation data reveal that even though average
scores were not well within the range of strong mathematical practices at the time of the post assessment,
there was a significant positive impact on student achievement. This finding raises questions regarding the
level, frequency, and duration of strong mathematical practice needed to impact students” opportunities to
learn. It also raises questions about the content, structure, frequency, and duration of the professional
learning that would be needed for more post scores to be in the strong mathematical practices range.
Furthermore, might this be related to a disconnect between expectations of students on the Smarter
Balanced Assessment and strong mathematical practices with the latter pressing further with regard to
rigor?

Finally, this research was unique because it collected artifact and observation data while most of the
previous research has focused on observations. Consistent with many studies of classroom practice, the
data reveal stronger instructional practice with task potential than with task implementation
(M. D. Boston & Smith, 2009; Henningsen & Stein, 1997; Stein & Lane, 1996) for both measures,
however stronger performance was evident in the observation. This difference observed between the
artifact and observation was not expected, in that observations represented one point in time of a lesson,
artifacts could be collected from many lessons potentially leading to stronger performance because the
teacher had more control over what they submitted. Project leaders speculated the weaker performance
on the post artifact, when compared to the observation, could be related to some participants not taking
the final data point as seriously as the other data points. The difference could also be attributed to the
fact that the observations were from only a subset of teachers, so even though the observations were of
randomly selected teachers, this group may not have been representative of the whole. This raises
a question about the extent to which the artifact scores can be a predictor of the observation scores for
the Potential of the Task and the Implementation of the Task. Project leaders also wondered if there are
additional areas explicitly connected to the Accountability to Knowledge and Rigorous Thinking
Rubrics (ie., Asking (Teacher’s Press), Providing (Students’ Responses)) that could be scored for
artifacts (e.g., if student samples included teacher feedback and students’ responses), or if the observa-
tions are simply a more complete picture of teachers’ classroom practice. Conducting observations and
engaging in consensus conversations after scoring was more time-consuming for researchers than
engaging in similar conversations about classroom artifacts, yet in a large project with fewer resources,
collecting more robust classroom artifacts may be a good option.

Conclusion

The EaMML project, in an effort to build district-wide mathematics leadership, engaged both formal
(i.e., coaches and administrators) and informal leaders (i.e., elementary teachers teaching all subjects
as well as middle- and high-school mathematics teachers) in common professional learning. The
EaMML professional learning increased MTLs” mathematical content knowledge, pedagogical knowl-
edge, leadership knowledge, and use of research-based practices. This research showed that students
with an EaMML teacher scored significantly higher on the state assessments than students of
comparison teachers and the EaMML effect was consistent across students by gender, race, ethnicity,
and SES.
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Appendix A. EaMML Effect Equity Model

Estimate Standard Error
Fixed Effects t df p

Intercept 2360.24 8.51 277.22 4292.46 bl
EaMML 2291 539 4.25 4687.05 Fxx
District 13.54 2.87 4.72 3742.02 *

Grade 3 52.17 8.19 6.37 3989.76 i
Grade 4 83.12 8.28 10.04 3986.01 i
Grade 5 120.30 8.40 14.32 3978.38 *xx
Grade 6 142.40 8.60 16.56 3968.37 i
Grade 7 199.17 8.90 22.38 3979.33 i
Female 0.35 3.59 0.10 3990.91 n.s
Underrepresented -28.13 5.00 —-5.63 4300.72 *x
Hispanic -3.03 5.59 -0.54 4200.38 n.s.
FRL Eligible -5.39 232 -2.32 4823.60 **
Time 37.71 1.53 24.69 4068.52 i
Time * Female 139 133 1.04 3735.42 n.s.
Time * Underrepresented —5.46 1.93 -2.83 3911.30 Frx
Time * Hispanic 234 213 1.10 3891.16 n.s.
Time * FRL —-6.75 1.63 —-4.14 4429.83 il
Time * EaMML 6.13 2.32 2.64 3843.62 *rx
EaMML * Female 2.32 5.86 0.40 3893.24 n.s.
EaMML * Underrepresented 7.40 8.46 0.87 4147.54 n.s.
EaMML * Hispanic —-14.66 9.61 -1.52 4028.38 ns.
EaMML * FRL —-2.99 3.89 —0.77 4942.26 n.s
Time * EaMML * Female 1.71 211 0.81 3539.30 n.s
Time * EaMML * Underrepresented 3.61 3.17 1.14 3701.32 n.s
Time * EaMML * Hispanic -5.62 3.54 -1.59 3654.89 n.s
Time * EaMML * FRL 0.1 2.50 0.04 4149.50 n.s

n.s. non-significant, * p < .05, ** p < .01, ***p < .001.
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