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ABSTRACT

In order for professional development in the STEM fields to be effective, teachers need worthwhile ex-
periences to simultaneously develop their knowledge of content, pedagogy, and understanding of how 
students’ learn the content. In this chapter we provide an overarching framework of learner-centered 
professional development and describe the implementation of two mathematics professional development 
projects designed to support elementary school teachers’ mathematics teaching. We follow our descrip-
tion by highlighting some of the findings from our line of professional development research and provide 
implications for the design of learner-centered professional development programs in mathematics.

OVERVIEW

The Need for Mathematics Professional Development

Professional development continues to be held up on a pedestal as a potentially powerful vehicle for 
supporting practicing teachers’ adoption of new pedagogies and knowledge (Borko, 2004; Darling-
Hammond, Wei, Andree, Richardson, & Orphanos, 2009; Desimone, 2009; Polly & Hannafin, 2011). 
In the field of mathematics education, administrators and district leaders must provide effective profes-
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sional development so that teachers have a robust understanding of mathematics content and are also 
prepared to enact the most effective strategies in their classrooms (Loucks-Horsley, Love, Stiles, Mundry, 
& Hewson, 2010; United States Department of Education, 2008).

In the United States, this has been especially true in the last few years with the large-scale adoption 
of the both standards-based (reform-based) mathematics curriculum as well as the Common Core State 
Standards in Mathematics ([CCSSM]; Common Core State Standards Initiative, 2010). More school dis-
tricts than ever before have adopted standards-based mathematics curriculum; these sets of instructional 
resources are described by having alignment with the National Council for Teachers of Mathematics 
([NCTM], 2014) Principles to Action, in that students learn mathematics by exploring cognitively-
demanding mathematical tasks and mathematics games, engaging in discussions about mathematical 
tasks and concepts, and reasoning and justifying their paths to solving tasks and problems.

Learner-Centered Professional Development

Large-scale syntheses of research studies on professional development have yielded components of 
highly effective learning experiences for teachers (Garet et al., 2001; Darling-Hammond, et al., 2010). 
The construct learner-centered professional development (LCPD) (Polly, 2006; Polly & Hannafin, 
2011; Hawley & Valli, 2000) has been used to describe professional development programs that focus 
on meeting the specific professional needs of teachers and align with the American Psychological As-
sociation’s Learner-centered Principles (hereafter Principles) (APA Work Group, 1997). The Principles 
were grounded on empirical findings related to teaching and learning and reflect both cognitivist and 
constructivist views of how people learn (Alexander & Murphy, 1998). Hawley and Valli (2000) identi-
fied nine primary design recommendations associated with LCPD:

1.  LCPD should focus on content that students need to learn and problems that students face learning 
that content;

2.  LCPD should be driven by addressing the difference between goals and standards for student learn-
ing and actual performance;

3.  LCPD should involve allowing teachers to identify their own learning needs, and when possible, 
involve them in the design of professional learning activities;

4.  LCPD should be primarily school based and integral to school operations;
5.  LCPD should relate to individual learning needs but should include collaborative problem solving;
6.  LCPD should be continuous and ongoing involving follow-up and support for further learning;
7.  LCPD should include an evaluation that includes multiple sources of information including class-

room implementation;
8.  LCPD should allow teachers to develop a deep theoretical understanding of the content and pedagogy;
9.  LCPD should be part of a comprehend change process that addresses impediments to and facilita-

tors of student learning.

Many of these nine design recommendations have been verified by an extensive synthesis of the 
Principles, Hawley and Valli’s (2000) recommendations and research on professional development 
(Polly & Hannafin, 2010). To that end, LCPD provides a robust framework for the design of professional 
development programs.
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Mathematics LCPD Programs

Mathematics professional development research studies have examined the influence of programs that 
align with LCPD. In one line of work, researchers examined how the InterMath professional development 
program influenced teachers’ knowledge of mathematics content, pedagogical content knowledge, and 
their use of technology (Polly, 2006; Polly & Orrill, 2012). In one study, teacher-participants reported 
focusing on varying aspects of the professional development including learning about technology, math-
ematics content, or the intersection of how to use technology to better teach mathematics (Polly, 2006). 
The learner-centered framework allowed teachers to hone in and focus their learning on their greatest 
perceived need.

In a subsequent study (Polly & Orrill, 2012), the participants reported gains in both knowledge of 
technology and knowledge of mathematics, but did not report gains in more frequent uses of integrating 
technology into their mathematics study. One possible conclusion is that the LCPD framework allows 
teachers to focus their learning, but in some cases boundaries are needed to ensure that the goals of the 
professional development are met.

An example of LCDP that had boundaries or more structure would be the nation-wide Australia 
Numeracy Project (Higgins & Parsons, 2009). This nationwide professional development program 
included numerous aspects of LCPD activities, but limited teachers’ choice and ownership of activities 
until it was time to implement the emphasized pedagogies in their classroom. The professional learning 
activities were pre-determined, and included active, ongoing learning, collaborative tasks, a balance 
of knowledge about pedagogy and content, as well as a focus on addressing problem areas regarding 
students’ learning (Higgins & Parsons, 2009).

Based on the theoretical underpinnings of LCPD and the research regarding professional develop-
ment that embodies the LCPD principles, there is definite potential for these types of teacher learning 
experiences. However, there is a need to closely examine the specific activities in an LCPD program 
and look at how these activities specifically influence teachers’ practice and student learning outcomes. 
In the next section we describe two multi-year LCPD programs designed to support elementary school 
teachers’ mathematics teaching and their students’ learning.

EXAMPLES OF LEARNER-CENTERED PROFESSIONAL 
DEVELOPMENT IN ELEMENTARY SCHOOL MATHEMATICS

Content Development to Teach Investigations (CoDe-I)

Content Development to Teach Investigations (CoDe-I) was a project funded by the (state) Mathematics 
and Science Partnership (MSP) grant program for teachers from Grades Kindergarten through Grade 
5. The goal of the project was to support teachers’ adoption of standards-based mathematics practices 
through the use of the mathematics curriculum Investigations in Number, Data, and Space (TERC, 
2008). During the project the (state) Department of Education adopted the Common Core Mathematics 
Standards, so the Common Core was also a focal point of the professional development.

The Investigations curriculum is a standards-based curriculum that includes components designed to 
support the development of students’ mathematical thinking. The lessons include cognitively-demanding 
mathematical tasks (NCTM, 2014) that include all students to use concrete mathematical manipulatives, 
pictorial representations, and transitional mathematical procedures to support students’ computation 
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and mathematical understanding. The curriculum also includes mathematics games to build students 
mathematical fluency (Russell fluency article).

The project included teachers from two school districts in <state> from the United States. Each district 
had similar professional development experiences but they were implemented separately. District 1 was 
a large urban school system that had 98 elementary school teachers during the project. Approximately 
180 District 1 teachers participated for each of the three years of the project. District 2 was a small, 
suburban school system that had 5 elementary schools. Approximately 30 District 2 teachers participated 
for each of the three years of the project.

Goals

The goals of the CoDe-I project were to:

1.  Develop teachers’ knowledge of mathematics content related to the mathematics in the Kindergarten 
through Grade 5 mathematics standards.

2.  Develop teachers’ knowledge of connections between mathematics topics related to the mathemat-
ics in the Kindergarten through Grade 5 mathematics standards.

3.  Support teachers’ shifts to more favorably teaching in a standards-based manner.
4.  Develop teachers’ skills related to selecting, modifying, and creating cognitively-demanding math-

ematical tasks.
5.  Develop teachers’ skills related to analyzing how the Investigations curriculum can support students’ 

mathematics understanding.
6.  Increase teachers’ enactment of standards-based mathematics pedagogies.
7.  Positively influence student achievement in mathematics.

Description of Activities

The Mathematics Science Partnership projects require teacher-participants to engage in an intensive 
summer institute and follow up activities during the year. As a result there was an 8 day summer institute 
and various experiences during the school year. The summer institute focused on three main concepts: 
1) solving and exploring cognitively-demanding mathematical tasks in order to explore the mathematics 
concepts heavily emphasized in elementary school classrooms; 2) analyzing the activities and lessons 
in the Investigations curriculum and considering alignment to standards; and 3) examining how to dif-
ferentiate Investigations and other activities for both struggling and high-achieving students.

The exploration of tasks occurred in multi-grade breakout sessions which allowed teachers from 
various backgrounds to collaborate to explore and discuss the mathematics embedded in each task. The 
other activities were carried out in grade-level specific sessions, which enabled teachers to work with 
others at their grade level to intensively focus on the analysis of grade-level specific resources, standards, 
and how to meet the needs of learners.

During the school year, both districts supported teacher-participants through half-day workshops and 
classroom-embedded projects. The half-day workshops mirrored the work of the summer institute with 
more of a focus on mathematics concepts that teachers were about to teach in their classrooms. These 
projects included conducting a video analysis of a mathematics discussion in their classroom, conducting 
a thorough data analysis of student work on a cognitively-demanding mathematical task, and facilitating 
a professional development session for their colleagues.
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Summary of Findings

During each year of the three-year project numerous data sources were collected. They included a 
Teacher Beliefs Questionnaire (TBQ; Swan, 2006), Teacher Practice Questionnaire (TPQ; Swan, 2006), 
and pre- and post-test data for three units for each grade level. In some instances the evaluation team 
also collected classroom observation data in order to examine teachers’ instruction as a function of the 
CoDe-I project.

In the first year of the CoDe-I project teachers reported a shift from teacher-centered to student-
centered practices, while others who were student-centered before the project reported enacting similar 
pedagogies (Wang. Polly, LeHew, Lambert, & Pugalee, 2013). Teachers also demonstrated significant 
growth in their mathematics content knowledge. Further, some teachers reported a shift towards more 
traditional beliefs about teaching mathematics, which was contradictory to the goals of the professional 
development. The study also indicated a statistically significant relationship between teachers’ shift 
from teacher-centered to student-centered practices and increases on curriculum-based assessments. In 
another study about teachers who participated in the first year of the CoDe-I project, teachers were ob-
served and interviewed and found to be implementing Investigations with a high level of fidelity, which 
included increases in their enactment of cognitively-demanding mathematical tasks and higher-level 
questions about mathematical reasoning (McGee, Wang, & Polly, 2013). Further, many teachers reported 
embracing this student-centered way of teaching; however, teachers also expressed apprehension using 
the curriculum and student-centered pedagogies in upper elementary school grades due to the pressure 
on statewide high-stakes tests (McGee, et al., 2013).

Research from the second and third years of the project continued to find statistically significant find-
ings between teachers’ content knowledge and their students’ achievement (Polly, Wang, McGee, Lambert, 
Martin, & Pugalee, 2014; Polly, McGee, Wang, Martin, Lambert, & Pugalee, in press). Teachers also 
reported shifts from teacher-centered to student-centered practices each year (Polly et al., 2014; Polly et 
al., in press). The only inconsistency was once again teachers’ beliefs, as some teachers reported shifts 
from traditional to more student-centered beliefs, but others reported shifting from student-centered to 
traditional beliefs (Polly et al., 2014).

Assessment Practices to Support Mathematics Learning 
and Understanding for Students (APLUS)

Assessment Practices to Support Mathematics Learning and Understanding for Students (APLUS) is a 
project funded by the (state) Mathematics and Science Partnership (MSP) grant program that involves as-
sisting kindergarten through second grade teachers in learning to effectively use the Assessing Mathematics 
Concepts (AMC Anywhere) tool for formative assessment which is then analyzed for instructional purposes. 
This project includes six school districts throughout a large state in the southeastern United States.

AMC Anywhere is a web-based formative assessment system designed based on children’s number 
sense (Richardson, 2012). There are nine assessments in AMC Anywhere: Counting Objects, Changing 
Numbers, More/Less Trains, Number Arrangements, Combination Trains, Hiding Assessments, Ten 
Frames, Grouping Tens, and Two-Digit Addition and Subtraction. These assessments include different 
parts and varying number of activities. The assessments are administered one-on-one with the teachers 
using an iPad or computer. AMC Anywhere assessments produce reports for individual students with the 
letters A, P+, P, P-, I, and N. The letters stand for apply, practice, instruction, and needs prior skill. The 
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assessment includes + or – with these letters that indicate the degree to which the student is perform-
ing in this area. AMC Anywhere can provide data on students’ learning and recommended instructional 
activities from Developing Number Concepts, a set of mathematics activities focused on number sense. 
Teachers can take the report and match it up with ways to support their students. The professional de-
velopment provided with this grant intended to instruct teachers how to use the assessment and provide 
support to develop number sense.

Goals

The grant lists the overarching goals that guided the implementation of APLUS and served as a tool 
for evaluation:

1.  Strengthen teachers’ understanding of number concept development.
2.  Build teachers knowledge base for key mathematical ideas underlying number concepts and how 

children think with numbers and use numbers to solve problems.
3.  Develop teachers’ abilities to differentiate instruction to support learning for all students.
4.  Increase teachers’ use of formative assessment data to plan instruction.
5.  Extend teachers’ own mathematical understanding as they develop new ideas about how students 

learn mathematics.

The professional development (PD) provided to teachers in the summer for five days (8 hours per day). 
After the summer PD, follow-up PD (40 hours) was in the form of three on-line modules. The PD focused on 
instructing teachers on how to use the assessments, how to analyze the data, and how to effectively pair the 
data with instruction. Facilitators, during the summer sessions, provided background on the development of 
AMC Anywhere, the importance of developing number sense that leads to greater conceptual understanding, 
and how this one-on-one formative assessment can provide data on individual learners. The PD included video 
illustrations of students and teachers working with AMC Anywhere and toward the end of the week actual 
students were brought in for teachers to work with directly. Each experience with students on video and in 
person was paired with an opportunity to work with the Kathy Richardson support texts. Teachers worked in 
groups to identify next steps from the data they acquired. The support for this work continued through three 
online modules that included similar activities and asked for teachers to post plans, questions, and challenges.

The goals of this grant were to introduce a web-based formative assessment tool and give teachers 
the PD needed to become active and effective users. Teachers becoming active and effective users would 
have a greater understanding of number sense, value formative assessment for instruction, and plan with 
the individual student in mind, and through this increase student achievement.

Description of Activities

The summer session began with teachers getting introduced to AMC Anywhere, this included infor-
mation on the development and developer of the program, the theoretical foundation of the assessments, 
and meeting the developer, Kathy Richardson. Richardson spent many years teaching kindergarten and 
was able to share how she created and used the AMC Anywhere assessments in her instruction. She dis-
cussed personal experiences in her classroom and instances of assisting other teachers. The facilitators 
showed the teachers the website and navigated through the assessments, the reports, and used test mode 
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to illustrate the actual questions found in the assessment. As previously mentioned, teachers evaluated 
videos of students engaged in an assessment, worked with real students, and used actual data with the 
instructional supports.

The summer session ended and PD continued through online modules. The first module required 
teacher participants to discuss their classroom environment, describe their mathematics routine, and 
explain how they use data as an instructional tool. Module two included video assessments of students 
for teachers to evaluate, a place to propose an instructional plan, and an opportunity to post the imple-
mentation follow-up. The last module focused on introducing number talks, developing strategies for 
number talks, and designing purposeful talks.

Summary of Findings

APLUS is a three year MSP grant that includes an evaluation team that provides a full report yearly. 
The summer sessions included a pre and post survey that examined teacher versus student centered in-
struction and included a gauge of the teachers’ data collection goals. In addition there were open ended 
responses. The teachers’ responses in the online modules were also collected and evaluated. The assess-
ment data for each student, which identifies who their teacher was that year, how many times they were 
assessed, the assessments they took, and the level they reached for the assessment.

There were several findings from the quantitative and qualitative data analysis. The summer pre/
post survey showed a statistically significant change from teacher-centered to student-centered practices 
(Martin & Polly, 2015; Polly et al., 2014). In addition, there was a statistically significant increase in 
teachers’ reported scores for being able to collect and analyze data (Wang, Polly, Lambert, Pugalee, 
Evans, & 2014). Further, teachers in year one of the project who used the AMC Anywhere system at 
least three times saw more significant gains in student learning than teachers who only used the system 
once or twice (Polly et al., 2014).

The examples below are the open ended responses included on the post survey from teachers. These 
highlight participants’ reactions to the professional development project:

This was such an excellent training workshop that opened my mind up to a more hands on center based 
classroom. I want my students to leave my room feeling confident about numbers and number sense.

Another teacher-participant commented about her learning about the importance of data-based plan-
ning. This “totally changed my thinking. I plan to collect my data first and then plan lessons/activities 
based on the need of my children”

The responses show support for the quantitative findings from the survey and illustrate the teach-
ers’ enthusiasm for using the AMC Anywhere that school year. The module findings indicated a divide 
between high fidelity teachers and low fidelity teachers. Those that were in the high fidelity used AMC 
Anywhere, participated in the PD, offered thoughtful responses, and had the AMC student data that sup-
ported their implementation. The low fidelity teachers may have been enthusiastic when the summer 
session ended; however, their participation waned. It appeared they may have needed more support to 
continue effective use of the assessments. The actual student data indicated that the teachers that used 
the assessments often with their students saw the most student growth. The evaluation of the grant is 
continuing to evolve to better understand how teachers can be supported and the effect of using AMC 
Anywhere formative assessments on student achievement.



144

Supporting the Enactment of Standards-based Mathematics Pedagogies
 

IMPLICATIONS AND FUTURE DIRECTIONS

Meeting the Needs of Teachers and Participating school Districts

Learner-centered professional development (LCPD) must be designed to meet the individual and collec-
tive needs of teacher-participants and the school districts that they work for (Polly & Hannafin, 2010; 
Hawley & Valli, 2000). In the two projects described in this chapter there were specific needs related 
to mathematics instruction and student achievement. Through collaborative partnerships between the 
university faculty and school district leaders, both projects were designed to address student learning 
deficiencies and also address teachers’ and school districts’ needs related to mathematics instruction.

Future professional development projects must include an ongoing collaborative partnership between 
the professional development facilitators and district or school-based leaders (Polly, 2012). Professional 
development activities are such a large investment of both time and resources that it is critical that proper 
planning has been done to ensure that the learning activities meet the needs of teachers (Polly & Han-
nafin, 2011). As seen in these two projects the benefit of having professional development co-designed 
by university faculty and district-leaders was that the learning activities were relevant to teachers’ needs 
and aligned to major comprehensive mathematics support efforts in each district.

Teacher Ownership

Teacher ownership is a key principle of learner-centered professional development (Polly, 2011; Haw-
ley & Valli, 2000). In these two projects, the professional development activities were divergent in that 
specific activities were included in the summer institute workshops, but teachers were given ownership 
of how they chose to implement and apply the knowledge and skills that they learned in the professional 
development. In the CoDe-I project, teachers reported shifts from enacting teacher-centered to more 
instances of learner-centered mathematics pedagogies (Polly et al., 2013; in press). In the APLUS project 
teachers’ online discussion board posts indicated that teachers were applying the content of the profes-
sional development differently as they created instructional plans based on their formative instructional 
data (Polly, Martin, Wang, Lambert, & Pugalee, under review).

Designing Professional Development Activities During the School Year

Participants took part in the program for a year, which included an intensive summer institute as well 
as school-based learning activities during the school year. The goal of school-based or job-embedded 
professional development is to develop teachers’ knowledge and skills through activities that are closely 
related or embedded to the daily work of teachers (Hawley & Valli, 2000).

In the CoDe-I project teachers completed job-embedded activities such as assessing and reflecting 
on student performance through the analysis of curriculum-based assessments, video recorded class-
room discussions and spent time reflecting and watching their videos and their colleagues’ videos, and 
facilitating professional development and planning meetings with their colleagues. CoDE-I participants 
reported that these job-embedded activities provided learning opportunities without adding too much 
undue burden to the already challenging workload of teachers.
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In the APLUS project teachers completed a series of online modules, which included a refresher of 
how to use the AMC Anywhere system, support in setting up data-based instructional activities, as well 
as learning more content. The job-embedded professional development activities in the APLUS project 
were focused on the use of the AMC Anywhere system, which meant that it was closely connected to 
the work of teachers who frequently used the tool, but not connected to those teachers who were not 
consistent in their use of the system.

Future professional development projects need to closely examine the goals of their program and look 
for ways to capitalize on opportunities to situate teacher learning in classroom-based or job-embedded 
activities (Polly & Mims, 2009; Polly et al., 2014). While summer or outside of classroom workshops 
provide an opportunity to intensively engage with content and new pedagogies, the most relevant and 
related professional learning activities are those embedded in teachers’ classroom and daily work.

Evaluation of Professional Development

The evaluation of the impact of professional development on both teachers and their students is quite 
problematic to assess (Yoon et al., 2007). Part of the potential issue is linking professional development 
activities to teacher learning and then linking evidence of teacher learning to student learning outcomes.

The evaluation of APLUS includes several challenges that continue to be considered and rethought. 
The teachers can use any of the nine assessments at any time and usually make their assessment deci-
sions based on evidence they see in their classrooms. This means a student may be assessed with the 
counting numbers assessment and a few weeks later, based on work in the classroom, the teachers may 
decide to assess the student using the hiding assessment. If the student is not assessed more than once 
with the same assessment it is difficult to accurately chart growth. Teachers may also make decisions to 
assess students at a level that is too high and end up having to make readjustments that also distort the 
data’s picture of student growth. Another challenge for evaluating growth is the ceiling effect. Teachers 
may have students performing beyond an assessment, this may be a reason for either moving on to a new 
assessment or a reason the teacher decides to use other resources. Accounting for these decisions and 
understanding the full picture of student progress is difficult; however, this formative assessment was 
meant to be adaptable and used at the teachers’ discretion and not necessarily be used in a linear fashion.

Another challenge for evaluation of PD is identifying the various causes for lack of participation in 
the online modules and to understand the responses that were somewhat disconnected from the goals of 
the PD. The survey at the end of summer session indicated the teachers were excited and felt empowered 
to use formative assessment to inform their instruction and increase student mathematical performance. 
The online modules, which lasted throughout the academic year, had a large drop in participation. Re-
searchers are considering the support systems that are in place or lack thereof as a possible cause of the 
decreased participation. The online module that focused on implementation of instructional plans based 
on AMC Anywhere data was also analyzed. The prompt specifically asked teachers to reference their 
AMC Anywhere data and offer a rationale for instructional activities based on their data; however only 
67.4% included their data and 43.5% provided a rationale in their response (Polly et al.,, under review). 
The PD also intended for teachers to be able to use the Developing Number Concepts (DNC) resources 
provided to support instruction based on AMC data. The instructional plans posted in the module that 
referenced instructional activities from Developing Number Concepts (DNC) resources were 55.1% and 
these types of responses closely matched the expectations from the professional development (Polly et al., 
under review). These areas are being analyzed to provide greater support and to enhance the future PD.
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In the CoDe-I project, evaluators used curriculum-based assessments from the Investigations curriculum 
to examine student progress. Students completed identical assessments before and after three different 
units during the year in order to look at growth. Data analysis indicated that there were empirical links 
between teachers’ instructional practices and content knowledge to gains in student achievement (Polly et 
al., 2013, 2014). However, the empirical links were inconsistent in various grade levels and across units.

One of the issues with the Investigations curriculum-based assessments was that the assessments 
included few items and some were multi-part. The evaluation team developed rubrics for each item 
and scored them on a percentage basis in order to provide consistency across grades and units. Future 
professional development projects should examine empirical links between teacher learning and student 
learning by examining student assessment data. The use of curriculum-based assessments provided 
measures that were aligned to the goals of the professional development as well the content that teachers 
were focusing on in their instruction.

CONCLUSION

Learner-centered professional development has potential to transform how teachers learn as well as how 
teacher learning impacts both teachers’ instruction and student achievement. In this chapter both the 
CoDe-I and APLUS projects were designed using LCPD principles to support elementary school teachers’ 
mathematics instruction. The findings from the evaluation and research of these LCPD efforts included 
gains in student learning outcomes, teachers’ adoption of student-centered practices, and shifts towards 
more student-centered instruction. Further, in the APLUS project, teachers documented their successful 
use of formative data to design developmentally-appropriate instruction for their students. Implications 
for the design of future LCPD programs includes continuing mutual partnerships between professional 
development facilitators with district and school-based leaders, the careful design of classroom-based 
or job-embedded learning activities, and the methods used to evaluate LCPD programs.
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