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FOREWORD 

The Association of Math ematics Teacher Educators (AMTE), uniquely positioned as the lead organization for 

mathematics teacher education in the United States, puts forth these standards as a national guide for the 

preparation of prekindergarten through Grade 12 (Pre -Kɀ12) teacher s of mathematics.  The mission of AMTE is  

to promote the improvement of mathematics teacher education Pre -Kɀ12 with stated goals focused on 

effective mathematics teacher education programs and effective policies and practices related to mathematics 

teacher  education at all levels. Over the 25 -year history of AMTE, the organization has produced three 

standards documents: Principles to Guide the Design and Implementation of Doctoral Programs in Mathematics 

Education (2002), designed for institutions of higher  education to guide review, revision, or creation of doctoral 

programs in mathematics education; Standards for Elementary Mathematics Specialists (first published 2009, 

updated 2013), designed to define and advocate for effective preparation of mathematics specialists; and, now, 

the Standards for the Preparation of Teachers of Mathematics (2017), created to address issues and challenges 

facing teach er preparation and articulate a national and comprehensive vision for the initial preparation of 

teachers of mathematics in Pre -Kɀ12. 

The AMTE Board of DirectorsɅ decision to initiate the development of standards was ignited by Dr. Nadine Bezuk 

of San Diego State University during her delivery of the Judith Jacobs Lecture (JJL) at the 2015 AMTE annual 

conference. The JJL was established in 2003 to honor Dr. Judith E. Jacobs, one of the founding members of 

AMTE.  Since that time a renowned mathematics educat or has been selected each year to deliver the JJL at the 

annual conference. The focus of Dr. BezukɅs lecture was the need for AMTE to provide leadership to the field by 

developing standards for preparing teachers to teach mathematics. She argued, ɈWhile there exist a number of 

documents that address various aspects of the initial preparation of mathematics teachers, there is no single, 

definitive document addressing the initial preparation of mathematics teachers more globally.ɉ Further, she 

noted an absenc e, within the mathematics teacher education community, of a shared vision of what preparing 

teachers entails and a limited understanding of the degree to which any such vision may be shared with other 

stakeholders involved in the initial preparation of mat hematics teachers. Unequivocally, the AMTE Board of 

Directors was challenged by the lecture to develop and disseminate national standards, and as a result, the 

AMTE Board of Directors made the decision to develop and disseminate Pre -Kɀ12 standards for math ematics 

teacher preparation.  

In March 2015, the AMTE Board of Directors established a leadership team to develop the standards. The team 

includes Doug las H. Clements of the University of Denver as lead developer for the early childhood grades; 

Nadine Bezuk  as chair and lead developer for upper elementary grades; Jennifer Bay -Williams of the University 

of Louisville as lead developer for the middle level; and W. Gary Martin of Auburn University for high school.  

The leadership team began by establishing crit eria for the expertise required to write the standards. The 

leadership team sought, as a collective body of knowledge across the members of the writing team, expertise 

that included experiences in the preparation of mathematics teachers at the early childh ood, upper 

elementary, middle school, or high school level; the teaching of mathematics methods courses; the teaching of 

mathematics coursework and development of mathematical knowledge for teaching; the supervision of clinical 

placements and field experie nces; the responsibility for recruiting and retaining students in mathematics 

teacher education programs; pedagogy to support emergent multilingual  learners; pedagogy to support special 

needs students; advocacy for equity in mathematics teaching and learni ng; and the administration of 

mathematics teacher education policy and change agency. With these criteria in mind, the leadership team 

identified and invited mathematics educators and mathematicians to serve as members of the writing team. 

The members of t he writing team are listed in the document. The AMTE Board of Directors extends sincere 

appreciation and gratitude to the members of the writing team. These individuals were dedicated and 

committed to the significance of this work and the potential of the influence of these standards for improving 

mathematics teaching.  

  

https://amte.net/sites/all/themes/amte/resources/EMS_Standards_AMTE2013.pdf
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Another noteworthy aspect of the process was the attention given and time invested in a coherent and 

comprehensive review of drafts. In the initial planning phase, the leadership team estab lished and 

implemented a review process to ensure that a broad range of stakeholders would have opportunities to 

provide critical feedback throughout the development stages. As such, a group of mathematics educators was 

identified and invited to serve on a  review team to facilitate or assist in development of the document while the 

writing group engaged in writin g and refining chapters. The AMTE Board of Directors especially thanks the 

review team for providing feedback on the drafts of the chapters on an o ngoing basis. The following were 

members of the review team:  

¶ Robert Q. Berry, III, University of Virginia; President -elect, National Council of Teachers of Mathematics  

¶ Francis (Skip) Fennell, McDaniel College; Past President, Association of Mathematics Te acher Educators; 
Past President, National Council of Teachers of Mathematics; Vice Chair, Council for the Accreditation 
of Educator Preparation Board of Directors  

¶ Matt Larson, Lincoln (Nebraska) Public Schools and President, National Council of Teachers of  
Mathematics  

¶ Dale Oliver, Humboldt State University (California)  

¶ Margaret (Peg) Smith, University of Pittsburgh  

Additionally, announcements and special requests for review of the draft standards went out to AMTE 

members, other key stakeholders, and profe ssional organizations representing mathematics education and the 

mathematical sciences. The AMTE Board of Directors sincerely appreciates all individuals who provided 

feedback on the draft document and professional organizations for assembling teams to pro vide feedback on 

their behalf. We received feedback from the following organizations:  

¶ American Mathematical Association of Two -Year Colleges (AMATYC) 

¶ American Mathematical Society (AMS)  

¶ American Statistical Association (ASA)  

¶ Association for Middle Level Ed ucation (AMLE) 

¶ Association for Women in Mathematics (AWM)  

¶ Association of Mathematics Teacher Educators of Alabama (AMTEA)  

¶ Association of State Supervisors of Mathematics (ASSM)  

¶ Benjamin Banneker Association (BBA)  

¶ Council of Chief State School Officers (CCSSO) 

¶ Education Development Center (EDC)  

¶ Hoosier Association of Mathematics Teacher Educators (HAMTE)  

¶ Mathematics Association of America (MAA)  

¶ National Association of Mathematicians (NAM)  

¶ National Council of Supervisors of Mathematics (NCSM)  

¶ National Cou ncil of Teachers of Mathematics (NCTM)  

¶ Society for Industrial and Applied Mathematics (SIAM)  

¶ TODOS: Mathematics for All  

The Standards for Preparing Teachers of Mathematics are aspirational, advocating for practices that support 

candidates in becoming effe ctive teachers of mathematics who guide student learning. These standards will 

guide the improvement of individual teacher preparation programs and promote national dialogue and action 

related to the preparati on of teachers of mathematics.  

Christine D. Thomas 

AMTE President (2015ɀ2017) 
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PREFACE 

The future mathematical success of our nationɅs children is largely dependent on the teachers of mathematics 

they encounter from prekindergarten to Grade 12 (P re-Kɀ12). According to Tatto and Senk (2011), Ɉϥf the quality 

of education for every child is to be improved, the education of teachers needs to be taken seriouslyɉ (p. 134). 

Those involved in preparing teacher s of  mathematics must ensure that all their candidates have the knowledge, 

skills, and dispositions to provide all students access to meaningful experiences with mathematics.  

The Association of Mathematics Teacher Educators (AMTE) is the largest U.S. professi onal organization devoted 

to the preparation of teachers of mathematics . AMTE includes more than 1,000 members supporting preservice 

teacher education and professional development of teachers of mathematics at all levels from P re-Kɀ12. AMTE 

members include  professors, researchers, teacher leaders, school -based and district mathematics supervisors 

and coordinators, policymakers, graduate students, and others. The Standards described in this document 

reflect AMTEɅs leadership in shaping the preparation of Pre-Kɀ12 teachers of mathematics, including clearly 

articulated expectations for what well-prepared beginning mathematics teachers need to  know and be able to do 

upon completion of a certification  or licensing  program and the characteristics such programs mus t have to 

support teachers' development.  

Although the field continue s to conduct research regarding effective practices for teacher preparation, we have 

a growing research base describing what teaching practices affect student learning and student experie nces in 

mathematics classrooms. As an example, research indicates that focusing only on teachers' behaviors has a 

smaller effect on teachersɅ development and subsequently on their studentsɅ learning than does focusing on 

teachersɅ knowledge of the subject, on the curriculum, or on how students learn the subject (Carpenter, 

Fennema, Peterson, & Carey, 1988; Kennedy, 1998; Kwong et al., 2007; Philipp et al., 2007).  

A number of recent documents address various aspects of the initial preparation of mathematics teachers. 1 

Table O.1 summarizes their focus.  Although all these documents inform mathematics teacher preparation, no 

single, comprehensive document addresses the initial preparation of mathematics teachers across P re-Kɀ12. 

AMTEɅs goal is for the standards in this document to provide a clear, comprehensive vision for initial 

preparation of teachers of mathematics. Building on the documents in Table 0.1, we, in this documentɅs 

standards, elaborate what beginning teachers of mathematics must know and be able t o do as well as the 

dispositions they must have to increase equity, access, and opportunities for the mathematical success of each 

student. Given the challenges that teachers of mathematics face in preparing their students for future success, 

mathematics t eacher educators must be guided by a well -articulated vision to prepare teachers of mathematics 

to meet those challenges. In this do cument, we take up that charge.  

TABLE 0.1. STANDARDS AND REPORTS RELATED TO PREPARING TEACHERS OF MATHEMATICS 

Standards and Report s Specific to M athematics Teachers  

The Mathematical Education of Teachers II  (MET II)  

The MET II (Conference Board of Mathematical Sciences [CBMS], 2012) addressed the mathematical content 

knowledge well -prepared beginning teachers of  mathematics  should know at the elementary, middle and 

high school levels.  

                                                            

1 For the purposes of this document, mathematics teacher preparation includes preparation to teach statistics, 

following common practice. However, we recognize that statistics and statistics education, although related to 

mathematics and mathem atics education, are distinct. This document will use the term mathematics  to 

encompass mathematics and statistics; when the distinction between mathematics and statistics is important 

to emphasize, statistics will be identified separately.  
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National Council of Teachers of MathematicsɅ Council for the Association of Educator Preparation (CAEP) Standards  

The National Council of Teachers of Mathematics (NCTM) CAEP Standards (NCTM & CAEP, 2012a, 2012b) 

described what effective preservice teachers of secondary mathematics should know and be able to do, 

informing program reviews for middle and high school mathematics programs.  

Statistical Education of Teachers (SET)  

SET (Franklin et al., 2015) describes the statistical content knowledge well -prepared beginning teachers of 

mathematics should know at the elementary, middle and high school levels.  

Teacher Education and Development Study in Mathematics (TEDS -M) 

In the TEDS-M, researchers examined and discussed findings and challenges related to the mathematics 

education of future primary, middle, and high school teachers (Tatto & Senk, 2011).   

 

Standards Not Specific to M athematics  That Also Apply to Teachers of Mathematics  

Association for Middle Level Education (AMLE) Middle Level Teacher Preparation Standards with Rubrics and 

Supporting Explanations  

AMLE (2012) describes five standards, including one on content, which addresses content, standards for 

students, and the inte rdisciplinary nature of knowledge.  

Council for Exceptional Children (CEC) Initial Preparation Standards  

The CEC (2012) standards require that beginning professionals understand and use mathematics concepts 

to individualize learning for students.  

Council for the Accreditation of Educator Preparation (CAEP) Accreditation Standards  

The CAEP (2013) describes  candidate and program expectations that define quality programs. Among these 

is the expectation that candidates demonstrate content and pedagogical knowledge in their content 

domains . 

National Association for the Education of Young Children (NAEYC) Standards for Initial and Advanced Early 

Childhood professional Preparation Programs  

The NAEYC (2010) professional standards describe  the importance of kno wing mathematics and teaching it 

in ways that promote sense making and nurture positive development.  

 

Standards for Experienced Teachers of M athematics  

Mathematics Specialists  

In the Standards for Elementary Mathematics Specialists (2013), AMTE outlined Ɉparticular knowledge, skills, 

and dispositionsɉ needed by elementary mathematics specialists who Ɉteach and support others who teach 

mathematics at the elementary level.ɉ (p. iv) 

Interstate Teacher Assessment and Support Consortium (InTASC) Model Core Teaching Standards  

The InTASC Model Core Teaching Standards (Council of Chief State School Officers [CCSSO], 2013) are used in 

states, school districts, professional organizations, and teacher education programs to support teachers.  

Nat ional Board for Professional Teaching Standards (NBPTS) Standards  

The NBPTS standards recognize accomplished teachers and included certifications for early childhood and 

elementary school generalists (2012a, 2012b), and middle school and high school mathe matics teachers 

(2010). 
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PURPOSE 

This document includes a set of comprehensive standards describing a national vision for the initial preparation 

of all teachers P re-Kɀ12 who teach mathematics. That is, in addition to early childhood and elementary school 

teachers who teach all disciplines, middle grade teachers, and high school mathematics teachers, these 

standards are also directed toward special education teachers, teachers of emergent multilingual students, and 

all others who have responsibility for asp ects of student learning in mathematics.  

These standards are intended to  

¶ guide the improvement of individual teacher preparation programs,  

¶ inform the accreditation process of such programs,  

¶ influence policies related to preparation  of teachers of mathema tics, and  

¶ promote national dialogue and action related to preparation of teachers of mathematics .  

These standards are aspirational, advocating for mathematics teacher preparation practices that support 

candidates in becoming high -quality teachers who are  ethical advocates for children and effectively guide 

student learning aligned with research and best practices, rather than describing minimum levels of 

competency needed by beginning teachers. The standards are intended both to build on existing research  

about mathematics teacher preparation and existing standards and to motivate researchers to investigate 

areas that are less well understood.  

AUDIENCE 

The audience for these standards includes all those involved in mathematics teacher preparation, including 

faculty and others involved in the initial preparation of mathematics teachers; classroom teachers and other 

Pre-Kɀ12 school personnel who support student teachers and field placements; coordinators of mathematics 

teacher preparation programs; de ans, provosts, and other program administrators who make decisions 

regarding content and funding of mathematics teacher preparation programs; CAEP, the largest accreditor of 

teacher education programs in the United States as well as state licensure or cred entialing 

agencies/organizations; NCTM, the professional association responsible for setting standards for educator -

preparation programs for preservice , middle , and high school mathematics; and other organizations, including 

specialized professional associations (e.g.,  NAEYC, CEC) and agencies focused on and involved in the 

preparation of mathematics teachers.  
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ORGANIZATION OF THE DOCUMENT 

The AMTE Standards  for Preparing Teachers of Mathematics  are organized in the following way:  

¶ Chapter 1 describes the overall framework, including a set of assumptions that underlie the 

recommendations made throughout the document.  

¶ Chapter 2 provides standards for the professi onal knowledge, skills, and dispositions that well -

prepared beginning teachers of mathematics need to  possess related to content, teaching, learners 

and learning, and the social context of mathematics education. Each standard includes indicators 

describing  what attainment of that standard by candidates entails.  

¶ Chapter 3 describes standards for mathematics teacher preparation programs designed to develop the 

knowledge, skills, and dispositions of their teacher candidates described in Chapter 2. Again, each 

standard includes indicators  of what attainment of that standard by a program entails.  

¶ Chapters 4 through 7 provide specific elaborations  of the standards in Chapters 2 and 3 to relate them 

to the specific needs for preparation of teachers of mathematics a t different levels of instruction and 

discuss their alignment with other  standards. These grade-bands  include Prekindergarten to Grade 2  

(early childhood) , Grades 3 through 5  (upper elementary) , Grades 6 through 8  (middle level) , and 

Grades 9 through 12  (high school) . 

¶ Chapter 8 provides recommendations for effectively assessing candidates and programs  in meeting the 

standards and elaborations .  

¶ Chapter 9 provides advice on how the vision of this document can be attained, including action steps 

that those in volved in mathematics teacher preparation.  
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CHAPTER 1. INTRODUCTION 

As a professional community, mathematics teacher educators have begun to define, research, and refine the 

characteristics of effective teachers of mathematics and, in particular, the professional proficiencies of a well -

prepared beginning teacher of mathematics. This document describes a set of proficiencies for well -prepared 

beginners  and for programs preparing mathematics teachers. Although these proficiencies are grounded in 

available research, in many areas that research is not yet sufficient to determine the specific knowledge, skills, 

and dispositions that will enable beginning te achers to be highly effective in their  first years of teaching. Hence, 

the standards presented in this document are intended to engage the mathematics teacher education 

community in continued research and discussion about what candidates must learn during their initial 

preparat ion as teachers of mathematics.  

ASSUMPTIONS ABOUT MATHEMATICS TEACHER PREPARATION 

The Standards for Preparing Teachers of Mathematics are centered on  five foundational assumptions about 

mathematics teacher preparation. These assumptio ns reflect the emerging consensus of those involved in 

mathematics teacher preparation in response to the needs of both their teacher candidates and the students 

those candidates will teach. These assumptions underlie the standards presented in Chapters 2 and 3 as well as 

the grade -band elaborations in Chapters 4 through 7.  

Assumption #1. Ensuring the success of each and every learner requires a deep, 

integrated focus on equity in every program that prepare s teachers of mathematics.  

Over the past decades, the need for a central focus on issues related to equity in mathematics 

education has become clear in reflecting on the uneven performance of students by various 

demographic factors (AMTE, 2015; NCTM, 2000, 2014a, 2014b). Although equity, diversity, and so cial-

justice issues need to be specifically addressed as standards, they must also be embedded within all 

the standards. Addressing these issues solely within the context of Ɉequity standardsɉ might be 

misinterpreted to imply that these issues are not impo rtant within the other standards; conversely, if 

they are not directly addressed in standards addressing equity, their centrality to the mission of 

mathematics teacher preparation can be overlooked. Thus, we believe that equity must be both 

addressed in it s own right and embedded within every standard. Every standard must be built on the 

premise that it applies to each  and every  student, recognizing that equity requires acknowledging the 

particular context, needs, and capabilities of each and every  learner rather than providing identical 

opportunities to students.  

Assumption #2. Teaching mathematics effectively requires career -long learning.  

Experienced teachers reflecting on their first year of teaching mathematics have frequently described 

how much more they can now accomplish, given their current level of teaching competence and 

understanding of the mathematics and students they are teaching. Teachers improve through 

reflective experience and through intentional efforts to seek additional knowledge. They use that 

knowledge to build their understanding of the mathema tics they teach and to support their 

improvement in supporting studentsɅ learning of mathematics. This process must begin during their 

initial preparation and continue throughout their careers. Knowing that candidates will complete 

teacher preparation prog rams without the expertise they will later develop focuses attention on 

priorities for beginning teachers. Those priorities become the knowledge, skills, and dispositions of a 

well -prepared beginner.
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Assumption #3. Learning to teach mathematics requires a central focus on 

mathematics.  

Teaching is often approached as a general craft that is independent of the content being taught. 

Effective mathematics teaching, however, requires not just general pedagogical skills but also content -

specific knowledge, skill s, and dispositions. To support student learning and develop positive 

dispositions toward mathematics, mathematics teachers at every level of instruction need deep and 

flexible knowledge of the mathematics they teach, of how students think about and learn 

mathematics, of instructional approaches that support mathematical learning, and of the societal 

context in which mathematics is taught and used in everyday life to effectively support student 

learning of, and positive dispositions toward, mathematics.  

Assumption #4. Multiple stakeholders must be responsible for and invested in 

preparing teachers of mathematics.   

Preparing teachers to teach in ways that ensure that each and every student learns important 

mathematics requires the concerted effort of everyone  who holds a stake in studentsɅ future 

successes. Mathematics teacher educators and mathematicians ; other teacher educators ; program 

and school administrators ; classroom teachers, including special education teachers ; families and 

communities ; policymakers  and others in the educational system all play critical roles. When these 

groups send mixed messages about how mathematics is best taught and learned, beginning teachers 

receive incomplete and fragmented visions of how to enact effective mathematics learni ng 

environments for their students. Successful mathematics teacher preparation requires a shared vision 

of mathematics learning outcomes for students, of effective mathematics learning environments, and 

of the kinds of experiences that best support a mathe matics teacherɅs continuing growth and 

development. Moreover, stakeholders must feel both included in the development of that vision and 

accountable for enacting that vision.  

Assumption #5. Those involved in mathematics teacher preparation must be 

committ ed to improving their effectiveness in preparing future teachers  of 

mathematics . 

Mathematics teacher preparation program structures differ widely, as do the needs and backgrounds 

of teacher candidates. Additionally, mathematics teacher preparation occurs w ithin a range of 

contexts; in the United States , hundreds of institutions as well as online and school district programs 

prepare  teacher s of mathematics, and each one is unique. Thus, program personnel need to discern 

how existing research might apply to t heir context and how they can respond to issues not yet 

addressed by research. Further, they must assess the relationship between their unique program and 

its effectiveness, sharing relevant findings with the broader mathematics teacher preparation 

communi ty (e.g., through publications and presentations at conferences).  
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A WELL-PREPARED BEGINNING TEACHER OF MATHEMATICS  

As stated in Assumption 2, the development of teachersɅ content and teaching knowledge, skills, and 

dispositions occurs over a career -long trajectory. For example, InTASC developed learning progressions to 

describe Ɉa coherent continuum of expectations for teachers from beginning through accomplished practiceɉ 

(Council of Chief State School Officers, 2013, p. 6). Figure 1.1 depicts the care er-long continuum of  teacher 

development.   

 

Figure 1.1. The teacher development continuum.  

Note. Adapted from Developing the Analytic Framework: A Tool for Supporting Innovation and Quality Design in the 

Preparation and Development of Science and Mathematics Teachers (p. 9) by C. R. Coble, 2012. Washington, DC: 

Association of Public and Land -grant Universities. Copyright 2012 by APLU. 

The standards in this document address primarily the initial preparation phase of the trajectory depicted in 

Figure 1.1, with some attention to the recruitment of teacher candidates. Chapter 2  provide s clear expectations, 

based on the current knowledge base and national recommendations, for what a well -prepared beginning 

teacher of mathematics needs to know and be able  to do as well as productive dispositions they need to 

develop , while Chapter 3 describes  what programs need to provide to enable candidates to meet these 

expectations.  Well-prepared beginning teachers of mathematics must  be committed to supporting the 

mat hematical success of each and every student, and with proper support from the mathematics teacher 

education community, they will continue to become more effective throughout their careers.  
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CHAPTER 2. CANDIDATE KNOWLEDGE, SKILLS, AND 
DISPOSITIONS 

Teaching is a complex enterprise, and teaching mathematics is particularly demanding. Thus, that initial 

preparation focuse d on teachersɅ knowledge of the subject, on the curriculum, or on how students learn the 

subject is more effective th an preparation focused  on teachers' specific behaviors  is not surprising  (cf. Ball & 

Forzani, 2011; Philipp et al., 2007). As described in Accreditation Standards and Evidence: Aspirations for Educator 

Preparation (Council for the Accreditation of Educator  Preparation  (CAEP), 2013), teacher candidates must learn 

Ɉcritical concepts and principles of their discipline and, by completion, are able to use discipline-specific 

practices flexiblyɉ (p. 2). This chapter includes  standards and  indicators to describe t he specific knowledge, skills, 

and dispositions that well -prepared mathematics teacher candidates at all levels will know and be able to do 

upon completion of an initial preparation program. Additional expectations specific to a particular grade -band 

are provided in Chapters 4 ɀ7 as elaborations. We refer to those who are starting their careers after completion 

of a teacher preparation program  as Ɉwell-prepared beginning teachers of mathematicsɉ (Ɉwell-prepared 

beginnersɉ for short).  

ORGANIZATION OF THIS CHAPTER 

This chapter includes four equally important and interrelated standards that describe the knowledge, skills, and 

dispositions that well -prepared beginners need to  acquire. The first standard, ɈKnowledge of Mathematics 

Concepts, Practices, and Curricu lum,ɉ describes disciplinary knowledge involved in the teaching of mathematics. 

The second, ɈKnowledge and Pedagogical Practices for Teaching Mathematics,ɉ describes research-based 

practices or strategies for effective mathematics teaching. The third, ɈKnowledge of Students as Learners of 

Mathematics,ɉ describes what teachers need to  know about their studentsɅ mathematical knowledge, skills, 

representations, and dispositions, for both individual students and groups of students. The final standard in 

this chapter, ɈSocial Contexts of Mathematics Teaching and Learning,ɉ describes the knowledge and 

dispositions beginning teachers must  have related to  the social, historical, and institutional contexts of 

mathematics that affect teaching and learning, themes also  woven into the first three standards.  

As indicated in Table 2.1, each standard includes specific indicators, along with accompanying explanations. 

These standards and indicators apply to all well -prepared beginning teachers of mathematics from 

prekinderga rten through high school.  
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TABLE 2.1. STANDARDS AND RELATED INDICATORS FOR WELL-PREPARED BEGINNING TEACHERS OF 

MATHEMATICS 

STANDARD RELATED INDICATORS 

C.1. Mathematics Concepts, Practices, and Curriculum  

Well-prepared beginning teachers of  mathematics 

possess robust knowledge of mathematical and 

statistical concepts that underlie what they encounter 

in teaching. They engage in appropriate mathematical 

and statistical practices and support their students in 

doing the same. They can read, ana lyze, and discuss 

curriculum, assessment, and standards documents as 

well as studentsɅ mathematical productions. 

C.1.1. Know Relevant Mathematical Content  

C.1.2. Demonstrate Mathematical Practices and 

Processes 

C.1.3. Exhibit Productive Mathematical Dispositions  

C.1.4. Analyze the Mathematical Content of 

Curriculum  

C.1.5. Analyze Mathematical Thinking  

C.1.6. Use Mathematical Tools and Technology  

C.2. Pedagogical Knowledge and Practices for Teaching Mathematics  

Well-prepared beginning teachers of mathematics 

have foundation s of pedagogical knowledge, effective 

and equitable mathematics teaching practices, and 

positive and productive disposition s toward teaching 

mathematics to support studentsɅ sense making, 

understanding, and reasoning.  

C.2.1. Prom ote Equitable Teaching  

C.2.2. Plan for Effective Instruction  

C.2.3. Implement Effective Instruction  

C.2.4. Analyze Teaching Practice  

C.2.5. Enhance Teaching Through Collaboration With 

Colleagues, Families, and Community 

Members  

C.3. Students as Learners of Mathematics  

Well-prepared beginning teachers of mathematics 

have foundational understandings of studentsɅ 

mathematical knowledge, skills, and dispositions. 

They also know how these understandings can 

contribute to effective teaching and are committed t o 

expand ing and deepen ing their knowledge of 

students as learners of mathematics.  

C.3.1. Anticipate and Attend to StudentsɅ Thinking 

About Mathematics Content  

C.3.2. Understand and Recognize StudentsɅ 

Engagement in Mathematical Practices  

C.3.3. Anticipate and Attend to StudentsɅ 

Mathematical Dispositions  

C.4. Social Contexts of Mathematics Teaching and Learning  

Well-prepared beginning teachers of mathematics 

realize that the social, historical, and institutional 

contexts of mathematics affect teaching and  learning 

and know about and are committed to their critical 

role s as advocates for each and every student.  

C.4.1. Provide Access and Advancement  

C.4.2. Cultivate Positive Mathematical Identities  

C.4.3. Draw on StudentsɅ Mathematical Strengths 

C.4.4. Understand Power and Privilege in the History 

of Mathematics Education  

C.4.5. Enact Ethical Practice for Advocacy  
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WHAT SHOULD WELL-PREPARED BEGINNING TEACHERS OF 

MATHEMATICS KNOW AND BE ABLE TO DO, AND WHAT 

DISPOSITIONS SHOULD THEY DEVELOP? 

The guiding question for this chapter is ɈRecognizing that learning to teach is an ongoing process over many 

years, what are reasonable expectations for the most important knowledge, skills, and dispositions that 

beginning teachers of mathematics must poss ess to be effective?ɉ Answering this  question is difficult because  

some aspects of teaching will not  be well learned initially, even though they may be critically important to 

student learning. What a beginner knows  is also a significant equity issue  because students with the greatest 

needs are often taught by teachers with the least experience (Kalogrides, Loeb, & Béteille, 2012; Oakes, 2008).  

Mathematics teachers, from the very beginning of their careers, must robustly understand the mathematical 

content knowledge for the age groups or grades they may teach, along with the content taught to the age 

groups preceding and following those they teach Ɂand in a different and deeper way than is often presented in 

textbooks, curriculum documents, or standards. Such  knowledge affects their studentsɅ learning (e.g., Hill, 

Rowan, & Ball, 2005; National Mathematics Advisory Panel, 2008).  

Well-prepared beginners must be ready to teach each  and every student in their first classrooms. Although 

pedagogical skills develop o ver time, beginners must have an initial repertoire of effective and equitable 

teaching strategies; for example, in selecting tasks, orchestrating classroom discussions, building on prior 

knowledge, and connecting conceptual understanding and procedural fl uency (NCTM, 2014a). All teachers, 

including well -prepared beginners, must hold positive dispositions about mathematics and mathematics 

learning, such as the notions that mathematics can and must be understood, and that each and every student 

can develop m athematical proficiency, along with a commitment to imbue their students with similar beliefs 

and dispositions.  

To teach effectively , one must hold  knowledge of learners and learning, both general pedagogical knowledge 

and knowledge specific to the learnin g and teaching of mathematics. Understanding mathematical learners 

includes knowing about their background s, interests, strengths, and personalities as well as knowing how 

students think about and learn mathematics, including possible misconceptions and cr eative pathways they may 

take in learning (Ball & Forzani, 2011; Clements & Sarama, 2014; Sztajn, Confrey, Wilson, & Edgington, 2012). 

Well-prepared beginners must understand Ɂat least at an initial level Ɂhow to assess the understandings and 

competencies of  their students and use this knowledge to plan and modify instruction using research -based 

instructional strategies (e.g., Ball & Forzani, 2011; Shulman, 1986).   

Mathematics teaching and learning are influenced by social, historical, and institutional cont exts. Beginning 

teachers must be aware of learnersɅ social, cultural, and linguistic resources; know learnersɅ histories; and 

recognize how power relationships affect studentsɅ mathematical identities, access, and advancement in 

mathematics (e.g., Gutiérre z, 2013b; Martin, 2015; Strutchens et al., 2012; Wager, 2012). For example, classroom 

dynamics and social interactions strongly influence studentsɅ emerging mathematical identities, which in turn 

affect  the studentsɅ learning opportunities. ϥn short, well-prepared beginners must be ethical advocates for 

every student.  
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STANDARD C.1. 

KNOWLEDGE OF 

MATHEMATICS FOR 

TEACHING 

Well-prepared beginning teachers of mathematics possess 

robust knowledge of mathematical and statistical concepts 

that underlie what they encounter in teaching. They engage 

in appropriate mathematical and statistical practices and 

support their students in doing the same. They can read, 

analyze, and discuss curriculum, assessment,  and standards 

documents as well as studentsɅ mathematical productions. 

Having a robust knowledge of the mathematics content being taught is foundational to the success of a well -

prepared beginning teacher of mathematics. Well -prepared beginners can read,  analyze, and discuss 

curriculum, assessment, and standards documents as well as studentsɅ mathematical productions. Without that 

foundation, they will be unable to support their studentsɅ learning of mathematics. As addressed in the preface, 

in this docum ent  the term mathematics encompass es mathematics and statistics, because school mathematics 

teachers are responsible for instruction in both content areas. For cases in which  the distinction between 

mathematics and statistics is important to emphasize, sta tistics is identified separately.  

INDICATOR C.1.1. KNOW RELEVANT MATHEMATICAL CONTENT 

Well-prepared beginning teachers of mathematics have solid and flexible knowledge of core 

mathematical concepts and procedures they will teach, along with knowledge both  beyond what 

they will teach and foundational to those core concepts and procedures.  

Well-prepared beginning teachers of mathematics understand and solve problems in more than one way, 

explain the meaning s of key concepts, and explain the mathematical rationale s underlying key procedures. For 

example, a well -prepared beginner for Upper Elementary Grades  recognize s that simplifying 3 ÷  indicates  the 

question ɈHow many fifths are in 3?ɉ Using a visual diagram as in Figure 2.1 and considering that one whole is 

comprised of  five fifths leads one to realiz e that the answer will be 3 × 5 or 15.  

1

5
 

Ź 

               

 

Figure 2.1.  Fraction -bar representation of the problem 3 ÷ . 

This result can be generalized so that students  recognize that dividing by any unit fraction is equivalent to 

multiplying by the denominator. Thus, this procedure can be built on a solid and flexible understanding of 

underlying mathematics. (See Chapters 4 through 7 for additional examples of the specific content for well -

prepared beginners at each grade-band .) 
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Indicator C.1.2. Demonstrate Mathematical Practices and Processes  

Well-prepared beginning teachers of mathematics have solid and flexible knowledge of 

mathematic al processes and practices, recognizing that these are tools used to solve problems and 

communicate ideas.  

The mathematical knowledge of well -prepared beginning teachers of mathematics includes ability to use 

mathematical and statistical processes and pra ctices (NCTM, 2000; NGA & CCSSO, 2010; Shaughnessy, Chance, 

& Kranendonk, 2009) to solve problems. They use mathematical language with care and precision. The se 

teachers  can explain their mathematical thinking using grade -appropriate concepts, procedures, and language, 

including grade -appropriate definitions and interpretations for key mathematical concepts. They can apply their 

mathematical knowledge to real -world situat ions by using mathematical modeling to solve problems 

appropriate for the grade levels and the students they will teach. They are able to effectively use 

representations and technological tools appropriate for the mathematics content they will teach. They regard 

doing mathematics as a sense-making activity that promotes perseverance, problem posing, and problem 

solving. In short, they exemplify the mathematical thinking that will be expected of their students.  

Well-prepared beginners recognize processes and practices when  they emerge in their mathematical thinking 

and highlight these actions and behaviors when they observe them in others. Over time, beginning teachers 

can (a) better distinguish intricacies among  the various processes and practices, determining those that are at 

the crux of a mathematical investigation and (b) see the interrelationships among the processes and practices.  

Well-prepared beginners understand that mathematics is a human endeavor that is practiced in and out of 

school, across many facets of life. They know that mathematics has a history and includes contributions from 

people with different genders and cultural, linguistic, religious, and racial/ethnic backgrounds. Mathematics is 

based on constructed conventions and agreements about the meaning s of words and symbols, and these 

conventions vary.  Well-prepared beginners are aware that algorithms considered as standard in the United 

States differ from algorithms used in other countries and t hat some alternative algorithms  have different, 

desirable properties that make them worth knowing. This idea is elaborated in later standards and indicators  of 

this chapter as well as in Chapters 4 ɀ7. 

Indicator C.1.3. Exhibit Productive Mathematical Dispos itions  

Well-prepared beginning teachers of mathematics expect mathematics to be sensible, useful, and 

worthwhile for themselves and others, and they believe that all people are capable of thinking 

mathematically and are able to solve sophisticated mathemat ical problems with effort . 

Well-prepared beginning teachers of mathematics know that one's success in mathematics depends on a 

productive disposition toward the subject and on hard work (National Research Council [NRC], 2001 a). They 

believe that requisite  characteristics of high -quality teaching of mathematics include a commitment to sense  

making in mathematical thinking, teaching, and learning and to developing habits of mind,  including curiosity, 

imagination, inventiveness, risk -taking, and persistence. For example, when faced with  a challenge  to  common 

practice or to their current understandings or beliefs, well -prepared beginning teachers have the intellectual 

courage and mathematical disposition to not reject the challenge but to investigate the propos ed idea, applying 

their own critical thinking and using all available resources.  
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Indicator C.1.4. Analyze the Mathematical Content of Curriculum  

Well-prepared beginning teachers of mathematics read, analyze, interpret, and enact mathematics 

curricul a, content trajectories, standards documents, and assessment frameworks for the grades 

in which they are being prepared to teach.  

The alignment of standards, instructional materials, and assessment is critical in designing a cohesive, well -

articulated curri culum. Well -prepared beginning teachers of mathematics are aware that the mathematics they 

teach is based on a variety of , often nested , documents. They know that connections  exist  among standards, 

curriculum documents, instructional materials, and assessm ent frameworks and have disposition s and 

commitment to analyze these guides to inform their teaching. They have the content preparation and the 

disposition s to analyze instructional resources, including those provided by textbook publishers and those 

available from sources online, to determine whether  these resources fully address the content expectations 

described in standards and curriculum documents. When the materials fall short of the standards or 

expectations, well -prepared beginners are able to decide whether to replace or adapt the materials to better 

address the content and process expectations.  

Well-prepared beginners realize that in addition to the curriculum and standards that they are accountable to 

teach, other resources can support their effor ts to design rigorous, coherent mathematics instruction . Such 

resources include  learning or standards progressions (cf.  Generating Increased Science and Mathematics 

Opportunities, 2012; Institute for Mathema tics and Education, n.d. ) that describe relationships among 

standards within and across grades. Note that  in addition to content progressions , other types of progressions 

to be considered are developmental progressions or learning trajectories. Well -prepar ed beginners understand 

the content within these materials and can discuss them with colleagues, administrators , and families of their 

students in ways that make sense to the se audiences.  

Through analyzing available resources, well -prepared beginners are a ble to make decisions about the 

sequencing and time required to teach the content in depth as well as to make important connections among 

the mathematics  taught  in the grades or units before and after what they are teaching.  

Indicator C.1.5. Analyze Mathe matical Thinking  

Well-prepared beginning teachers of mathematics analyze different approaches to mathematical 

work and respond appropriately.  

Well-prepared beginning teachers of mathematics analyze both written and oral mathematical productions 

related to  key mathematical ideas and look for and identify sensible mathematical reasoning , even when that 

reasoning may be atypical or different from their own. Well -prepared beginners value varied  approaches to 

solving a problem, recognizing that engaging in  math ematics is more than finding an answer. They make 

mathematical connections among  these approaches to clarify underlying mathematical concepts. Well -

prepared beginners recognize the importance of context and applications in uses of mathematics and statistic s. 

They make connections across disciplines in ways that illuminate mathematical ideas.  

The tasks in Figure s 2.2 and 2.3, which might be used in a mathematics methods or mathematics content 

course for teachers, exemplify the level of mathematical analysis  expected of well -prepared beginners.  

https://www.turnonccmath.net/
https://www.turnonccmath.net/
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Students are given the following prompt:  

How many pencils will our classroom need to last through the school year?  

Propose a strategy to answer this question. 

Four student responses follow:  

1) We should vote on whether we have enough.  

2) We should survey teachers about how many they have used in the past.  

3) We should determine how many words each pencil can write and estimate how many words our 

class will write in a year . 

4) We should collect data for a week bef ore trying to answer the question.  

What would you ask to further each studentɅs approach to developing a model to answer this question?  

Figure 2.2.  Sample task  for Pre-Kɀ5 teacher candidates . 

 

Students are given the following prompt:  

One number is 3 times another number, and their sum is 30. What are the two numbers? 

Four student responses follow:  

1) 30 ÷ 3 = 10, so 10 and 30.  

2) 30 ÷ 4 = 7.5, so 7.5 and 22.5. 

3) Half of 30 is 15. Half of 15 is 7.5, so go up and down 7.5 from 15.  

4) x + 3x = 30, so x = 7.5. 

What question would you ask to clarify each studentɅs thinking? 

Figure 2.3.  Sample task  for middle level teacher candidates . 

 

Indicator C.1.6. Use Mathematical Tools and Technology  

Well-prepared beginning teachers of mathematics are proficient with tools and technology 

designed to support mathematical reasoning and sense making, both in doing mathematics 

themselves and in supporting student learning of mathematics.  
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Well-prepared beginning teachers of mathematics are proficient in using both digital  tools and physical 

manipulatives for solving mathematical problems and as a means of enhancing or illuminating mathematical 

and statistical concepts. Well -prepared beginners know when and how to use physical manipulatives to explore 

mathematical and stati stical ideas and to build conceptual understanding of these. Furthermore, they are 

prepared to use Ɉmathematical action technologiesɉ (cf. NCTM, 2014a, p. 79), powerful tools that will be a part 

of the lives of the students they teach.  They know that physi cal and digital simulations are critical for 

understanding key statistical concepts. They are familiar with the use of virtual manipulatives, interactive 

electronic depictions of physical manipulatives, and know how these can support sophisticated explorat ions of 

mathematical concepts (Moyer -Packenham , Niezgoda, & Stanley, 2005).  

Well-prepared beginners Ɉmake sound decisions about when such tools enhance teaching and learning, 

recognizing both the insights to be gained and possible limitations of such tools ɉ (NCTM, 2012, p. 3). Not every 

tool, whether electronic or physical, is appropriate in every situation, and different tools may provide different 

insights into a context. Well -prepared beginners recognize the fast rate at which technologies emerge and are  

committed to staying abreast of new tools, analyzing their potential and limitations for studentsɅ mathematics 

learning.  

 

STANDARD C.2. 

PEDAGOGICAL 

KNOWLEDGE AND 

PRACTICES FOR 

TEACHING 

MATHEMATICS 

Well-prepared beginning teachers of mathematics have 

foun dations of pedagogical knowledge, effective and 

equitable mathematics  teaching practices, and positive and 

productive dispositions toward teaching mathematics to 

support studentsɅ sense making, understanding, and 

reasoning.  

 

Teaching mathematics effectively involves significant knowledge, skills, and dispositions. Well -prepared 

beginning teachers of mathematics draw upon their knowledge of mathematics content, processes, and 

curriculum and blend it with effective and equitable mathema tics teaching practices. They begin teaching with a 

solid foundation of pedagogical content knowledge. That is, they have studied teaching approaches unique to 

the subject matter of mathematics, such as knowledge of how to structure and represent mathemati cs content 

(e.g., fractions, ratios, algebra ) in ways that make it accessible to students; knowledge of the common 

conceptions, misconceptions, and difficulties that students encounter when learning mathematics; and 

knowledge of specific teaching strategie s to assess and address studentsɅ learning needs in mathematics 

(Shulman, 1986). Well -prepared beginners realize that the teaching of mathematics has its own nuances and 

complexities specific to the discipline and are ready to start using and expanding the ir established foundation s 

of pedagogical content knowledge to guide their instructional actions in planning for and interacting with each 

and every student in mathematics classrooms.  

Well-prepared beginners take seriously their responsibilities as new teachers to develop each studentɅs ability 

to engage in mathematical sense making, understanding, and reasoning. Toward that end, they present 

positive attitudes toward the subject of mathematics as a discipline when interacting with students, families, 

colleagues, and community members. They also demonstrate productive dispositions toward teaching 

mathematics, including engagement in collaborative communities of practice and ongoing learning as 

professional educators. Well -prepared beginners know that they  will continue to develop and refine their 

pedagogies and practices, and, as with all complex endeavors, their skills and effectiveness in teaching 

mathematics will improve with time, experience, and deliberate reflection.  
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Indicator C.2.1. Promote Equitabl e Teaching  

Well-prepared beginning teachers of mathematics structure learning opportunities and use teaching 

practices that provide access, support, and challenge in learning rigorous mathematics to advance the 

learning of every student.  

Teaching for access and equity is evidenced as well -prepared beginning teachers view their roles as developing 

robust and powerful mathematical identities in their students, demonstrating commitment to view each and 

every student as a capable and unique le arner of mathematics. Well -prepared beginning teachers embrace and 

build on studentsɅ current mathematical ideas and on studentsɅ ways of knowing and learning, including 

attending to each student Ʌs culture, race/ethnicity, language, gender, socioeconomic s tatus, cognitive and 

physical abilities, and personal interests. They also attend to developing studentsɅ identities and agency so that 

students can see mathematics as components of their cultures and see themselves in the mathematics. For 

instance, well -prepared beginners often connect mathematics to studentsɅ everyday experiences or ask 

students to tell stories because they know that making mathematics relevant to studentsɅ lives can make the 

learning experience more meaningful and raise achievement (Turn er, Celedón -Pattichis, Marshall, & Tennison, 

2009). Ensuring equitable mathematics learning outcomes for each student is an essential goal and a significant 

challenge. Achieving this goal requires (a) clear and coherent mathematical goals for studentsɅ learning, (b) 

expectations for the collective work of students in the classroom, (c) effective methods of supporting the 

learning of mathematics by each student, and (d) provision of appropriate tools and resources targeted to 

students' specific needs.  

Teaching with a commitment to access and equity entails striving to reach each student whose life is affected by 

what occurs in the mathematics classroom. Well -prepared beginning teachers plan for and use an equity-based 

pedagogy (AMTE, 2015) by structuring lear ning opportunities to provide access, support, and challenge in 

learning mathematics. This practice includes considering studentsɅ individual needs, cultural experiences, and 

interests as well as prior mathematical knowledge when selecting tasks and planni ng for mathematics 

instruction (Leonard, Brooks, Barnes -Johnson, & Berry, 2010). For example, what everyday, informal language 

might support or hinder the specialized use of language in mathematics? What are studentsɅ prior experiences 

with specific mathem atical representations or strategies? What scaffolds are needed to support students with 

special needs? What assessments can help identify the strengths and weaknesses of students who are in need 

of interventions? What topics, activities, places, books, mo vies, television shows, and video games are currently 

popular with students and could be incorporated into tasks or problem -solving opportunities?  

Well-prepared beginning teachers of mathematics strongly believe that each and every student can learn 

mathem atics with understanding, and they take conscious and intentional actions to build studentsɅ agency as 

mathematical learners (AMTE, 2015; Gutiérrez, 2009). That is, the teachers believe in each studentɅs ability to 

make sense of mathematical tasks and situ ations, to engage in mathematical discourse, and to judge the 

validity of solutions. For example, the beginning teacher envisions a classroom community in which students 

present ideas, challenge one another, and construct meaning together; varied mathemati cal strengths are 

valued and celebrated. Well -prepared beginners understand the importance of communicating the relevance of 

mathematics Ɂspecifically, that students can use mathematics to address problems and issues in their homes 

and communities.  

Addition ally, well -prepared beginners intentionally foster growth mindsets among students about learning 

mathematics and persistently counter manifestations of fixed mindsets (e.g., that some people are good at 

mathematics and others are not). This practice includ es public praise for contributions, use of applicable 

strategies, and perseverance (Boaler, 2016; Dweck, 2008). For example, well -prepared beginners acknowledge 

mistakes as critical for learning and help students view mistakes as important in the learning process and for 

engaging in mathematics.  
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Indicator C.2.2. Plan for Effective Instruction  

Well-prepared beginning teachers of mathematics attend to a multitude of factors to design 

mathematical learning opportunities for students, including content, stude nts' learning needs, studentsɅ 

strengths, task selection, and the results of formative and summative assessments.  

Careful and detailed planning is necessary to design lessons that build on studentsɅ mathematical thinking 

while supporting develop ment of  key mathematical ideas. Well -prepared beginners realize  that  planning takes 

substantial amounts of time. They recognize the importance of  having clear understanding s of the mathematics 

content and mathematics learning goals for each unit and lesson as well a s how these particular goals fit within 

a developmental progression of student learning (Daro, Mosher, & Corcoran, 2011). Well -prepared beginners 

are able to articulate and clarify mathematics learning goals during the planning process, knowing  that  the 

goals are the starting point that Ɉsets the stage for everything elseɉ (Hiebert, Morris, Berk, & Jansen, 2007, p. 57). 

To provide e ffective instruction , one considers the prior knowledge and experiences students bring to a lesson 

and how the task will be set  up or launched in meaningful contexts to ensure that each and every student has  

access to the content and contexts (Jackson, Garrison, Wilson, Gibbons, & Shahan, 2013). Therefore, well -

prepared beginners strive to design classroom environments in which  students have opportunities to 

communicate their thinking, listen to the thinking of others, connect mathematics to a variety of contexts, and 

make connections across mathematical ideas and subject areas. They plan purposeful and meaningful 

questions t o prob e student thinking, make the mathematics visible for discussion, and encourage reflection 

and justification (NCTM, 2014 a). 

In effective mathematics planning , teachers  select meaningful tasks to motivate student learning, develop new 

mathematical knowledge, and build connections between conceptual and procedural understanding. Well -

prepared beginners understand that providing students opportunities to think, reason, and  solve problems 

requires cognitively challenging mathematical tasks (Stein, Smith, Henningsen, & Silver, 2009). Additionally, well -

prepared beginners engage students on a regular basis with mathematical tasks that promote reasoning and 

problem solving, pro vide multiple entry points, have high ceilings to offer challenges, and support varied 

solution strategies (NCTM, 2014 a). One can identify s uch tasks  only by considering the ways in which students 

might solve the m. Therefore, well -prepared beginners analyz e tasks and lessons, anticipating studentsɅ 

approaches and responses (Gravemeijer, 2004; Stigler & Hiebert, 1999). They understand that anticipating 

studentsɅ responses involves considering both  the array of strategies, both conventional and unconventional , 

that  students might use to solve the task, and the ways  those strategies relate to the mathematical concepts, 

representations, and procedures that students are learning (Stein, Engle, Smith, & Hughes, 2008).  

Well-prepared beginners attend to the needs o f their students in their planning of lessons and units. Th at is, in 

their lesson planning, the beginners  incorporate inclusive  and equity -based teaching practices. Formative 

assessment is an integral aspect of effective instruction ; therefore , lesson planning must include a plan for 

monitoring and assessing student understanding  (Black & Wiliam, 1998). Well -prepared beginners have 

repertoire s of strategies to elicit evidence of studentsɅ progress toward the intended mathematics learning 

goals, such as being able to use observation checklists, interviews, writing prompts, exit tickets, quizzes , and 

tests. They realize that although  they have anticipated student responses, the evidence from these 

assessments may require a departure from the planne d lesson or may affect subsequent lessons within a unit 

of study. They also recognize  their responsibilit ies to develop interventions to support the students who are not 

reaching the objectives of the grade -level instruction. Knowing the importance of  moni toring and attending to 

the progress of students w ho are struggling to learn, the well -prepared beginning teacher  uses results from 

formative assessments to  design targeted instruction presented outside the regular grade -level mathematics 

session. 
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Indicato r C.2.3. Implement Effective Instruction  

Well-prepared beginning teachers of mathematics use a core set of pedagogical practices that are 

effective for developing studentsɅ meaningful learning of mathematics. 

Teachers must not only understand the mathema tics they are expected to teach (Ball, Thames, & Phelps, 2008) 

and understand how students learn that mathematics (Fuson, Kalchman, & Bransford, 2005), they must be 

skilled in using content -focused instructional pedagogies to advance the mathematics learni ng of each and 

every student (Forzani, 2014). Well -prepared beginning teachers of mathematics have begun to develop skillful 

use of a core set of effective teaching practices, such as those described in Principles to Actions (NCTM, 2014a) 

and listed in Table 2.2 below.  

 

TABLE 2.2. MATHEMATICS TEACHING PRACTICES (NCTM, 2014 a) 

Establish mathematics goals to focus learning . Effective teaching of mathematics establishes clear goals for the 

mathematics that students are learning, situates goals within learning p rogressions, and uses the goals to 

guide instructional decisions.  

Implement tasks that promote reasoning and problem solving . Effective teaching of mathematics engages 

students in solving and discussing tasks that promote mathematical reasoning and problem  solving and 

allow multiple entry points and varied solution strategies.  

Use and connect mathematical representations . Effective teaching of mathematics engages students in making 

connections among mathematical representations to deepen understanding of ma thematics concepts and 

procedures and as tools for problem solving.  

Facilitate meaningful mathematical discourse . Effective teaching of mathematics facilitates discourse among 

students to build shared understanding of mathematical ideas by analyzing and co mparing student 

approaches and arguments.  

Pose purposeful questions . Effective teaching of mathematics uses purposeful questions to assess and advance 

studentsɅ reasoning and sense making about important mathematical ideas and relationships. 

Build procedur al fluency from conceptual understanding . Effective teaching of mathematics builds fluency with 

procedures on a foundation of conceptual understanding so that students, over time, become skillful in 

using procedures flexibly as they solve contextual and ma thematical problems.  

Support productive struggle in learning mathematics . Effective teaching of mathematics consistently provides 

students, individually and collectively, with opportunities and supports to engage in productive struggle as 

they grapple with  mathematical ideas and relationships.  

Elicit and use evidence of student thinking . Effective teaching of mathematics uses evidence of student thinking 

to assess progress toward mathematical understanding and to adjust instruction continually in ways that 

support and extend learning.  

Note. Reprinted from Principles to Actions: Ensuring Mathematical Success for All (p. 10) by the National Council of 

Teachers of Mathematics, 2014. Reston, VA: NCTM.  Copyright 2014 by National Council of Teachers of 

Mathematics. Used with permission.  

Well-prepared beginners enter classrooms with commitment to, and initial skills for, enacting effective 

mathematics instruction. They can identify mathematics learning goals for lessons, articulate how those goals 

relate to the selected tasks, and use the goals to guide their instructional decisions throughout a lesson. They 

can distinguis h between high -level and low -level tasks on the basis of the cognitive demand for their students. 

They are growing in their abilities to implement high -level tasks that promote reasoning and problem solving 

with students and to engage students in meaningfu l mathematical discourse on those tasks, without lowering 
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the cognitive demand or taking over the thinking and reasoning of students (Stein, Grover, & Henningsen, 1996; 

Stigler & Hiebert, 2004). For example, well -prepared beginners provide opportunities fo r students to work 

together on mathematical tasks and then engage students in whole -class discussions to share, compare, and 

analyze student strategies and solutions. They endeavor to position students as authors of ideas Ɂstudents 

who discuss, explain, and  justify their reasoning using varied representations and tools. They also know that the 

purpose for whole -class discussions is not show-and-tell but rather an intentional discussion of selected and 

sequenced student approaches and use of mathematical repr esentations and tools to move students through a 

trajectory of sophistication toward the intended mathematics learning goal of the lesson. This skillful 

orchestration of student interactions in whole -class discussions is complex and takes years for teacher s to fully 

develop. Furthermore, although well -prepared beginners can see key mathematical ideas within studentsɅ 

representations, the accomplished teacher can weave a mathematical idea across many representations (e.g., 

proportional relationships shown wi th discrete objects, tables, tape diagrams, double number lines) in ways 

that help students see connections among representations and see affordances of different representations. 

Well-prepared beginners have clear visions of effective mathematics instruct ion centered on mathematical 

discourse and sense making; they begin with strong foundations of initial capabilities upon which to build that 

vision into their classrooms.  

Effective teaching requires attending to studentsɅ mathematical thinking and reasoning during instruction. Well -

prepared beginners commit themselves to noticing, eliciting, and using student thinking to assess student 

progress in understanding the mathematics and to adjust instruction in ways that further support and advance 

learning towar d the intended learning goals. For example, well -prepared beginners assess studentsɅ 

understanding and reasoning at multiple points throughout a lesson. This assessment might include posing 

purposeful questions to gather information or probe studentsɅ understandings while they work individually or 

in small groups or asking students to respond to a prompt on their whiteboards during a lesson.  

Indicator C.2.4. Analyze Teaching Practice  

Well-prepared beginning teachers of mathematics are developing as reflec tive practitioners who elicit and 

use evidence of student learning and engagement to analyze their teaching.  

To effectively reap the benefits of the process of reflection, teachers must base their instructional decisions on 

evidence of student thinking and reasoning (Wiliam & Leahy, 2015) (See Standard 3.3). Well -prepared beginners 

analyze the formative assessments used in a lesson to determine both student conceptions and future 

instruction. They recognize that their analyses must go beyond identifying an overall need and determine 

precise issues that an intervention could directly support (Hodges, Rose, & Hicks, 2012). For example, a 

diagnostic interview using a missing -addend problem (e.g.,  12 + __ = 23) could reveal a gap in a student Ʌs 

knowledge abou t the meaning of the equal sign. This information can lead to changes in instruction, such as 

ensuring that equations are written in a variety of ways in future lessons or the creation of an intervention for 

Tier 2 instruction incorporating a number balanc e.  

Well-prepared beginning teachers of mathematics recognize that the processes of data collection, analysis, and 

reflection and the corresponding revision to classroom practices are systematic and continuous and grow in 

sophistication with teaching exper ience. Eventually this deliberate examination of practice helps well -prepared 

beginners become more reflective about their own teaching practices. Various tools enable teachers to design 

and analyze mathematics teaching. Using these tools, the teacher gath ers evidence on students' multiple 

mathematical knowledge bases and culturally responsive teaching (Aguirre & Zavala, 2013; Roth McDuffie et al., 

2014). Well-prepared beginners have the disposition to ask important questions like ɈHow might ϥ get better at 

this practice ϥ am developing?ɉ and ɈWhat other teaching practices might ϥ prioritize?ɉ 

Reflecting on oneɅs teaching must  not be solely at the individual level. The continuous monitoring of oneɅs 

practice leads well -prepared beginners to seek out collabor ators or critical friends (Schuck & Russell, 2005) to 
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observe one another's teaching, examine studentsɅ work samples as a team, and, in concert, consider how 

particular teaching moves supported or inhibited student understanding and next instructional step s, more 

specifically. Abandoning carefully designed instructional plans is difficult, but if teaching practices are not 

working well for studentsɅ long-term gains and evidence points to better ways of proceeding, change is 

necessary. Well -prepared beginner s are committed to collaborative analyses of teaching, open to receiving and 

giving feedback, and capable of making conscious instructional choices on the basis of actual evidence of 

teaching practice. Changing professional norms encourage teacher -to -teacher collaboration through 

professional learning communities and formal mentoring and coaching programs. In addition, social media 

(e.g., blogs; Instagram; Mathematics twitter blogosphere (#MTBoS)) provide virtual spaces for teachers to 

connect and reflect o n their instructional practices.  

Indicator C.2.5. Enhance Teaching Through Collaboration With Colleagues, Families, and 

Community Members  

Well-prepared beginning teachers of mathematics seek collaboration with other education 

professionals, parents, careg ivers, and community partners to provide the best mathematics learning 

opportunities for every student.  

Well-prepared beginning teachers of mathematics understand the importance of being a part of a community 

of educators and believe that the community ha s the potential to affect teaching in a positive way. Ɉϥn an 

excellent mathematics program, educators hold themselves and their colleagues accountable for the 

mathematical success of every student and for personal and collective professional growth toward effective 

teaching and learning of mathematicsɉ (NCTM, 2014a, p. 99). Well-prepared beginners anticipate that 

collaboration with colleagues will spur the need to explain oneɅs teaching practices and articulate rationales for 

instructional decisions. For ex ample, they are open to making their ideas and decisions visible and subject to 

shared scrutiny to develop deeper, more widely shared understandings of studentsɅ learning (Doerr, Goldsmith, 

& Lewis, 2010).  

Professional learning communities provide teacher s with opportunities to collaborate over prolonged periods 

of time. Five dimensions of successful professional learning communities include (a) common vision and shared 

values, (b) collective responsibility, (c) leadership support, (d) good facilitation, a nd (e) use of data and student 

work (Fulton, Doerr, & Britton, 2010). Observing one anotherɅs teaching and providing feedback and protocols 

for reflecting on practice are often used as key elements in the work of a professional learning community. 

These dimensions alleviate the isolation of teaching and enable a well -prepared beginner to learn from 

colleagues and share his or her own expertise.  For example, during student teaching and other clinical 

experiences, well -prepared beginning teachers have had opp ortunities to observe their peers (i.e., other 

student teachers) and classroom teachers and reflect on the effectiveness of specific teaching practices. This 

reflection is scaffolded by university faculty, supervisors, and school -based mentor teachers who provide 

prospective teachers with writing prompts and oral questions that encourage them to think deeply about what 

they observed, analyzing both strengths and weaknesses in these situations. Through activities such as these, 

well -prepared beginning teache rs demonstrate a disposition toward teaching as a collaborative endeavor 

focused on student learning (Leatham & Peterson, 2010).  

Engaging with communities outside of school is an important way teachers can strengthen their teaching. Such 

communities includ e families, faith -based organizations, public libraries, local businesses, and community 

centers that provide additional space and mathematical learning opportunities for students, which teachers can 

leverage (Aguirre et al., 2012; Civil, 2007; González,  Andrade, Civil, & Moll, 2001; Vomvoridi -Ivanovic, 2012). Well -

prepared beginning teachers are aware of, and committed to employing, multiple strategies to get to know 

families and communities to better serve students. Examples include annual home/neighborho od visits with 

families, organizing a robotics or mathematics club at a local library or community center, meeting with a 

religious or civic leader serving the basic needs of newcomers in the local community, or volunteering in 

community -based organization s with different language backgrounds to engage beyond their comfort zones.   
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Well-prepared beginners must be clear and confident in their visions for teaching mathematics. They must be 

able to effectively communicate their visions while building relationships and trust with families to support 

mathematics learning throughout the sc hool year. They seek to understand family perspectives and priorities 

and understand the importance of helping families see how these priorities are being met in their childrenɅs 

mathematics learning. Routine practices such as classroom websites, newslette rs, or both; back -to -school 

nights; family mathematics nights; family surveys; and parent -teacher conferences serve as venues for 

communicating this vision to multiple stakeholders. That those events include a focus on mathematics, 

including studentsɅ mathematical thinking and how parents and families can support studentsɅ mathematics 

learning, is important.  

Well-prepared beginners work diligently to build relationships with families and caregivers focused on the 

learning needs of their children. They know  that providing constructive feedback focused on strengths and 

areas of growth about studentsɅ mathematics performance is essential (Aguirre, Mayfield-Ingram, & Martin, 

2013). Important also is to be inclusive when communicating about learning expectations  and homework 

assignments, for example, by translating letters sent home into the parentsɅ languages and honoring 

mathematics strategies that family members use. Well -prepared beginners are ready with strategies that will 

ensure that parents understand the  rationale for innovations in the teaching and learning of mathematics (e.g., 

new standards or new teaching approaches) and minimize potential fears and concerns that parents might 

have about these unfamiliar approaches. These strategies could include orga nizing family mathematics nights 

or curriculum nights, sharing specific ways to help with homework, or sending specific family -oriented 

mathematics activities to parents and caregivers to support their studentsɅ learning at home (Hendrickson, 

Siebert, Smit h, Kunzler, & Christensen, 2004; Peressini, 1998). Teachers can also provide resources for family -

focused mathematics -project initiatives such as Family Math (Stenmark, Thompson, & Cossey, 1986), Math and 

Parent Partners (MAPPS) (Civil & Bernier, 2006), an d Multicultural Literature as a Context for Mathematical Problem 

Solving: Children and Parents Learning Together (Strutchens, 2002), and others that have shown how engaging 

with parents as partners in their studentsɅ education can increase their childrenɅs achievement and advance 

equity in mathematics education.  

 

STANDARD C.3. 

STUDENTS AS 

LEARNERS OF 

MATHEMATICS 

Well-prepared beginning teachers of mathematics have 

foundational understandings of studentsɅ mathematical 

knowledge, skills, and dispositions. Th ey also know how 

these understandings can contribute to effective teaching 

and are committed to expanding and deepening their 

knowledge of students as learner s of mathematics.  

 

ϥndicator C.3.1. Anticipate and Attend to StudentsɅ Thinking About Mathematics Content  

Well-prepared beginning teachers of mathematics anticipate and attend to studentsɅ mathematical 

thinking and mathematical learning progressions.  

Understanding how studentsɅ mathematical ideas develop and connect is at the core of mathematics teaching. 

Such understanding rests upon knowledge of the mathematics that comes before and after a given 

mathematics topic (see Standard C.1.4) as well as understanding of studentsɅ informal knowledge, common 

conceptions, and, for topics for which the rese arch knowledge exists, progressions of studentsɅ thinking and 

learning  within the content domain. Well -prepared beginning teachers of mathematics have developed strong 

understandings of studentsɅ mathematical thinking in at least one, and preferably more, well -defined content 

domain(s) (e.g., within number and operations). They are committed to, and know how to, continue their 

learning about studentsɅ mathematical thinking (e.g., by listening to children and their families, through 

continued education and p rofessional learning, by using print or online research/resources).  
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Students come to classrooms with unique mathematical perspectives and experiences. Well -prepared 

beginners know that the quality and focus of their teaching is affected by the depth and de tail of their insight 

into each studentɅs mathematical thinking. They need to learn about studentsɅ informal ideas and invented 

approaches and studentsɅ formal knowledge and understandings as well as how these two types of knowledge 

influence each other . Understanding the ways that students may think about that mathematical content 

enables teachers to honor how studentsɅ work makes sense to them and to think about instructional moves to 

use to best extend studentsɅ thinking (e.g., students come to question whether their mathematical ideas and 

procedures make sense in all cases or over different contexts; Jacobs, Lamb, & Philipp, 2010).  Well-prepared 

beginning teachers therefore first try to see mathematical situations through their studentsɅ eyes rather than 

immediately correcting mathematical errors or demonstrating their approaches. This ability to decenter and 

understand students' thinking is not only useful in planning for instruction but also provides a resource for 

making sense of moment -to -moment inter actions with students.  

To understand students' thinking, well -prepared beginners have two competencies. First, they enter classrooms 

with knowledge of progressions of studentsɅ thinkingɁlevels of thinking through which students advance while 

they learn a specific mathematical topic. They can also access available research -based perspectives on student 

learning. For example, at early levels of thinking about whole and rational number, students may believe that 

no numbers exist between two counting numbers o r that Ɉmultiplication always makes numbers bigger.ɉ For 

beginners, such knowledge is particularly important in content domains prevalent in the curriculum and 

domains crucial for studentsɅ later mathematical success. Well-prepared beginners are disposed t oɁand have 

skills that enable them to Ɂlearn in an ongoing way about studentsɅ ways of thinking related to the 

mathematical domains at their grade levels, including what comes prior and what will follow.  

Second, well -prepared beginning teachers of mathemati cs can assess and analyze students' thinking. They 

examine their studentsɅ varied approaches to mathematical work and respond appropriately. They gather and 

use information available through daily classroom interactions, routine formative assessments, summ aries 

documenting studentsɅ engagement with computer software or tablet applications, summative assessments, 

and standardized tests. Well-prepared beginners know the affordances and limitations of these sources of data 

for understanding student thinking an d look for patterns across data sources that provide a sound basis for 

instructional next steps.  They have the mathematical knowledge and the inclination to analyze written and oral 

student productions, looking for each studentɅs mathematical reasoning even when that reasoning may be 

different from tha t of the teacher or the studentɅs peers. They also enhance their own observations by 

deliberately drawing on the insights of families, professional colleagues, and sources of information from 

beyond the classr oom.  

ϥndicator C.3.2. Understand and Recognize StudentsɅ Engagement in Mathematical 

Practices  

Well-prepared beginning teachers of mathematics understand and recognize mathematical practices 

within what students say and do across many mathematical content domains, with in -depth knowledge 

of how students use mathematical practices in particular content domains.   

Because doing mathematics is at the core of learning mathematics, well -prepared beginners recognize that 

students will present various approaches t o problems, representing them, justifying solutions, and critiquing 

the reasoning of others.  As such, they are inclined to anticipate, analyze, and respond to studentsɅ diverse 

solution strategies. Sets of mathematical practices have been usefully elaborat ed in standards and research 

syntheses over the past few decades to help teachers know what mathematical practices to develop in their 

students (cf. NCTM, 2000; National Governors Association Center for Best Practices & Council of Chief State 

School Office rs [NGA & CCSSO], 2010; NRC, 2001a). Although accomplished teachers have greater breadth of 

knowledge of students' engagement in mathematical practices across many mathematical content domains, 

well -prepared beginners recognize challenges that students may  face when engaging in certain mathematical 
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practices. For example, they know that students may accept arguments that have weak mathematical 

foundations, especially from peers who are their friends or someone they think typically responds correctly.  

Acknow ledging that they are only beginning their careers, well -prepared beginners have an emerging 

understanding of how to nurture development of mathematical processes and practices. They anticipate how 

studentsɅ use of mathematical practices will look and sound within specific grade -band mathematical topics, 

knowing that over years of experience, their knowledge of studentsɅ ways of using mathematical practices will 

expand to more mathematical topics. For instance, well -prepared middle level teachers can descri be how 

middle level students might reason abstractly and quantitatively about algebra, geometry, and statistics. Well -

prepared beginners use their own understanding of mathematical practices responsively when they interact 

with students who may engage in t hose practices differently than they do or are just beginning to develop 

aspects of those practices.   

ϥndicator C.3.3. Anticipate and Attend to StudentsɅ Mathematical Dispositions 

Well-prepared beginning teachers of mathematics know key facets of studentsɅ mathematical 

dispositions and are sensitized to the ways in which dispositions may affect studentsɅ engagement in 

mathematics.  

The ability to engage in mathematics must be coupled with an inclination to see such engagement as 

worthwhile. Teachers need to  know if a student has the disposition Ɉto see sense in mathematics, to perceive it 

as both useful and worthwhile, to believe that steady effort in learning mathematics pays off, and to see oneself 

as an effective learner and doer of mathematicsɉ (NRC, 2001a, p. 131). Well-prepared beginners know about 

these facets of disposition and how to gather information about them from their students. This knowledge 

reaches beyond determining whether students like mathematics and beyond being able to answer studentsɅ 

ɈWhen are we going to use this?ɉ questions. Well-prepared beginning teachers recognize that students may 

attribute mathematical proficiency to innate ability or to the application of effort. They know that these 

dispositions, although strong at times, are not fixed. They also know the ways in which teachers and schools 

can inadvertently  perpetuate unproductive dispositions. With this knowledge, beginners are prepared to teach 

in ways that move the student more toward attributing mathematical learning to eff ort and to extending the 

meaning and usefulness of mathematics in their studentsɅ lives. Finally, well-prepared beginners recognize that 

disposition is a key area for involving families Ɂin challenging the notion that mathematics is inherited and 

providing strategies to help their own children develop positive mathematical dispositions.  

Well-prepared beginners have ways of learning about, and fostering, the mathematical dispositions of students 

to include confidence, flexibility, perseverance, curiosity, se lf-monitoring, and appreciation of mathematics. 

They recognize the effects of their own language, tone, and expectations in influencing dispositions and 

mathematical self -images of their students.  More than just focusing on the kinds of mindsets that stude nts 

develop in the mathematics classroom, well -prepared beginners realize that perseverance can be supported 

when students think that a problem is meaningful. Even though they are well prepared, beginning teachers will 

not initially know the kinds of varia tions that exist in studentsɅ dispositions. They will not initially have many 

ways to integrate attention to mathematical dispositions into what often appears to be a school curriculum 

filled to capacity. With experience, they will develop abilities to ref ine their approaches to learning about 

dispositions of the students they teach Ɂsuch as tailoring their practices to learn about very young students, 

students with special needs, and students with cultural backgrounds that differ from their own. Well -prepar ed 

beginners recognize that such pressures like high -stakes assessment can decrease studentsɅ appreciation and 

confidence and try to minimize such pressures on students.  
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STANDARD C.4. 

SOCIAL CONTEXTS 

OF MATHEMATICS 

TEACHING AND 

LEARNING 

Well-prepared beginning teachers of mathematics realize 

that the social, historical, and institutional contexts of 

mathematics affect teaching and learning and know about 

and are committed to their critical roles as advoca tes for 

each and every student.  

 

Indicator C.4.1. Provide Access and Advancement   

Well-prepared beginning teachers of mathematics recognize the difference between access to and 

advancement in mathematics learning and work to provide access and advancement for every student.  

Well-prepared beginners know the meanings of access and advancement, understanding that denial of access or 

advancement leads to inequities. Access to mathematics is essential for equitable mathematics education. 

Access includes ensuring that students have  opportunities to learn important mathematics taught by qualified 

teachers. Well -prepared beginners recognize that access involves structures in schools and in classrooms and 

recognize classroom practices that threaten access. Access becomes particularly i mportant in the placement of 

students into higher level courses, in which the focus is on doing mathematics rather than practicing 

procedures. But, access also refers to opportunities within a classroom. Well -prepared beginners realize that 

access is increased when students can approach a problem from multiple routes (e.g., using a method that is 

familiar to solve the problem) or when they use curriculum materials that include high -quality, meaningful tasks 

that go beyond the basic skills often tied to stan dardized testing. Access is threatened when false hurdles are 

inherent in the system (e.g., denying access to calculators until students master particular skills such as basic 

facts).  

Advancement is the opportunity to go beyond grade -level expectations to  learn additional content.  

Advancement includes participating in an advanced group in elementary schools, taking algebra prior to ninth 

grade, taking advanced or college -level courses in high school, and pursuing additional courses or taking 

honors section s of courses. Well -prepared beginners are prepared to advocate for equitable practices for  

identifying students for advanced study, recognizing the inadequacy of defining success solely by the teacher or 

standardized tests but also the goals that students hold for themselves, especially students who are Black, 

Latinx, American Indian, emergent multilinguals, or students of any ethnicity living in poverty (Gutiérrez, Bay -

Williams, & Kanold, 2008).  

Indicator C.4.2.  Cultivate Positive Mathematical Identities   

Well-prepared beginning teachers of mathematics recognize that their roles are to cultivate positive 

mathematical identities with their students.  

All mathematics teachers are identity workers in that they contribute to the kinds of identities students de velop 

both inside and outside the classroom (Gutiérrez, 2013b). Students harbor perceptions about what someone 

who is good at mathematics Ɉlooks likeɉ more so than for most subjects ; even very young students can identify 

who in their classrooms are Ɉgoodɉ at mathematics, often choosing those who are quick to recall facts or 

perform algorithms. Well -prepared beginners know that research and standards provide a different description 

of what being "good at mathematics" entails. For example, Adding it Up (NRC, 2001a) described a productive 
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disposition as Ɉthe inclination to see mathematics as sensible, useful, and worthwhile, coupled with a belief in 

diligence and oneɅs own efficacyɉ (p. 116). Well-prepared beginners seek to actively position all learners as 

mat hematical doers. They understand that developing positive mathematical identities begins with focusing on 

robust goals for what is important to know and be able to do in mathematics and includes doing mathematics 

for oneɅs own sake, not just to score well on mathematics tests.  

Well-prepared beginners analyze their task selections and implementation, reflecting on the ways they may 

shape students' mathematical identities. In addition to considering the extent to which the mathematics of the 

task positions l earners as doers, well -prepared beginners consider the contexts of tasks. Contexts such as 

baseball, rocket launching, or farming may privilege a particular group of students who are familiar and 

interested in that context.  Some classroom practices, such a s board races and timed tests, have long -standing 

history in U.S. classrooms, despite the fact that they exclude those who need more processing time while also 

communicating that those who are fast are good at mathematics.   

Additionally, well -prepared begi nners understand that how students' peers and teacher s listen to and respect 

their ideas affects studentsɅ emerging mathematical identities (Aguirre et al., 2013). For example, posing higher 

level questions to students perceived by the teacher as more capa ble, though perhaps unintentional, can 

negatively affect the development of positive mathematical identities for those students who are not asked 

such questions. Similarly, students' failure to attend to one from whom they do not expect a good strategy or to 

take up the ideas of some group members shapes studentsɅ mathematical identities. ϥssues of power and 

privilege arise when students judge the validity of mathematical work more on the bases of racial and gender 

stereotypes of good mathematics students t han on the ideas presented (Esmonde & Langer -Osuna, 2013). 

Well-prepared beginners view their planning, teaching, and assessment as Ɉidentity-in-the -makingɉ (Gutiérrez, 

2013a, p. 53), resisting explanations that position a student as inferior or on the mar gins of the classroom 

culture when they do not participate in the ways expected; these teachers focus instead on how to adapt 

classroom practices to better support each studentɅs development of a positive mathematical identity.  

Indicator C.4.3. Draw on St udentsɅ Mathematical Strengths  

Well-prepared beginning teachers of mathematics identify and implement practices that draw on studentsɅ 

mathematical, cultural, and linguistic resources/strengths and challenge policies and practices grounded in deficit -

based thinking.  

When teachers are faced with students who think or speak differently from the mainstream, they may 

inadvertently seek to remedy those differences rather than seeing them as strengths and resources upon 

which to build. Educators wit h deficit -based thinking assume that students are lacking in something; such 

thinking pervades education policy and practice (Valencia, 2010). Every student enters the classroom with 

mathematical, cultural, and linguistic strengths that support his or her learning of mathematics. Well -prepared 

beginners value and notice these funds of knowledge (Moll , Amanti, Neff, & Gonzalez , 1992) and draw upon them 

in ways that help every learner in the classroom. For example, students from other countries are able to of fer 

algorithms that are mathematically correct but unknown to the U.S. students and can underscore the value of 

different approaches to problem solving or different representations of work (Gutiérrez, 2015; Perkins & Flores, 

2002).  

Well-prepared beginners  also realize that supporting the mathematical learning of emergent multilinguals 

means attending to language and familiar contexts and experiences that promote conjecturing, reasoning, 

sense making, and convincing others of mathematical claims so that mul tilingual students will be encouraged 

to use their language skills and become valued members of the mathematics classroom (Dominguez, 2011; 

Moschkovich, 2012). When working with indigenous students, teachers need to consider how a communityɅs 

needs along w ith different ways of knowing may influence representations and the reasons for doing 

mathematics outside of school (Meaney, Trinnick, & Fairhall, 2013; Wagner & Lunney Borden, 2015).  
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Teachers' beliefs about students can profoundly affect their rationales  for student success and failure as well as 

the decisions teachers make to invest in studentsɅ learning. Researchers who ask teachers to assess the abilities 

of Latinx and Black students generally show significant bias toward negative stereotypes and low e xpectations 

(Baron, Tom, & Cooper, 1985; Chval & Pinnow, 2010), and many teachers believe that the achievement gap is at 

least partially genetic (Bol & Berry, 2005). Well -prepared beginners are prepared to challenge deficit -based 

thinking in schools and re flect on their own practices in terms of building upon the cultural, linguistic, and 

unique ways of knowing of their students.  

Indicator C.4.4. Understand Power and Privilege in the History of Mathematics Education  

Well-prepared beginning teachers of math ematics understand the roles of power, privilege, and 

oppression in the history of mathematics education and are equipped to question existing educational 

systems that produce inequitable learning experiences and outcomes for students.  

Schools do not exis t in a vacuum; administrators and teachers implement policies and practices on the basis of 

the historical contexts of their schools. Therefore well -prepared beginners must be aware of the national, state, 

district, and school contexts for educating studen ts and be ready to engage in conversations to address 

inequitable learning experiences. Well -prepared beginners are cognizant of national reform movements in 

mathematics education, including the strides and challenges in affording every student a quality m athematics 

education. For example, well -prepared beginners need to be familiar with current challenges in mathematics 

education; experts acknowledge that too many students who are Black, Latinx, American Indian, emergent 

multilingual students, or living in poverty are not being educated well in mathematics. Well -prepared beginners 

are abreast of professional standards documents such as the NCTM Standards (2000, 2014) and Common Core 

State StandardsɀMathematics (CCSSɀM) (NGA & CCSSO, 2010); they realize how these documents have evolved to 

include more (or less) attention to  equitable teaching practices (e.g., principles, position statements). At the 

state and district levels, a well -prepared beginner seeks to learn about the demographic trends in their districts, 

segregation and re -segregation policies that result in unequal  educational experiences, and the adoption of 

various textbook and instruction policies. By understanding the historical context of education, well -prepared 

beginners can learn from past successes and contribute to solving current challenges to advocate fo r students.  

Well-prepared beginners not only know the historical context of mathematics education but also understand 

that mathematics operates with power and privilege in society. As such, well -prepared beginners are 

knowledgeable of mathematics education  as part of a broader system of mechanisms used to determine what 

is valued, what is right, and what is normal in society (Valero, 2009). Although expert teachers of mathematics 

are well grounded in literature that presents strategies for transforming scho oling for students who have 

historically been denied access to a quality mathematics education and implement these practices in their 

classrooms and schools (e.g., Berry, 2008; Gutstein, 2006; Leonard & Martin, 2013; Rodriguez & Kitchen, 2005), 

well -prepar ed beginners have read and know how to access such literature and recognize the importance of 

implementing practices to empower each and every student. They are prepared to ask questions as needed to 

understand current policies and practices and to raise a wareness of potentially inequitable practices. These 

practices are particularly important related to students who are Black, Latinx, American Indian, emergent 

multilingual, or students living in poverty because they are overrepresented in classrooms in whi ch skill -based 

instruction, worksheets, and computer programs are emphasized instead of problem -solving lessons and high -

cognitive -demand tasks (Oakes, 2008). For example, well -prepared beginners might ask how students are 

recommended and placed in gifted and remedial/intervention programs , whether the placement of students 

across various programs is representative of the school population, who determines the type of instructional 

materials that are available to students to support their learning of rigorou s mathematics, and how information 

regarding various mathematics programs is communicated to parents.  
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Indicator C.4.5. Enact Ethical Practice for Advocacy  

Well-prepared beginning teachers of mathematics are knowledgeable about, and accountable for, 

enacting ethical practices that enable  them to advocate for themselves and to challenge the status quo 

on behalf of their students.  

The Council for the Accreditation of Educator Preparation (CAEP , 2013), Mathematics Teacher Education 

Partnership ( 2014), and others have cited the importance of teacher dispositions, including ethical practices. To 

develop into accomplished teachers who affect not just education but also the lives of their students, well -

prepared beginners must engage in ethical practices and adv ocacy. In ethical practice professional decisions 

and actions are guided by a set of principles of mutual respect, integrity, and a sense of justice, not simply 

external measures of quality teaching like studentsɅ test scores or teacher evaluations. Well-prepared beginners 

exercise ethical practice in decision making and teaching when working with children, families, and colleagues, 

including the elimination of deficit -based thinking, integration of family/community funds of knowledge into 

lesson design and  implementation, attention to cultural differences, and protection of the rights of privacy.  

Well-prepared beginners recognize the need to challenge previous functions of school mathematics and the 

messages conveyed to students and the greater public thro ugh school mathematics. Messages to be 

challenged include the following: ɈBeing good at mathematics is a sign of intelligence"; Ɉsome students are good 

at mathematics whereas others simply are not"; Ɉmathematics is a natural/pure way of doing things"; Ɉdoing 

mathematics does not involve emotions, values, or the body"; and Ɉall students should aspire to STEM careers.ɉ 

Well-prepared beginners recognize their advocacy role s in teaching, realizing that when teachers fail to take 

action, students, families, coll eagues, and others may be harmed.  

Well-prepared beginners demonstrate the understanding that teachers who are successful advocates for 

students challenge the status quo by developing principled and just ethical practices; they hold themselves and 

others accountable. Rather than simply reflecting on or analyzing teaching, well -prepared beginners accept that 

teaching is a political activity (Schoenfeld, 2010) and are prepared to take action in the classroom, at school 

meetings, in professional settings, wit h families and the wider community, and in other spaces to advocate for 

meaningful and robust mathematical student identities and experiences. This knowledge prepares well -

prepared beginners to develop language and effective ways of working with allies, ch oosing their battles 

appropriately, and being creative and strategic in response to practices and policies that demean students and 

teachers. Teachers who successfully advocate for students realize that teaching sometimes requires acts of 

creative insubord ination (Gutiérrez, 2015). That is, driven by higher ethics, successful beginning teachers are 

prepared to re -interpret school rules and practices that are not in the best interests of providing their students 

meaningful and humane mathematical experiences . 

CLOSING REMARKS 

In this chapter, we present ed four equally important standards (with sets of indicators) to describe the 

knowledge, skills, and dispositions that well -prepared beginners have upon completion of their preparation 

programs. These standards are not discrete lists but are interrelated and  interdependent. For example, one 

cannot support the mathematical learning for each student, without having knowledge of content, pedagogical 

skill, and awareness of social contexts.  Setting such high expectations for beginning teacher of mathematics is 

critical to the success of P re-Kɀ12 students. For candidates to reach these goals requires strong preparation 

programs, the focus of Chapter 3.  
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CHAPTER 3. PROGRAM CHARACTERISTICS TO 
DEVELOP CANDIDATE KNOWLEDGE, SKILLS, AND 
DISPOSITIONS  

Teacher preparation programs can take various forms, such as undergraduate degree programs in education 

(or a related field) leading to initial certification or licensure, fifth -year programs (possibly leading to a graduate 

degree) designed for persons with relev ant undergraduate degrees to gain initial certification or licensure, and 

non -degree programs offered by institutions of higher education, school districts, or other providers designed 

to enable prospective teachers to attain initial certification or licen sure. Moreover, these programs may be 

specific to mathematics (often focusing on the middle or high school levels) or may lead to more general 

certifications that include mathematics (such as early childhood or elementary grades, as well as special 

educati on). Whatever the structure of the program, it should meet the program standards described in this 

document to ensure that its completers attain the standards of knowledge, skills, and dispositions needed by a 

well -prepared beginning teacher of mathematics . 

Within this chapter, we often refer to courses. We define courses to include university or college courses -for -

credit as well as other intensive, ongoing activities that provide equivalent opportunities for professional 

learning. A learning experience ca n be considered equivalent to a course, however, only if it includes rigorous 

goals and objectives and incorporates related assessments to ensure that candidates have met those goals and 

objectives.  

In Chapter 2, we described standards and indicators denot ing the knowledge, skills, and dispositions needed by 

well -prepared beginning teachers of mathematics. In this chapter, we describe standards and indicators for 

teacher preparation programs to ensure that their students meet those standards. Additional exp ectations 

specific to a particular grade -band are provided in Chapters 4 through 7 as elaborations .  

ORGANIZATION OF THIS CHAPTER 

In this chapter the characteristics of effective mathematics teacher preparation programs are described in five 

sections. In t he first section, the important role of partnerships among stakeholders in ensuring the effective 

preparation of mathematics teachers is described. In the second, the opportunities to learn mathematics for 

teaching that need to be provided to candidates ar e elaborated, whereas in the third, we describe opportunities 

to learn to effectively teach the mathematics that candidates need. The fourth addresses candidatesɅ 

opportunities to learn in clinical settings . In the fifth, we discuss effective practices for  recruiting (and retaining) 

candidates into mathematics teacher preparation.  

Each standard includes a number of more specific indicators for that standard, along with accompanying 

explanations. These standards and indicators apply for all well -prepared beg inning teachers of mathematics 

from prekindergarten through high school. Although examples from a particular grade -band may be included 

to help explain a standard or indicator, Chapters 4 through 7 will provide additional explanation, as 

appropriate, to ad dress the specialized needs for preparing mathematics teachers at a given grade level.  
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TABLE 3.1. STANDARDS AND RELATED INDICATORS FOR EFFECTIVE PROGRAMS FOR PREPARING 

BEGINNING TEACHERS OF MATHEMATICS 

STANDARD RELATED INDICATORS 

P.1. Partnerships  

An effective mathematics teacher preparation program 

has significant input and participation from all 

appropriate stakeholders.  

P.1.1. Engage All Partners Productively  

P.1.2. Provide Institutional Support  

P.2. Opportunities to Learn Mathematics  

An effective mathematics teacher preparation program 

provides candidates with opportunities to learn 

mathematics and statistics that are purposefully 

focused on essential big ideas across content and 

processes that foster a coherent understand ing of 

mathematics for teaching.  

P.2.1. Attend to Mathematics Content Relevant to 

Teaching 

P.2.2. Build Mathematical Practices and Processes  

P.2.3. Provide Sustained, Quality Experiences  

P.3. Opportunities to Learn to Teach Mathematics  

An effective mathematics teacher preparation program 

provides candidates with multiple opportunities to 

learn to teach through mathematics -specific methods 

courses (or equivalent professional learning 

experiences) in which mathematics, practices for 

teaching mathematic s, knowledge of students as 

learners, and the social contexts of mathematics 

teaching and learning are integrated.  

P.3.1. Address Deep and Meaningful Mathematics 

Content Knowledge  

P.3.2. Provide Foundations of Knowledge About 

Students as Mathematics Learne rs 

P.3.3. Address the Social Contexts of Teaching and 

Learning  

P.3.4. Incorporate Practice -Based Experiences 

P.3.5. Provide Effective Mathematics Methods 

Instructors  

P.4. Opportunities to Learn in Clinical Settings  

An effective mathematics teacher preparation program 

includes clinical experiences that are guided on the 

basis of a shared vision of high -quality mathematics 

instruction and have sufficient support structures and 

personnel to provide coherent, developmentally 

appropriate opportunities fo r candidates to teach and 

to learn from their own teaching and the teaching of 

others.  

P.4.1. Collaboratively Develop and Enact Clinical 

Experiences 

P.4.2. Sequence School-Based Experiences 

P.4.3. Provide Teaching Experiences With Diverse 

Learners  

P.4.4. Recruit and Support Qualified Mentor Teachers 

and Supervisors  

   

P.5. Recruitment and Retention of Teacher Candidates  

An effective mathematics teacher preparation program 

attracts, nurtures, and graduates high -quality teachers 

of mathematics who are representative of diverse 

communities.  

P.5.1. Recruit Strong Candidates  

P.5.2. Address Diverse Community Needs  

P.5.3. Provide Experiences and Support Structures  



 

 STANDARDS FOR PREPARING TEACHERS OF MATHEMATICS  27 

 

STANDARD P.1. 

PARTNERSHIPS 

An effective mathematics teacher preparation program has 

significant input and participation from all appropriate 

stakeholders.  

The Council for the Accreditation of Educator Preparation (CAEP) (201 3) has described the need for and 

characteristics of effective partnerships. The Association of Public Land -Grant UniversitiesɅ (APLU) Mathematics 

Teacher Education Partnership has developed Guiding Principles for Secondary Mathematics Teacher 

Preparation Programs (Mathematics Teacher Education Partnership, 2014) to provide guidance to educators in 

partner institution s to educate secondary mathematics teachers. These and other documents can help guide 

the establishment of the partnership.  

Strong partnerships engage all partners in developing a common vision and identifiable goals. As argued by the 

National Association for Professional Development Schools (2008), a common vision must be focused on Ɉthe 

advancement of the education profession and the improvement of P -12 learningɉ (p. 3). More specifically, this 

vision should lead to identifiable goals that promote Ɉprofessional growth across the continuum of preservice 

teacher candidates, in -service educators, and college/university faculty and administratorsɉ (p. 4).  

While members of the partnership may include a broad range of stakeholders, the partnership must include 

mathematics teacher educators and researchers, their teacher preparation colleagues, Pre -Kɀ12 educators and 

administrators, mathematicians, statisticians and statistics educators, community -based organizations and 

community members, and representatives fro m business and industry. Leadership for creating and sustaining 

the partnership will typically fall to the mathematics teacher educator.  

We envision this group working within a professional council of stakeholders. This council is responsible for 

reviewin g the partnership and verifying that the partnership is inclusive of all stakeholders. Partners recognize 

that for a collaboration to be successful, it must have systematic ways of verifying that the partnership is 

mutually beneficial.  

Indicator P.1.1. Eng age All Partners Productively  

An effective teacher preparation program benefits from an interdisciplinary collaborative partnership 

that is a shared endeavor focused on the preparation of mathematics teachers who are well prepared to 

improve Pre -Kɀ12 stud ent learning in mathematics from multiple perspectives.  

These types of partnerships inform different facets of mathematics teacher preparation based on  the wisdom 

of practice and solid theoretical and research -based knowledge and do so in concert with practitioners to 

prepare effective mathematics teachers for work in diverse schools.  

Mathematics teacher educators (MTEs) provide leadership to ensure that the partners recognize the 

complex nature of mathematics teaching and learning and respect the contr ibutions needed from each 

partner. MTEs play a central role in ensuring that the program supports the preparation of well -prepared 

beginners. The partnership is enhanced by the contributions of research scholars who ensure that the program 

is designed usin g the best available knowledge.  

The partnership includes active participation by faculty who teach mathematics and statistics  courses. 

According to The Mathematical Education of Teachers II (MET II, CBMS, 2012),ɈTeacher education should be 

recognized as an  important part of a mathematics departmentɅs mission and should be undertaken in 

collaboration with mathematics education facultyɉ (p. 19). In addition,  ɈProspective teachers need mathematics 

courses that develop a solid understanding of mathematics they will teach;ɉ further, mathematics departments 
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should offer a minimum of  Ɉthree courses with a primary focus on high school mathematics from an advanced 

viewpointɉ (p. 62). When these criteria are met, an institutionɅs mathematics teacher educators are positioned 

to partner with mathematics and statistics faculty to ensure that both mathematics courses and mathematics 

education courses are designed to educate well -prepared beginning teachers.  Some students in undergraduate 

teacher preparation programs begin their higher education at a community college, where they may be taking 

required mathematics courses for the program. Thus, it is important that partnerships also be formed with 

mathematics and statistics faculty at community colleges, to ensure that the c ontent courses they offer meet 

the needs of prospective teachers of mathematics.  

An effective partnership requires collaboration with faculty  in social foundations, special education, 

educational psychology, educational leadership, and learning technologie s as well as faculty in other disciplines 

who teach courses in teacher preparation, such as statistics educators and engineering educators.  

The engagement of Pre-Kɀ12 school -based personnel  is essential to the partnership. Through shared 

responsibility, m athematics teacher preparation programs can integrate coursework, theory, and pedagogy. 

The partnership must  ensure that future teachers have high -quality school -based experiences that are needed 

to educate well -prepared beginners and support the developme nt of candidatesɅ skills as related to the needs 

of schools and school districts. Similarly, close cooperation with preparation programs helps districts hire 

teachers who are prepared to be effective in their schools. Building these partnerships not only s upports 

candidates Ʌ learning but also deepens classroom teachersɅ knowledge of mathematics content and pedagogy to 

support their studentsɅ learning.  

Families and community leaders  are important but often overlooked participants in teacher preparation 

part nerships. When mathematics teacher educators collaborate with families and leaders in the community, 

they can design learning experiences that help prepare teachers to better understand family and community 

cultural perspectives, the various activities and  responsibilities students have in their homes and communities, 

the kinds of mathematics that are performed by community members in their jobs, and the values that are 

highly regarded. In this way, mathematics teacher educators can help the beginning teach er to reflect on and 

build lessons and classroom cultures that support students to be themselves and be experts in ways that 

others in the classroom (including the teacher) may not be.   

Members of an effective partnership collaborate with families and comm unity leaders  to create activities that 

are immediately and mutually beneficial for the beginning teacher and students. Such activities could include 

students' learning mathematics with and from beginning teachers and others in community spaces (e.g., publ ic 

libraries, Boys & Girls clubs, community centers, or places of worship).  

Partnering with business and industry representatives  helps candidates see the uses of mathematics, 

technology, and statistics in real -world contexts and ways these partners can as sist in supporting students and 

teachers in l earning more about these uses.  

Indicator P.1.2. Provide Institutional Support  

Institutional commitment for a strong mathematics teacher education program includes institutional 

support for mathematics teacher e ducatorsɅ career trajectories and appropriate rewards for both their 

institution and school -based partners.  

To have a high -quality teacher preparation program, an institution must provide the resources and the support 

needed to achieve this vision. In par ticular, the preparation programɅs reward structures, including awards, 

commendations, salaries, and promotion and tenure criteria , must clearly support this work. Mathematics 

teacher preparation cannot be viewed as a duty or chore delegated to graduate as sistants or instructors but 

rather a core activity of all involved departments.  
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Institutions m ust support program -improvement activities, including supporting mathematics teacher 

educatorsɅ attendance at relevant professional conferences so they may learn about other high -quality 

programs. For example, attending any or all of the following could expand faculty membersɅ awareness of 

effective program components: the annual meeting s of the Association of Mathematics Teacher Educators 

(AMTE), the Council of Exceptional Children (CEC) Teacher Education Division (TED), and the Professional 

Development Schools (PDS) conference.  

Institutions must provide resources necessary to support teaching and learning.  Mathematics teacher 

educators need access to the materia ls vital to teaching mathematics in Pre -Kɀ12 schools to prepare beginning 

teachers for the classrooms in which they will teach. For example, faculty teaching a mathematics methods 

course should have access to textbooks, online resources, and other instruct ional materials used by Pre -Kɀ12 

teachers in their area to help beginning teachers learn to use curriculum materials effectively.  

Education Preparation Providers (EPPs) must value the work involved in developing and improving mathematics 

teacher education programs. Such work includes communication and collaboration with stakeholders, 

program -assessment work, and work related to program reviews and meeting program standards. This 

important work must  be valued in the promotion and tenure process.  

 

STANDARD P.2. 

OPPORTUNITIES 

TO LEARN 

MATHEMATICS 

An effective mathematics teacher preparation program 

provides candidates with opportunities to learn mathematics 

and statistics that are purposefully focused on essential big 

ideas across content and processes that foster a coherent 

understandi ng of mathematics for teaching.  

Developing candidatesɅ knowledge of mathematics concepts and practices relevant to teaching must be a 

priority in an effective teacher preparation program, and developing such knowledge is a car eer-long endeavor. 

As addressed in the preface, we use the term mathematics to encompass mathematics and statistics because 

school mathematics teachers are responsible for instruction in both content areas of mathematics and 

statistics. In instances in whi ch the distinction between mathematics and statistics is important, statistics is 

identified separately. Within a mathematics teacher preparation program, a variety of individuals provide 

opportunities for candidates to learn mathematics content. Regardles s of their departmental affiliation s or 

academic background s, whether they are employed by a university or a school district, each of these individuals 

must  be considered part of the community of mathematics teacher educators. The responsibility for ensuri ng 

appropriate opportunities for candidates to learn mathematics is the joint responsibility of all such 

mathematics teacher educators.  

The NCTM/CAEP Standards (NCTM & CAEP, 2012a, 2012b ) describe specific content requirements for secondary 

mathematics can didates, and The Mathematical Education of Teachers II (MET II) (CBMS, 2012) and Statistical 

Education of Teachers (SET) (Franklin et al., 2015) provide specific guidance on the mathematics courses required 

for teaching at the elementary, middle, and high school levels; these requirements and guidelines are 

summarized in Table 3.2. We take these recommendations as the minima for effective mathematics 

teacher preparation. More detailed discussion of the mathematics -content expectations is provided in 

Chapter s 4 through 7 of this document.  
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TABLE 3.2. MINIMUM MATHEMATICS CONTENT PREPARATION FOR TEACHER CANDIDATES 

Mathematical Education of Teachers II  (2012) Statistical Education of Teachers  (2015) 

Pre -KɀGrade 5  

Twelve semester -hours of mathematics and statistics 

courses focused on a careful study of mathematics 

associated with the CCSS-M (Kɀ5 and related aspects 

of 6ɀ8 domains) ( NGA & CCSSO, 2010) from a 

teacherɅs perspective. 

A minimum of six weeks of instructio n 

included in the coursework.  

Grades 6ɀ8 

Mathematics and statistics courses designed for 

future middle level teachers, including those with a 

focus on number and operations (6 semester -hours); 

geometry and measurement (3 semester -hours); 

algebra and numb er theory (3 semester -hours); 

statistics and probability (3 semester -hours); and a 

further 9 semester -hours of other mathematics and 

statistics courses selected from available offerings, 

such as introductory statistics, calculus, number 

theory, discrete ma thematics, history of 

mathematics, and mathematical modeling.  

Two courses in statistics (to be 

incorporated with courses from MET II) 

High School  

The equivalent of an undergraduate major in 

mathematics (including statistics) that includes three 

courses with a primary focus on high school 

mathematics from an advanced viewpoint.  

Three courses in statistics that include a 

data -analytic and simulation -based 

approach with a focus on statistical 

models and inference (to be incorporated 

in the undergraduate major)  

 

Indicator P.2.1. Attend to Mathematics Content Relevant to Teaching  

An effective mathematics teacher preparation program provides opportunities for candidates to learn, 

with understanding and depth, the school mathematics and statistics content t hey will teach.  

Opportunities to learn mathematics content needs to be required of all who are preparing to teach 

mathematics or to support student learning of mathematics. That is, in addition being directed to early 

childhood, upper elementary school, m iddle and high school mathematics teachers, these standards are 

directed toward general education teachers at the early childhood and upper elementary level, special 

education teachers, teachers of emergent multilingual learners , mathematics specialists, a nd all others who will 

have responsibility for aspects of student learning in mathematics. However, the preparation needs for these 

particular specializations vary. We echo the recommendation of the MET II report (CBMS, 2012, p. 37): ɈSpecial 

education tea chers and ELL teachers who have direct responsibility for teaching mathematics (a core academic 

subject) should have the same level of mathematical knowledge as general education teachers in the subject.ɉ 

As with all teachers, they must understand not only  the mathematics they will teach at a deep level but also 

mathematics taught before and after that grade (CBMS, 2012). Further details about this recommendation at 

various grade levels are included in Chapters 4 ɀ7.  
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Programs that are focused on the mathema tical content knowledge of beginning teachers of mathematics 

directly address the issue of equity. All students deserve teachers who possess the content knowledge they 

need to teach well. By ensuring that those who complete teacher preparation programs hav e strong content 

knowledge, understanding of the practice of mathematics, and positive mathematics identities, programs are 

promoting a teaching workforce that provides an equitable education for each and every student. Of course, 

this outcome is achievabl e only if it is accompanied by the perspective that the purpose of teaching 

mathematics is to meet the needs of each and every learner. Too often, mathematics is used as a sorting  

subject, one that separates those who can from those who cannot. That belief  has a place neither in content 

courses nor in other content -focused experiences for teachers. Instructors of mathematics and statistics 

content courses should teach in a way that engenders positive mathematics identities.  

Indicator P.2.2. Bui ld Mathemati cal Practices and Processes  

An effective mathematics teacher preparation program provides opportunities for candidates to learn 

mathematics that enable them  to  engage in mathematical practices and processes that are appropriate 

to the content being studied.  

Mathematics includes more than learning appropriate content. Effective mathematics teacher preparation 

programs ensure that candidates are immersed in mathe matical practices and processes of reasoning, sense  

making, and problem solving. CandidatesɅ mathematical experiences include continued emphasis on reasoning 

abstractly and quantitatively, explaining their thinking, and analyzing the thinking of others. Wh en the content 

lends itself to such practices and processes, opportunities to learn include seeing structure and generalizing. 

Mathematical modeling Ɂusing mathematics to analyze real -world situations Ɂreceives continued attention 

throughout the program. Pro grams also provide explicit opportunities for candidates to understand statistical 

ways of thinking and to understand the range of habits of mind in both mathematical thinking and statistical 

thinking (Chance, 2002). Programs provide opportunities for cand idates to make mathematical connections 

between various approaches to solving problems and opportunities for candidates to make connections 

between mathematics and other disciplines. Effective programs provide specific opportunities for candidates  to  

use technology to engage in mathematics and statistics. For example, visualizations of a data set can help 

students better understand patterns within a data set, and spreadsheets can help students create models of 

mathematical situations, thus supporting the de velopment of mathematical practices and processes. 

ɈMathematical action technologiesɉ used to Ɉperform mathematical tasks" or "respond to the userɅs actions in 

mathematically defined waysɉ (Dick & Hollebrands, 2011, p. xii) support the development of candidatesɅ deep 

conceptual understanding through use of mathematical practices and processes.  

In effective programs, mathematics content is taught using mathematics teaching methods that serve as 

models of effective mathematics teaching for candidates. Profess ional organizations representing the 

mathematics community recognize the benefits of active learning in mathematics (e.g., CBMS, 2012; MAA, 

2015/2016). Active learning in STEM disciplines improves learning (Freeman et al., 2014). In such settings, 

learners  are typically provided challenging tasks that promote mathematical problem solving and are provided 

opportunities to discuss their thinking in small and full -group discourse, thus promoting important 

mathematical practices (Webb, 2016). Effective programs  structure opportunities so that candidates learn 

mathematics by using such active learning strategies. In this way, candidates experience learning mathematics 

using methods that are consistent with the methods they should use as teachers.  

The instructorɅs choices about how to address mathematical practices and processes are transparent in 

effective programs. Often undergraduate students (in this case teacher candidates) focus only on the 

mathematical products without considering the underlying mathematical  practices leading to those products. 

Effective mathematics instructors emphasize the development of those mathematical practices. In effective 

programs, mathematics teacher educators explicitly identify and address these mathematical practices for 

those l earning to teach mathematics.  
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Effective programs focus on building mathematical practices and processes in a manner that honors the social 

context of teaching and learning mathematics. Those who teach mathematics courses in effective programs 

model equitab le practices, including making apparent underlying beliefs about the role of each individual in the 

classroom community. For example, in mathematics as a discipline, argument  is valued as the way to find 

mathematical truth, but society does not always valu e argument from boys and girls equally. Without explicit 

classroom attention to mathematical argumentation, effective programs risk diminishing the opportunities 

candidates have to engage in the mathematical practice of constructing viable arguments. Effec tive programs 

help teacher candidates who have been successful in the prevailing mathematical culture understand that 

though mathematics seems to be objective, bias is inherent because it is a human endeavor.  

Indicator P.2.3. Provide Sustained, Quality Ex periences  

An effective mathematics teacher preparation program provides multiple and high -quality opportunities 

for candidates to learn mathematics relevant to teaching in varied settings across the program.  

Mathematics content experiences need to  be in -depth, focused, and enacted in varied settings; they should not 

be diluted, superficial, or limited solely to college classrooms. Assigning one course or even a sequence of 

courses as an isolated experience does not fulfill the spirit of this standard; eng agement with rich content 

opportunities must  be coupled with ongoing integrated learning experiences in mathematics, such as analyzing 

mathematics content within the context of designing a mathematics lesson for a methods class or clinical 

experience. Prog ram personnel must acknowledge that deep understanding of mathematics content and 

practice includes a sustained focus on mathematical ideas throughout all aspects of the program. Mathematics 

methods or pedagogy courses must  be specifically focused on the t eaching of mathematics with clear attention 

to correct mathematics content and productive mathematical practices and processes (i.e., ways of engaging in 

mathematics). Field experiences and induction experiences must  also include a focus on the teaching of  

important mathematical content, with content -specific rubrics used to evaluate lessons in observations by 

mentor teachers and university supervisors. As discussed in indicator P.2.2, mathematics content courses 

should be taught using teaching methods that  serve as models of effective instruction. Effective programs  instill 

in beginning teachers the understanding that they will continue to learn mathematics throughout their careers 

while they make the transition from learning mathematics to joining the prof ession as teachers of mathematics.  

Effective programs provide candidates opportunities to learn mathematics by studying mathematics curriculum 

materials (Davis & Krajcik, 2005). In addition, effective programs provide opportunities for candidates to learn 

mathematics in collaboration with their colleagues as part of a learning community (NCTM, 2014 a).  

Opportunities to learn mathematics relevant to teaching may come in mathematics courses and may also be 

included in other aspects of the program, including c linical experiences, methods courses, involvement in 

professional mathematics education organizations (local, state, or national), tutoring, service learning, clubs, or 

research experiences, when these aspects are focused on school mathematics content.  
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STANDARD P.3. 

OPPORTUNITIES TO 

LEARN TO TEACH 

MATHEMATICS 

An effective mathematics teacher preparation program 

provides candidates with multiple opportunities to learn  to 

teach through mathematics -specific methods courses (or 

equivalent professional learning experiences) in which 

mathematics, practices for teaching mathematics, 

knowledge of students as learners, and the social contexts 

of mathematics teaching and learning are integrated.  

Although many configurations for programs address opportunities  to learn to effectively teach mathematics, 

we use the phrase mathematics methods courses to refer to specific types of courses that are neither 

mathematics courses nor general pedagogy/methods courses but instead lie at the intersection and focus on 

the p edagogy associated with teaching mathematics. As such, mathematics methods courses must be based on 

the particular nature of the discipline of mathematics ( CBMS, 2012) as well as issues associated with effective 

teaching of mathematics. In some programs, e quivalent opportunities for professional learning may be 

provided in ongoing activities that include rigorous goals and objectives, and related assessments that ensure 

that candidates have met those goals and objectives. Opportunities to deeply learn funda mental mathematics 

simultaneously with issues of pedagogy are critical for prospective mathematics teachers (Steele & Hillen, 

2012). The four indicators in this section, although listed separately, should be viewed in an integrated manner 

as key components  of mathematics methods courses.  

Indicator P.3.1. Address Deep and Meaningful Mathematics Content Knowledge  

An effective mathematics teacher preparation program provides mathematics methods courses or 

related experiences that represent mathematics as a us eful, challenging, and interesting discipline.  

Because many candidates enter mathematics methods courses (or equivalent professional learning 

experiences) without having deeply conceptualized all the mathematics they will be responsible to teach, 

mathematics methods courses in effective mathematics teacher preparation programs present multiple 

opportunities for candidates to reconsider and deepen their mathematical understandings as both learners of 

mathematics and as mathematics teachers. If the a pproach taken to mathematics is solely or primarily 

procedural, the other worthy goals of the methods course will be subservient to propagating a widely held 

practice that mathematics, instead of fundamentally being about engaging in ways of reasoning abou t 

quantitative and spatial concepts and principles, is fundamentally about learning to memorize mathematical 

facts and carry out procedures (Hiebert et al., 2005).  

In effective programs, candidates not only learn mathematics concepts and procedures but als o develop 

productive mathematical dispositions. Teacher candidates come with years of experience as mathematical 

learners and some may hold unproductive beliefs about mathematics and mathematics teaching and learning. 

Therefore productive mathematical disp osition is the oft -missing strand of mathematical proficiency, and 

mathematics methods courses in effective programs support candidates in developing richer and more positive 

mathematical dispositions.  

Mathematical tasks are central to mathematical reason ing, and rich mathematical tasks emphasizing high 

cognitive demand (Stein, Smith, Henningsen, & Silver, 2000) must be an integral component of mathematics 

methods courses. However, even rich mathematical tasks are often rendered devoid of most of their 

mat hematical richness when teachers over -scaffold, thereby leading students through the task without 

focusing on the underlying thinking and reasoning that the tasks were intended to evoke. In effective programs, 

candidates in mathematics methods courses not only engage in rich mathematical tasks that are implemented 

in ways designed to sustain the cognitive demand but also learn to successfully implement high -level tasks in 

Pre-Kɀ12 settings (Smith, Bill, & Hughes, 2008).   
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Indicator P.3.2. Provide Foundations  of Knowledge About Students as Mathematics 

Learners  

An effective mathematics teacher preparation program provides extensive experiences for candidates 

to focus on students as mathematics thinkers and learners.  

A main learning outcome for a mathematics me thods course is to develop candidatesɅ understanding of how 

students think and learn about mathematics (see Standard C.3). Effective mathematics teacher preparation 

programs provide multiple experiences (e.g., reading, analyzing videos, conducting teaching  experiments) that 

develop deep understanding of at least one (or two) learning trajectories (e.g., sequences of patterns of 

thinking for a topic). For example, a methods course would provide extensive, complementary experiences 

focusing on how students th ink and learn about a key topic such as whole number and operations for early 

childhood, fractions for elementary mathematics education, proportional reasoning or algebra for middle 

school mathematics teachers, and functions for high school mathematics tea chers. These experiences also 

develop competencies in connecting these progressions to specific implications for instruction Ɂthat is, 

candidates learn a complete learning trajectory Ɂand connecting content to mathematical practices.  

In effective programs, m athematics methods courses simultaneously provide candidates with experiences to 

develop strategies for understanding and build  studentsɅ (a) productive dispositions and positive mathematics 

identities and (b) meaningful mathematical sense  making and use o f mathematical practices.  

Indicator P.3.3. Address the Social Contexts of Teaching and Learning  

An effective mathematics teacher preparation program embeds opportunities for candidates to learn 

about the social, historical, political, and institutional con texts that affect mathematics teaching and 

learning.  By closely examining these contexts and the structures, policies, and practices that foster and 

constrain student access to and advancement in mathematics, candidates develop deeper 

understandings and et hical skill sets for advocacy work in mathematics education.  

Mathematics methods experiences provide candidates with foundational knowledge about the social, historical, 

political, and institutional contexts that affect mathematics teaching and learning. By closely examining these 

contexts and the structures, policies, and practices that foster and constrain student access to and 

advancement in mathematics, candidates develop deeper understandings and ethical skill sets for advocacy 

work in mathematics edu cation.  

Many teacher preparation programs include specific courses designed to address social contexts of teaching 

and learning (e.g. multicultural education), wherein candidates grapple with various equity issues, including 

examining the roles that power , privilege , and oppression play in schooling (e.g., tracking) as well as effective 

antiracist and social -justice pedagogies that disrupt institutional bias with teaching innovation, critical reflection, 

and social action. However, effective mathematics te acher preparation programs also explicitly address equity 

issues within mathematics methods courses or equivalent professional learning activities that focus specifically 

on mathematics. For example, mathematics methods experiences might  include critical a nalyses of current 

mathematics education systems, including the histories and the institutional tools, policies, and practices that 

shape the mathematics taught, how, and to whom. Such analysis is essential because the current mathematics 

education system is unjust and grounded in a legacy of segregation, systems of power and privilege, and deficit 

thinking based on race, ethnicity, class, language, and gender (Berry , Ellis, & Hughes, 2014; Martin , D. B., 

Gholson, & Leonard , 2010). 

  



 

 STANDARDS FOR PREPARING TEACHERS OF MATHEMATICS  35 

Effective programs also  help beginning teachers challenge deficit views about learning by questioning the 

status quo at a systemic level. For example, they consider testing and tracking systems that have instituted 

ways to identify, label, and separate children by perceived math ematics abilities (Cogan , Schmidt, & Wiley, 2001; 

Oakes, 2005). Methods courses must  provide candidates with tools and frameworks to support a more asset ɀ 

and resource ɀbased instructional approach focused on studentsɅ strengths in learning.  

High-quality m athematics teacher preparation programs prepare teachers to navigate the mathematics 

education political terrain. Teachers often are pressured in the unique high -stakes/high -status context of 

mathematics education that is consequential to mathematics learn ing, performance, and student affect. Along 

with cross -disciplinary coursework, mathematics methods courses provide a foundation for new teachers to 

recognize, navigate, and begin to understand the challenges associated with ultimately transforming these 

political contexts into a more just and equitable mathematics education than our nationɅs youth currently 

experience ( Gutiérrez , 2013a).  

Mathematics methods experiences in effective programs prepare beginning teachers to recognize the key roles 

identity and power play in mathematics education. As identity workers, teachers have tremendous power in 

how children, their families, and communities see students as doers of mathematics ( Gutiérrez , 2013b). 

Mathematics methods courses offer ways for teacher candid ates to critically assess their studentsɅ mathematics 

identities and create learning opportunities to strengthen those mathematics identities in positive ways.   

In effective programs, mathematics methods courses provide opportunities for teacher candidates  to learn 

about and build on the multiple mathematical, cultural, linguistic, and family strengths that students bring to 

the classroom. These activities require the candidates to go beyond traditional field placements and into 

community settings to learn from and about students, families, and communities.  Viewing these social, cultural, 

and community contexts as resources, rather than barriers, for mathematics teaching and learning requires 

explicit emphasis in mathematics methods courses (Aguirre et al., 2013; Civil, 2007; Foote, 2009).  

Developing an ethical practice for advocacy in mathematics education starts with a strong foundation set in 

mathematics methods courses and their field experiences. Mathematics methods courses in effective programs 

provide  beginning teachers with opportunities to develop their own stances related to the concept of ethical 

practice, through such tools as The Mirror Test, a series of critical -reflection questions about ethical obligations 

to students  (Gutiérrez, 2016). Moreov er, effective teacher preparation programs assess the ethical practice 

needed by beginning teachers to inform and improve mathematics instruction.   

The development of this ethical practice for advocacy cannot be accomplished in isolation but necessitates 

collaboration with multiple communities, including face -to -face and virtual communities, to provide candidates 

needed resources, advice, models, and emotional support to engage in this demanding work.  Effective 

programs provide candidates multiple opportuni ties to develop knowledge and skills necessary for ethical 

practices to take action and advocate for students in multiple ways and various settings.  

Indicator P.3.4. Incorporate Practice -Based Experiences  

An effective mathematics teacher preparation prog ram ensures that practice -based experiences, 

including mathematics methods courses and equivalent learning experiences, provide candidates with 

experiences using tools and frameworks grounded in research to develop core pedagogical practices 

and pedagogica l content knowledge for teaching mathematics.   

In effective mathematics teacher programs, mathematics methods experiences utilize a practice -based 

approach (Ball & Cohen, 1999). The decomposition -of -practice movement (Grossman et al., 2009) engages 

candid ates in detailed activities set in the everyday work of teaching. For example, rehearsals (Horn, 2010; 

Lampert, et al., 2013), launches (Jackson et al., 2013), and student -based experiences ought to play a central 

role in the mathematics methods class. Thi s practice -based notion of teacher education is different from the 
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traditional view in that teachers experience the emergence of theories from analyses of practice rather than 

separating the learning theories from the later application of these theories to  practice (Smith, 2001).   

In mathematics methods experiences, research -based frameworks, tools, and strategies serve as important 

vehicles for connecting theory and practice and guiding candidates in their work with authentic artifacts of 

teaching. For exa mple, when focusing attention on key elements of planning a lesson, the methods instructor 

strategically uses planning tools that emphasize building on studentsɅ thinking and orchestrating a productive 

discussion (Smith  et al., 2008), teacher questioning, differentiating instruction, and culturally responsive 

instruction (Bay -Williams, McGatha, Kobett, & Wray, 2014).  

Collaborating with clinical -experience coordinators is an effective way for methods instructors to connect their 

methods experiences with Pre -Kɀ12 classrooms and children. Professional development schools are an 

excellent environment for collaboration. Having experiences in clinical settings prior to the student -teaching 

experience helps teacher candidates situate their learning in practice.  

These classroom -based experiences can be enhanced through the careful selection of artifacts of practice, 

including the use of video and classroom -based cases. Carefully selected videos, paired with focused reflective 

questions, can change candidates' views of what constitutes effective mathematics instruction (Chval, Lannin, 

Arbaugh, & Bowzer, 2009). Videos or cases are selected to offer illustrations of practice and learning that 

capture real teachers teaching real children in real classrooms, including stu dents from various backgrounds, 

abilities, and understandings engaging in powerful mathematics and utilizing productive strategies, thereby 

challenging negative racial and gender stereotypes as well as fixed mindsets about who is capable of engaging 

in ric h and rigorous mathematics. When the selection of examples is broadened to classroom -based examples 

that show students learning mathematics in multiple languages (Celedon -Pattichis & Ramirez, 2012; 

Moschkovich , 1999, 2002; Vomvoridi -Invanovic & Chval, 2014 ) and cultural and community experiences (Aguirre 

& Bunch, 2012), programs make clear statements about not only how mathematics teaching can be effective 

but also for whom.  

Indicator P.3.5. Provide Effective Mathematics Methods Instructors  

An effective ma thematics teacher preparation program ensures that mathematics methods instructors 

have relevant grade -level experiences with schools, teachers, and students and possess deep 

understandings of the mathematics content and the research and practice regarding  pedagogical and 

equity issues associated with effectively teaching each and every student.  

Mathematics methods experiences that address the Indicators P.3.1 through P.3.4 provide complex, rich 

experiences that draw upon a deep view of mathematics and a b road understanding of the mathematics 

education literature base. Thus, in effective mathematics teacher education preparation programs, instructors 

for those experiences must possess mathematical knowledge, pedagogical content knowledge, and the 

knowledge of social -cultural contexts of mathematics. Further, effective methods instructors continually learn 

from practice and research themselves and encourage candidates to do so throughout their professional 

journeys (Hiebert et al., 2007). For example, new res earch about studentsɅ thinking in well-defined content 

domains, advances in educational technology available for mathematics classes, and changing standards 

require mathematics methods instructors to take the professional stance of viewing teaching as cons tant 

learning. Furthermore, given the complex demands of teaching mathematics methods, personnel in effective 

programs consider how to support mathematics methods instructors while they develop the relevant grade -

level school experiences and update their k nowledge of research and practice. Also, institutions of higher 

education that prepare university faculty must explicitly and programmatically support the preparation of 

methods instructors to meet these expectations.  
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STANDARD P.4. 

OPPORTUNITIES TO 

LEARN IN CLINICAL 

SETTINGS 

An effective mathematics teacher preparation program 

includes clinical experiences that are guided on the basis of 

a shared vision of high -quality mathematics instruction and 

have sufficient support structures and personnel to provide  

coherent, developmentally appropriate opportunities for 

candidates to teach and to learn from their own teaching 

and the teaching of others.  

Clinical experiences are guided, hands -on, practical applications and demonstrations of professional knowledge 

of  theory to practice, skills, and dispositions through collaborative and facilitated learning in field -based 

assignments, tasks, activities, and assessments across a variety of settings. Increased calls to embed clinical 

experiences in real contexts of teac hing illustrate the importance of learning through engagement in teaching 

(Ball & Forzani, 2009; Grossman et al., 2009; Lampert & Graziani, 2009). Furthermore, clinical experiences along 

with content knowledge and quality of the candidates, are the compone nts of teacher preparation that are 

likely to have the strongest effects on outcomes for students (National Research Council [NRC], 2010).  

An effective mathematics teacher preparation program provides clinical experiences that are developed 

mutually with s chool partners, are scaffolded to build in complexity, include opportunities to work in diverse 

settings and with a range of learners, and are supervised by qualified mentors. Each of these four critical 

aspects of clinical experiences is described in this  section.  

Indicator P.4.1. Collaboratively Develop and Enact Clinical Experiences  

An effective mathematics teacher preparation program includes collaboration with school partners to 

enact a shared vision of effective mathematics teaching.  

For candidates  to be well prepared in the teaching of mathematics, their programs must provide consistency in 

what is being taught and modeled in methods courses and field experiences. Effective mathematics teacher 

preparation programs Ʌ personnel work to establish a sha red vision and support systems among faculty, 

supervisors, mentor teachers, and teacher candidates focused on enacting effective mathematics teaching 

practices (as described in Chapter 2). Through their collaboration, school and university partners develop  

shared language to discuss teaching and learning as well as co -create needed routines, tools, and norms 

necessary for achieving that vision.  

Beyond being based on shared expectations, effective programs have reciprocal professional relationships 

among sta keholders (university faculty and supervisors, mentor teachers, and school -based personnel) that are 

integral to the design, implementation, and ongoing assessment of the preparation program. These 

relationships might include co -designing field -based assignments, co -teaching methods experiences, or both. In 

bi-directional partnerships, all aspects of clinical experiences are negotiated with schools and the program 

provider. For example, effective programs' personnel work collaboratively to select and develo p mentor 

teachers who (a) model effective mathematics teaching and (b) articulate what they are doing and why, 

coaching the candidates to demonstrate effective teaching.  

In a mutually beneficial partnership, clinical experiences are designed to support mo re than just the candidate 

or to provide extra classroom support for a teacher. The experience can become a system of simultaneous 

growth and renewal for  the teacher candidate -mentor teacher -university supervisor team when they 

collaborate;  all participant s learn and lead while they work on behalf of students. Only when preparation 

programs purposefully engage with  schools, not just in schools, will their clinical preparation become truly 

robust in ways that maximize candidatesɅ skill development and therefore their abilities to support the 

mathematics learning of students.  
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Indicator P.4.2. Sequence School -Based Experiences  

An effective mathematics teacher preparation program supports candidatesɅ engagement in 

increasingly comprehensive acts of teaching by providing coherent and developmentally appropriate 

clinical experiences.  

The quality of school -based experiences is at least as important as the quantity of time in schools. Observations 

are ineffective for novices who have not been provided with a critic al lens from which to gain insights into 

teaching. Scaffolded learning experiences of teacher candidates support movement toward classroom 

independence. Therefore, personnel in an effective mathematics teacher preparation program develop clear 

trajectories  of school -based learning experiences focused on increasingly complex teaching practices (e.g., 

managing student mathematical discourse moving from individual to small group and then from small group to 

large group) and on learning through examination of s tudent thinking and instructional practice (Smith, 2001). 

Mathematics teacher candidates must have multiple opportunities to practice the many skills that define them 

as well-prepared beginners (see Chapter 2).  

An effective mathematics teacher preparation program includes opportunities for teacher candidates to engage 

in early clinical experiences to begin to shift their lenses from that of a student to that of a teacher and to gain 

insights into what grade level(s) they would like to teach. In such early e xperiences, effective programs provide 

strategies for helping the candidates to develop their mathematics -teaching identities. For example, candidates 

may be assigned in their field placements to reflect on how teacher -student interactions engage a student  in 

productive struggle, observe or interview a student to understand which mathematical representations the 

student understands and uses to solve problems, or assist the classroom teacher during individual or small -

group work by documenting students' ways  of reasoning about the task. These early experiences help 

candidates determine whether they want to become teachers (and at what level), begin to focus on studentsɅ 

mathematical thinking, and introduce basic ideas about effective instruction. In alternati ve pathways to 

teaching, wherein candidates are immediately hired into their own classrooms, strategies such as viewing 

videos, analyzing vignettes or cases, and comparing student -work samples serve to help candidates focus on 

student thinking and effectiv e instruction.  

When teacher candidates complete their mathematics methods course(s) or related professional learning 

experiences, their clinical experiences must provide varied and extensive opportunities to connect what they 

are learning in their coursew ork to authentic classrooms (see Standard P.3.4). In the case of alternative 

preparation programs, the candidates are teaching, so they are connecting what they are learning to actions in 

their own classrooms is even more critical. For example, during a mi ddle school methods course, candidates 

may solve a proportional -reasoning task, consider ways students may reason about the task, implement the 

same task with middle school students, then return to the university classroom to discuss what they learned 

abou t proportional thinking, students, and their teaching. Candidates need multiple opportunities to teach or 

co-teach lessons, including opportunities to analyze student work and reflect on the effectiveness of teaching 

and classroom management in supporting the mathematics learning of each student in a group or class.  

Student teaching or internship experiences (in which, over the duration of the placement, candidates take on 

the full responsibilities of the classrooms) must continue to include a range of acti vities and assessments that 

engage the candidate in planning, teaching, assessing, and reflecting on mathematics teaching, at increasingly 

sophisticated levels. These activities include candidates ' focusing on culturally responsive instruction, in 

particul ar, identifying teaching practices that support or inhibit the learning of each of their students, noticing 

that some practices benefit some students but inhibit others. Such reflection by candidates requires significant, 

focused feedback from mentors who are themselves experienced and skilled at teaching mathematics 

effectively. Additionally, an effective mathematics teacher preparation program provides opportunities for 

candidates to co -teach, for example, with their mentor teachers or specialists (e.g., special education teacher or 

ESL specialist), reflecting on the ways in which such collaborations can effectively support and challenge each 

and every student without lowering expectations. Finally, internships provide opportunities for candidates to 
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learn  about, participate in, and reflect upon aspects of schooling beyond classroom teaching, such as after -

school informal learning, record -keeping, engaging with parents, and analyzing school data.  

Effective teacher preparation programs may vary widely in how  they sequence experiences, but they have 

strategically organized a variety of experiences over time such that their candidates are able to develop the 

myriad of knowledge, skills, and dispositions to enter the workforce well  prepared to support studentsɅ 

mathematical engagement and understanding. For example, one field -experience model that fosters reflective 

and student -centered teaching practices is the paired-placement model in which two candidates are paired with 

a single mentor teacher. The mentor tea cher provides purposeful coaching and mentoring; and the two 

candidates offer each other feedback, mentoring, and support (Goodnough , Osmond, Dibbon, Glassman, & 

Stevens, 2009; Leatham & Peterson, 2010). Another model found to help teacher candidates gain greater 

pedagogical content knowledge and knowledge of students is co-planning and co-teaching (CPCT). CPCT and the 

paired -placement model promote the collaboration and communication between teacher candidates and 

mentor teachers who share a common space i n the planning, implementation, and assessment of instruction 

(Bacharach, Heck, & Dahlberg, 2010). Finally, a third model that has shown promise is the year-long-residency 

model, which enables teacher candidates to enact both their practicum and internship  experiences in the same 

classroom. This model incorporates some of the same strategies as the co -planning and co -teaching models 

and has similar benefits.  

Indicator P.4.3. Provide Teaching Experiences With Diverse Learners  

An effective mathematics teach er preparation program provides  clinical experiences that prepare 

candidates to teach mathematics to a range of students, in a variety of contexts, and across the grades 

and content ranges for which they will be certified.  

Teachers of mathematics must be prepared to address the academic, socio -emotional, and cultural needs of 

the diverse students they serve. Field experiences in diverse settings can change teacher candidatesɅ 

perspectives on cultural diversity and increase teachers' self -efficacy and reten tion (Castro, 2010; Conaway , 

Browning, & Purdum -Cassidy, 2007). An effective program ensures that emerging teachers of mathematics 

have opportunities to work with diverse students. Effective programs also ensure that emerging teachers have 

significant expe riences at the grades and courses for which the candidate is being certified. For example, a 

program that certifies teachers for Grades 7 ɀ12 requires that candidates have significant opportunities to teach 

diverse learners at both the middle and high schoo l levels. 

Placing teacher candidates in a diverse setting is not enough to counteract stereotypical thinking, especially if 

the experiences do not include opportunities for critical reflection (Bell, Horn, & Roxas, 2007; Garmon, 2004). 

Effective mathematic s teacher preparation programs, therefore, must provide opportunities for candidates to 

work with a range of students in settings where the mentors and supervisors are able to model and discuss 

inclusive and culturally responsive mathematics instruction, m aking visible pragmatic strategies for maintaining 

high expectations for every student. Some programs are located in less diverse geographical locations, but it is 

critically important for mathematics teacher candidates in these programs to have opportunit ies to engage in 

experiences with diverse learners through other authentic clinical experiences. For example, content -focused 

pen-pal exchanges and the use of video or live -stream from classrooms provide opportunities for such 

candidates to explore issues of implicit bias and develop complex understandings of working in culturally and 

economically diverse settings.  

Schools vary greatly in their characteristics, such as the extent to which the mathematics content is integrated, 

the amount of leveling of stud ents into courses, the philosophy on how mathematics is learned, and the 

instructional materials (e.g. textbooks, online -curriculum opportunities) that are used. Despite research that 

tracking or ability grouping can inhibit learning and cause inequities w ithin the system, NAEP data indicate that 

an increasing number of schools are using these practices (Loveless, 2013). Effective programs, therefore, 

ensure that candidates have opportunities to teach student groups or classes that are considered below grad e-

level, at grade -level, and above grade -level, with a focus on the way in which these school structures affect, and 
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perhaps limit, studentsɅ opportunities to learn. ϥn an effective program for teachers of mathematics, the fact 

that students in any track o r course deserve high -quality mathematics teaching, through which they are 

challenged to solve meaningful problems and develop mathematical practices, is emphasized.   

Indicator P.4.4. Recruit and Support Qualified Mentor Teachers and Supervisors  

An effective mathematics teacher preparation program ensures that mentor teachers and supervisors 

are able to effectively use clinical settings to support candidates in teaching mathematics well and 

provide equitable support to each and every student.  

Clinical experiences are crucial in supporting the development of beginning teachers who can skillfully do the 

work of mathematics teaching. Quality clinical experiences provide candidates with scaffolded opportunities to 

develop skill with teaching practices, i nsight into mathematics content and into students as learners of that 

content, and professional orientations and commitments. The quality of these learning opportunities hinges on 

the support of mentors and teacher preparation supervisors who ensure that c andidates are actively leveraging 

those clinical experiences to learn key knowledge, skills, and dispositions for teaching mathematics (Boyd , 

Grossman, Lankford, Loeb, & Wyckoff , 2009; Grossman, 2010). In effective programs, mentors and supervisors 

provide  candidates with regular opportunities for critical reflection on mathematics teaching and learning.  

Effective mentor teachers know mathematics, model effective mathematics teaching practices, and 

demonstrate professional commitment to the learning of each  and every student. Similarly, supervisors of 

mathematics candidates have had substantive and successful experience teaching mathematics. They know the 

mathematics and pedagogical practices that are essential for a well -prepared beginning teacher of 

mathem atics. Further, they know how to utilize the affordances of clinical contexts to support teacher learning. 

Mentors are willing to use their own teaching as a site for the beginning teacher to learn. They co -plan and co -

teach to provide focused support duri ng instruction and regularly provide constructive feedback. Supervisors 

have command of teacher preparation practices that support the integrated attention to students, content, and 

teaching practices necessary for skilled engagement in teaching and learni ng contexts (Lampert et al., 2013).  

Effective mentors and supervisors of mathematics teachers promote understanding of the context within 

schools, helping beginning teachers of mathematics recognize the roles that administrators, parents, and 

communities p lay in supporting the mathematics learning of their students. Mentors and supervisors 

understand the importance of advocating for equitable mathematics learning and can communicate this stance 

in concrete ways to teacher candidates. For example, a mentor o r supervisor might ask a candidate to reflect on 

how a particular pedagogical move might connect with or affect studentsɅ mathematical identities or to reflect 

on the effects of school structures (e.g., classroom design and resources, tracking or schedulin g) on student 

learning.  

An effective mathematics teacher preparation program provides organizational structures that support 

effective mathematics teaching. They recognize that strong partnerships between teacher preparation 

programs and schools enhance t he instruction of beginning teachers (Grossman , Ronfeldt, & Cohen , 2011; 

Zeichner & Gore, 1990) by connecting the goals and substance of what candidate s are learning through their 

preparation program and the everyday mathematics learning in Pre -Kɀ12 settin gs. Programs ensure that those 

involved with candidates have ongoing professional development in coaching and mentoring to support their 

skills at supporting candidate learning. Program mentors, supervisors, and instructors have ongoing 

opportunities to co llaborate and communicate to ensure that teacher candidates receive clear and consistent 

messages about effective mathematics teaching.  
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STANDARD P.5. 

RECRUITMENT AND 

RETENTION OF 

TEACHER 

CANDIDATES 

An effective mathematics teacher preparation program 

attracts, nurtures, and graduates high -quality teachers of 

mathematics who are representative of diverse 

communities.  

A high-quality teacher of mathematics is one who is well prepared to begin teaching mathematics and who is 

also capable of achieving and exemplifying the knowledge, skills, and dispositions required for meeting the 

needs of mathematics learners in schools throughout a sustained teaching career. The well -prepared beginning 

teacher not only has strong mathematics content knowledge but also is  skilled at teaching and disposed to care 

deeply about all students (Wilson & Cooney, 2002). At all levels, the teacherɅs profile must include caring about 

children and young adults as well as having a productive disposition toward mathematics learning and  

teaching. Additionally the profile must include a passion for mathematics and for teaching as well as a 

commitment to positively affecting the learning of all students (CAEP, 2013).  Explicit effort is required in teacher 

preparation programs to recruit an d retain a potential teacher workforce that reflects the diverse communities 

they will serve. Teacher education programs that address this standard, its indicators below, and the other 

standards in this document are more  likely  than others  to produce high -quality teacher candidates who will 

remain in the profession and affect student learning over a career (Darling -Hammond, 2000).  

Racial and ethnic demographics of the population of students in todayɅs mathematics classes often differ 

significantly from demo graphics of their teachers, who are predominantly female, white, and monolingual (U.S. 

Department of Education, 2013). The lower college enrollment rates of students of color and barriers such as 

required scores on licensure examinations limit efforts to i ncrease the diversity of mathematics teachers 

(Ahmad & Boser, 2014). Even with low enrollments, preparation programs must actively recruit and support a 

diverse teacher -candidate pool.  For example, high -quality teacher candidates' profiles must include evi dence of 

or potential for excellent academic achievement, but the candidates should also demonstrate promise for 

broader qualities and competencies of effective teachers. Achievements that indicate such promise include 

working with and meeting the needs of  diverse students learning mathematics, particularly those who may 

have been traditionally discriminated against, excluded, or marginalized.  Such experiences are as important to 

effective recruitment as high performance on traditional measures of academic achievement such as scores on 

standardized tests.  

Indicator P.5.1. Recruit Strong Candidates  

An effective mathematics teacher preparation program uses a strategic process for recruiting 

candidates who are capable of supporting the mathematical learning of  each and every student.  

The process of recruiting future teachers of mathematics involves a multiple -step approach that includes 

informing potential candidates about different options and opportunities in teaching, providing experiences in 

which they work with learners of mathematics, and then assisting them in applying for admission to and 

seeking financial support for completing a teacher education program. Effective mathematics teacher 

preparation programs must carefully and strategically manage and  involve staff and faculty in all aspects of the 

recruitment process (Dickey, 2016).  
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For example, the Mathematics Teacher Education Partnership Research Action Cluster (Ranta & Dickey, 2015) 

on recruitment has found that strategies specific to attracting  high school and college students to programs 

leading to mathematics certification or licensure include the following:  

¶ Offering field experiences in school mathematics settings with exemplary teachers;  

¶ Providing scholarships targeted to high -need programs;  

¶ Promoting the need for secondary mathematics teachers in ways that demonstrate how the demand 

exceeds the supply of elementary school teachers or for secondary -level English/language art or social 

studies teachers;  

¶ Highlighting the integrated and active -learning curriculum intended for elementary and middle level 

learners;  

¶ Building a connection to the unique emotional and cognitive needs of adolescent learners;  

¶ Providing career counseling to liberal arts majors about major changes and certification options  

specific to teaching mathematics.  

Mathematics teacher preparation programs assess candidatesɅ qualifications for admission using multiple 

measures that include both cognitive and dispositional factors. This process should uncover candidates' 

passion for a nd commitment to mathematics as a discipline and an essential component of an effective 

citizenry as well as their stances on embracing opportunities to learn, their commitments to helping students 

grow, and their commitments to equitable teaching. Consist ent with CAEP (2013) Standard 2, cognitive 

measures that include grades in mathematics content courses or standardized mathematics test scores provide 

valuable information but are not sufficient in making a decision. Identifying dispositions of applicants must be 

part of an admission interview or essay that the mathematics teacher preparation program uses to inform both 

admissions and program -planning decisions.  For all candidates, prompts that seek to uncover any implicit 

biases or deficit views of diverse  children and families as well as such dispositions to avoid mathematics as Ɉϥ 

was never good at mathematicsɉ or Ɉϥ prefer not to teach mathematicsɉ should be included to allow counseling 

or a programmatic decision that will improve teacher candidatesɅ attitudes. Additionally, prompts are needed 

that address a commitment to the needs of all learners and that elicit a commitment to and enthusiasm for 

teaching and mathematical habits of mind.  

Indicator P.5.2. Address Diverse Community Needs  

Effective mathemat ics teacher preparation program personnel actively seek to address the diverse 

needs of their communities by recruiting future teachers of mathematics using a variety of strategies 

that include outreach in schools, community colleges, and within the instit ution.  

The diverse needs of communities and locales vary, but mathematics teacher preparation programs' personnel 

must  aspire to produce new teachers whose demographics mirror those of the community they serve (Ahmad 

& Boser, 2014; Goldhaber & Hansen, 201 0). To actively recruit to meet local diversity needs and to address the 

critical shortage of middle and high  school mathematics teachers, the mathematics teacher preparation 

program should work within middle and high schools, particularly those with clubs  or future -teacher groups 

tied to education careers to build interest in the profession of teaching mathematics through activities like peer 

tutoring or dual -enrollment courses. These early attempts to reach potential candidates prior to college help 

plant  the seed of being a mathematics teacher as a member of a rewarding profession. Reaching out to 

community colleges as well as to current STEM majors at the programɅs institution also provides a means of 

diversifying the candidate pool. In addition, activel y recruiting paraprofessional educators already working in 

schools, parents or other volunteers, and camp counselors or coaches working in informal educational settings 

can help diversify a programɅs applicant pool. 
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Indicator P.5.3. Provide Experiences and  Support Structures  

An effective mathematics teacher preparation program provides experiences and support structures to 

ensure the short - and long -term success of their teacher candidates.  

The mathematics teacher preparation program provides appropriate support structures through candidate 

counseling and advisement, tutoring support in mathematics content, and assistance with Praxis or other 

related (including state -required) summative - or performance -assessment preparation (Seymour & Hewitt, 

1997). Experience and time learning how to access and effectively use support available from other educational 

professionals and stakeholders, such as special educators, counselors, social workers, and mentors, are critical 

to retention and success in the profession. Early and frequent field experiences in a variety of settings and 

targeted experiences across grade levels ensure greater possibilities for success in teaching in both the short - 

and long -terms (Clift & Brady, 2006). For early childhood, elementary school,  and special education teacher 

candidates, the mathematics teacher preparation program provides strategic placements at varying grade 

levels to assist in the growth of the candidatesɅ mathematical knowledge for teaching. For secondary programs, 

the mathema tics teacher preparation program systematically diversifies placements to ensure candidates gain 

experience in diverse courses, grade levels, and settings (CAEP, 2013). At any certification level, field 

experiences in multiple classrooms and environments o f sufficient depth and breadth prior to student teaching 

should be required (CAEP, 2013). Even when programsɅ clinical experiences are shorter in duration, as they 

might be at the post -baccalaureate or graduate levels, collecting information about candidat esɅ past 

experiences with children and schools allows for targeting placements that complement and diversify the 

collection of experiences.  

CLOSING REMARKS 

In this chapter, we described five important standards that are essential aspects of effective mathe matics 

teacher preparation programs. These interrelated standards focus on partnerships, learning mathematics, 

learning to teach mathematics, learning in clinical settings, and recruitment and retention. High -quality teacher 

preparation programs attend to each of these important aspects, along with the standards described in 

Chapter 2, to produce well -prepared beginning teachers of mathematics.  
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CHAPTER 4. ELABORATIONS OF THE STANDARDS 
FOR THE PREPARATION OF EARLY CHILDHOOD 
TEACHERS OF MATHEMATICS 

This chapter consists of elaborations and examples of the standards in Chapter 2, describing the knowledge, 

skills, dispositions, and actions that well -prepared beginning Early Childhood mathematics teachers need to 

develop, followed by elabora tions  and examples of the standards in Chapter 3, describing characteristics 

needed for Pre-K to Grade 2 preservice programs to ensure the effective preparation of their candidates (see 

Table 4.1). The elaborations in this chapter are focused on those stan dards involving specific early childhood 

considerations; therefore, although all the standards in Chapters 2 and 3 apply to the mathematical 

preparation of early childhood teacher candidates, not all require elaboration.  

Although young children are ready a nd eager to learn mathematics, many early childhood teachers have not 

been provided substantive opportunities for learning to engage children in rich experiences in domains other 

than literacy (Institute of Medicine [IOM] & National Research Council [NRC],  2015; NRC, 2001b, 2007). Early 

childhood educators teach children from birth to age 8 years, an especially critical developmental period of 

learning for mathematics. These early years form the cognitive foundations of mathematical thinking.  Later 

school success in elementary school depends on preschool children's knowledge of mathematics (Duncan et al., 

2007). Further, later reading achievement as well as early reading skills can be predicted from early 

performance in mathematics (Lerkkanen, Rasku -Puttonen , Aunola, & Nurmi, 2005). The quantitative, spatial, 

and logical -reasoning competencies of mathematics establish an early cognitive foundation for thinking and 

learning across subjects.  

Given the importance of mathematics to academic success (National Mat hematics Advisory Panel, 2008), all 

child ren  need to develop robust knowledge of mathematics in their earliest years. The development of this 

knowledge among children as well as the formation of their beliefs and dispositions toward mathematics is 

dependen t upon and related to the capabilities and dispositions of their teachers (Tsamir & Tirosh, 2009). Given 

the limitations in the present preparation of the early childhood workforce in the domain of mathematics 

education (I OM & NRC, 2015), that teacher prep aration programs attend to the standards set forth in this 

document is imperative. Effective teacher preparation programs at the early childhood level include focused, 

sustained, and substantial attention to developing candidatesɅ knowledge of learning trajectories, including 

deep understanding of early mathematics, knowledge of childrenɅs development, and high-leverage 

pedagogical skills and practices for teaching mathematics. This attention occurs in the context of a 

comprehensive program of professional preparation for teachers of young children (e.g., addressing social-

emotional development, whole child, and curricula that are integrated throughout the day ) but with a specific 

focus on mathematics, as supported by organizations such as the NAEYC (e.g., t he standard of Ɉunderstanding 

content knowledge and resources in academic disciplines ɉ including mathematics, NAEYC, 2012, p. 36). 

 


























































































































































































































































