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Note to reader: The use of the non-binary, singular pronouns they, them, their, theirs, 35 

themself, and themselves in this framework is intentional. 36 

Introduction 37 

A broad system of support is needed to ensure that all students have access to 38 

mathematics instruction that is built on authentic contexts and problems, is rich with 39 

connections between mathematical ideas and with students’ lives, and builds over time. 40 

As students learn and process mathematics, teachers process and refine their teaching; 41 

together these processes form the core learning environment for mathematics. So, how 42 

can teachers be best supported in creating equitable and engaged mathematics 43 

learning environments for their students? Administrators and teacher leaders (such as 44 

coaches and teachers on special assignment) provide the initial layer of support, and 45 

parents, counselors, and community members add to the interconnected system of 46 

support that children and adolescents rely upon as they learn. This chapter presents 47 

guidance designed to build an effective system of support for teachers as they facilitate 48 

learning for their students. 49 

In an attempt to provide some consistency across subjects for those seeking to create 50 

opportunities for professional learning, this chapter of the Framework mirrors in 51 



structure Chapter 12 (Implementing High-Quality Science Instruction: Professional 52 

Learning, Leadership, and Supports) of the 2016 California Science Framework 53 

(https://www.cde.ca.gov/ci/sc/cf/cascienceframework2016.asp), and echoes many of its 54 

recommendations for supporting quality instruction. 55 

Collaborative Systems of Learning and Support 56 

Teachers have incredibly complex work, and they make thousands of instructional 57 

decisions every day (Ball, 2018): in understanding their students’ thinking, choosing 58 

tasks, deciding which questions to pose in discussion, selecting which—and whose—59 

lines of inquiry to pursue with the class, and ensuring that all students have their 60 

authentic and culturally relevant contexts and tasks represented. When stakeholders 61 

and influencers outside of the classroom are not aligned, this work of teaching is made 62 

even more difficult, and instructional practice changes little. 63 

The California Common Core State Standards in Mathematics (CA CCSSM) have been 64 

the adopted standards since 2010. However, none would argue that instruction will ever 65 

reach a perfected state. Continuous improvement of mathematics teaching and learning 66 

requires the aligned efforts of many stakeholders (adapted from the 2016 California 67 

Science Framework): 68 

● Teachers and teacher leaders prepared to engage in student-centered teaching 69 

that engages students in equity-oriented learning through authentic tasks and 70 

contexts 71 

● School, district, and county office administrators who are knowledgeable and 72 

supportive of the changes demanded by the CA CCSSM and this framework 73 

● Afterschool, early childhood, and other expanded learning opportunities aligned 74 

with and supportive of authentic mathematics learning that include collaborative 75 

and coherent efforts between teachers and other education support professionals 76 

● College and university faculty involved in and advocating for high-quality 77 

mathematics instruction and preparation of future teachers 78 

https://www.cde.ca.gov/ci/sc/cf/cascienceframework2016.asp


● Community members and parents, guardians, and families who understand the 79 

reasons for and are supportive of engaging and equitable approaches to 80 

mathematics teaching and learning  81 

● Formal and informal learning environments, including museums, libraries, 82 

science centers and other venues that are fully committed to supporting CA 83 

CCSSM 84 

Effective progress takes place within these communities when it is aligned with an 85 

ongoing cycle of implementation, reflection, and improvement of practice (Little, 2006; 86 

Penuel, Harris, and Debarger, 2014; Fixsen, Naoom, Blase, Friedman, and Wallace, 87 

2005; Fixsen and Blase, 2009). The vision is for teachers and other educational 88 

stakeholders to engage in a learning community that has the same characteristics—89 

respect, intellectual engagement, and motivation toward continuous improvement—that 90 

all educators hope to create for students in California classrooms. 91 

Ermeling and Gallimore (2013) present implementation models embedded in school 92 

learning communities across 40 districts. These models focus on addressing learning 93 

needs common to the members of the community; analysis of evidence is used to drive 94 

planning, decision making, and critical questioning of practices. To be effective, the 95 

learning community must operate in an environment of collaboration and trust among 96 

teachers and school leaders, all of whom recognize that change requires time, 97 

resources, continuous support, and an appreciation of risk-taking as new instructional 98 

approaches are implemented. 99 

Therefore, improvement efforts in mathematics teaching and learning should focus on 100 

the sustainability of the instructional practices and education programs—and the 101 

sustainability of the professional learning cycle itself—by fostering a collaborative school 102 

culture that engages educators, administrators, students, parents, guardians, families, 103 

education professionals, and community members (Fixsen & Blase, 2009). Establishing 104 

this culture allows all stakeholders to understand themselves as advocates and 105 

supporters in the effort to improve students’ experience and achievement in 106 

mathematics. 107 



Finally, the 2014 California ELA/ELD Framework 108 

(https://www.cde.ca.gov/ci/rl/cf/elaeldfrmwrksbeadopted.asp) calls on teachers and 109 

educational leaders to examine their beliefs and attitudes toward students and their 110 

families; the call also certainly applies to improving mathematics instruction. Explicit 111 

reflection helps educators approach all students with a growth mindset disposition that 112 

both values the cultural resources and linguistic assets students bring to the 113 

mathematics classroom and supports them to use these resources while expanding and 114 

adding new perspectives and ways of appropriating and using mathematics. Put simply, 115 

teachers’ beliefs about their students significantly affect those students’ motivation, 116 

experience, and achievement (Stipek, Givvin, Salmon, & MacGyvers, 2001; Heyder, 117 

Weidinger, Cimpian, & Steinmayr, 2020). 118 

A recurring theme throughout this chapter is the complexity of mathematics teaching 119 

and of learning to teach (Russ, Sherin, & Sherin, 2016). Indeed, even defining what is 120 

meant by improvement of teaching practice involves connected changes in general 121 

pedagogy, mathematics pedagogical content knowledge (“ways of representing and 122 

formulating the subject that make it comprehensible to others” [Shulman, 1986]), and 123 

mathematical knowledge for teaching (“the mathematical knowledge needed to carry 124 

out the work of teaching mathematics” [Ball, Thames, & Phelps, 2008]). 125 

Professional Learning for Equity and Engagement: Critical 126 

Content 127 

Mathematics education has a long history of providing inequitable access to rich 128 

learning (see Chapter 1: Introduction and Chapter 2: Teaching for Equity and 129 

Engagement). All professional learning experiences should be designed to help 130 

teachers challenge and overcome the legacy practices that continue to perpetuate 131 

these inequities in access and attainment. Even when professional learning is designed 132 

with a different primary focus (mathematical practices, particular instructional routines, 133 

or teaching from big ideas, for instance), the implementation of these ideas should be 134 

done in culturally relevant and sustaining ways, and with awareness of and attention to 135 

the impacts of unconscious bias on students’ experiences in the math classroom. 136 

https://www.cde.ca.gov/ci/rl/cf/elaeldfrmwrksbeadopted.asp


More importantly, professional learning opportunities that are primarily focused on 137 

equity in mathematics education must become much more prominent; equity cannot be 138 

an afterthought, tacked onto more traditional mathematics content-centered offerings. 139 

“Black, Latinx, Indigenous, women, and poor students, have experienced long histories 140 

of underrepresentation in mathematics and mathematics-related domains” (Martin, 141 

2019; see also Martin, Anderson, & Shah, 2017). This “culture of exclusion” persists 142 

even in equity-oriented teaching (Louie, 2017). Many of the stories that we use to define 143 

mathematics, and to talk about who does or is good at mathematics, are highly 144 

racialized and experienced that way by students (Lue & Turner, 2020), and thus 145 

students’ math identities are shaped in a culture of societal and institutionalized racism. 146 

Professional learning in mathematics must address these realities and aim for more 147 

than incremental change (which does little to change the framing narratives that drive 148 

inequities). 149 

A Pathway to Equitable Math Instruction (Education Trust West, 2020) is a guide to 150 

building equity in mathematics teaching. It was developed by California educators 151 

through a broad partnership of math education and equity organizations. While written 152 

specifically to address grades 6–8, the broad outline of the path that is outlined is 153 

applicable to all grades: 154 

● Stride 1: Dismantling Racism in Mathematics Instruction: Exercises for educators 155 

to reflect on their own biases to transform their instructional practice 156 

● Stride 2: Fostering Deep Understanding: Methods for deepening content 157 

understanding and relevance through crafted math discussions 158 

● Stride 3: Creating Conditions to Thrive: Environments and practices that support 159 

students’ social, emotional and academic development 160 

● Stride 4: Connecting Critical Intersections: The interconnectedness of English 161 

language learning and the development of mathematical thinking 162 

● Stride 5: Sustaining Equitable Practice: Coaching structures that support math 163 

educators’ in their ongoing centering of equity principles 164 



The table below (adapted from the 2014 California ELA/ELD Framework) outlines 165 

critical content for professional learning based on this Framework. As teaching is such a 166 

complex activity, there is a risk of trying to do everything at once; it is important to 167 

design opportunities around a manageable subset of these foci,  168 

Figure 9.X. Critical Content for Professional Learning in Mathematics 169 
Education 170 

 171 

Establishing a Vision for 

California’s Students 

• Develop the readiness for 
college, careers, and civic 
life 

• Attain the capacities 
of numerate 
individuals 

• Become broadly literate in 
quantitative subjects 

• Acquire the skills for living 
and learning in the 21st 
century 

Understanding the 

Standards 

• CA CCSSM Mathematical 
Practice Standards 

• CA CCSSM Mathematics 
Content Standards 

• ELA/ELD Standards 
as implemented in 
Mathematics Classes 

• Implementing 
science, history/social 
studies, career and 
technical education, 
and other standards 
in tandem with 
mathematics 

Establishing the Context for 

Learning 

• Integrating the curricula 
• Motivating and   

engaging learners 
• Teaching from Big Ideas, 

not individual standards 
• Respecting learners, and the 

cultural and linguistic assets 
they bring 

• Ensuring intellectual 
challenge 

Enacting the Key Themes 

of Mathematics Instruction 

• Mathematics as tools for 

solving authentic problems 
in authentic contexts 

• Meaning making 

• Mathematical practices 
• Language development 
• Effective expression 
• Content knowledge 

Addressing the Needs of 

Diverse Learners 

• Comprehensive English 

language development: 
integrated and 
designated ELD 

• Additive approaches to 

language and 
mathematics 
development 

• Meeting the needs of 
students with disabilities 
and students experiencing 

difficulty 
• Meeting the needs of 

advanced learners 
and other populations 

Exploring Approaches to 

Teaching and Learning 

• Teaching through 
investigation 

• Models of instruction 
• Culturally and linguistically 

responsive teaching 
• Supporting biliteracy and 

multilingualism 
• Supporting students 

strategically (including UDL 
and MTSS) 



Sharing the Responsibility 

• Collaborating within 
and across grades, 
departments, and 
disciplines 

• Promoting teacher 
leadership 

• Partnering with community 
groups and higher education 

• Collaborating with parents 

Evaluating Teaching and 

Learning 

• Types and methods of 

assessment (formative, 
summative, rubrics, 
portfolios, diagnostic) 

• Cycles of assessment 
(short, medium, long) 

• Student involvement in 
assessment 

• Appropriate preparation 
for state assessments 

Integrating 21st Century 

Learning 

• Critical thinking skills 
• Creativity and innovation 

skills 
• Communication 

and collaboration 
skills 

• Global awareness and 
competence 

• Technology skills 

 172 

Resources for Equity and Engagement 173 

Beyond the chapters of this framework which are focused primarily on equity and 174 

engagement (Chapters 1 and 2), there are several resources which educators can draw 175 

upon as they plan and deliver professional learning experiences to improve equity in 176 

mathematics education. 177 

● “Improving Education for Multilingual and English Learner Students: Research to 178 

Practice” contains a wealth of guidance, resources, and tools for helping 179 

teachers and administrators better meet the needs of multilingual and EL 180 

students (https://www.cde.ca.gov/sp/el/er/documents/mleleducation.pdf) 181 

● A Pathway to Equitable Math Instruction, available at https://equitablemath.org/, 182 

is an integrated approach to mathematics that centers Black, Latinx, and 183 

Multilingual students in grades 6–8, addresses barriers to math equity, and aligns 184 

instruction to grade-level priority standards. The Pathway offers guidance and 185 

resources for educators to use now as they plan their curriculum, while also 186 

offering opportunities for ongoing self-reflection as they seek to develop an anti-187 

racist math practice. The toolkit “strides” serve as multiple on-ramps for 188 

educators as they navigate the individual and collective journey from equity to 189 

anti-racism. It is a collection of resources to help grades 6–8 Black, LatinX and 190 

multilingual students thrive in mathematics education. The strides are the 191 

following: 192 

● The Universal Design for Learning (UDL) Guidelines 193 

(http://udlguidelines.cast.org/?utm_source=castsite&lutm_medium=web&utm_ca194 

https://www.cde.ca.gov/sp/el/er/documents/mleleducation.pdf
https://equitablemath.org/
http://udlguidelines.cast.org/?utm_source=castsite&lutm_medium=web&utm_campaign=none&utm_content=aboutudl


mpaign=none&utm_content=aboutudl) are a tool used in the implementation of 195 

the UDL framework, which is a way to improve and optimize teaching and 196 

learning for all people based on scientific insights into how humans learn. The 197 

three primary principles of UDL are: 198 

○ Provide multiple means of Engagement 199 

○ Provide multiple means of Representation 200 

○ Provide multiple means of Action and Expression 201 

● The Catalyzing Change series (early childhood & elementary, middle school, 202 

high school) from the National Council of Teachers of Mathematics (NCTM, 203 

2018; NCTM, 2020a; NCTM, 2020b) is an important set of texts for professional 204 

learning, addressing the following challenges: 205 

○ Broadening the purpose of school mathematics' focus to include the 206 

development of positive mathematical identities so that students can make 207 

purposeful decisions about their future endeavors 208 

○ Dismantling structural obstacles that stand in the way of mathematics 209 

working for each and every student 210 

○ Implementing equitable instructional practices to cultivate students' 211 

positive mathematical identities and strong sense of agency 212 

○ Organizing middle school mathematics along a common shared pathway 213 

grounded in the use of mathematical practices and processes to 214 

coherently develop deep mathematical understanding 215 

Professional Learning Throughout a Teacher’s Career 216 

Teachers learn to improve their practice in many contexts: working with students in the 217 

classroom, interacting with peers, communications from administrators, attending 218 

conferences, taking online courses, and reading publications, to name a few. In this 219 

Framework, professional learning refers to planned and organized processes that 220 

actively engage educators in cycles of continuous improvement guided by the use of 221 

data and active inquiry around authentic problems and instructional practices 222 

(Coggshall 2012). Darling-Hammond, Hyler, & Gardner (2017, p. v) uses the related 223 

phrase effective professional development to mean structured professional learning that 224 

http://udlguidelines.cast.org/?utm_source=castsite&lutm_medium=web&utm_campaign=none&utm_content=aboutudl


results in changes in teacher practices and improvements in student learning outcomes. 225 

This section describes important aspects of professional learning at different stages of 226 

an educator’s career, with particular focus on characteristics of effective professional 227 

learning. This is followed by considerations for planning effective professional learning. 228 

The section concludes with discussions of various models and strategies for 229 

professional learning, with several vignettes illustrating the models and their 230 

incorporation of the characteristics of effective professional learning. 231 

Table 9.1, adapted from the National Comprehensive Center for Teacher Quality’s 232 

publication Toward the Effective Teaching of New College- and Career-Ready 233 

Standards: Making Professional Learning Systemic (Coggshall, 2012), summarizes key 234 

shifts in thinking about professional learning that will help improve teaching practice. 235 

 236 

MOVING FROM MOVING TOWARD 

Believing that professional development is some 

people’s responsibility 

Believing that professional learning focused 

on student learning outcomes is everyone’s 
job 

Thinking individual goals for professional 

development are separate from school site and 

district goals 

Aligning individual goals with school site 

and district goals to provide greater 

coherence 

Using professional development as a means of 

addressing deficiencies 

Embedding professional learning in 

continuous improvement 

Seldom addressing standards for professional 

learning 

Using standards for professional learning 

Providing professional development that takes 

place outside of school, away from students, and 

is loosely connected to classroom practice 

Embedding professional learning in the 

daily work of teaching so that staff can 

learn collaboratively and can support one 

another as they address real problems and 

instructional practices of their classrooms 

Engaging staff in professional development 

unrelated to data and the continuous 

improvement process 

Engaging staff in a cycle of continuous 

improvement, guided by the use of active 

inquiry and multiple sources of evidence 

Providing one-shot or short–term professional 

development with little or no transfer to the 

classroom 

Sustaining continuous professional learning 

through follow-up, feedback, and reflection to 

support implementation in the classroom 



Limiting professional development based on 

scarce resources and discrete funding sources 

Dedicating and reallocating resources to 

support professional learning as an 

essential investment 

Source: (Coggshall, 2012) 237 

Teacher Preparation 238 

Since CA CCSSM-aligned instruction is different in significant ways from the school 239 

math experience of most teachers, the phases of new teacher preparation and induction 240 

are key factors in providing a pipeline of teachers with the skills and knowledge to 241 

provide high-quality CA CCSSM-aligned instruction. Educators of pre-service teachers 242 

need to align their programs to reflect the authentic-context, big-idea based instruction 243 

described in this Framework so that pre-service teachers have the opportunity to 244 

experience it as learners. Factors to consider in the development of CA CCSSM-aligned 245 

teacher preparation programs include the following: 246 

● Early field experience hours that are dedicated to observing and interacting with 247 

students and teachers in authentic mathematics classroom environments 248 

● Student teaching opportunities that include content-rich experiences and 249 

integrated learning experiences 250 

● Mathematics and mathematics methods classes that address mathematics as a 251 

collection of tools and lenses for making sense of authentic contexts, with 252 

emphasis on learning mathematical ideas through the mathematical practices 253 

and active-learning pedagogy rather than passive lecture 254 

● Mathematics methods classes that address pedagogical content knowledge that 255 

facilitates student conceptual understanding of content standards over time and 256 

how to address incorrect and alternative student conceptions of those ideas; 257 

● Mathematics methods classes that address and student teaching experiences 258 

that focus on the nature of mathematics 259 

● Student teaching experiences with mathematics teachers who are effectively 260 

incorporating CA CCSSM 261 

● Effective examples of the development of mathematical ideas through the 262 

investigation of authentic contexts and problems (in both pre-service teachers’ 263 

course work and student teaching) 264 



● Mathematics methods classes that address how to organize instruction around 265 

big ideas and meaningful investigations, rather than isolated standards 266 

● Mathematics and mathematics methods classes that acknowledge the 267 

exclusionary history of the mathematical sciences, explore mathematics from 268 

many cultures in ways that do not center European and European-American 269 

mathematics as the norm and other cultures’ mathematics as “other,” and that 270 

treat exclusionary practices and narratives as one of math education’s biggest 271 

challenges 272 

Additionally, mathematics education faculty and other educators (e.g., university field 273 

advisors, master cooperating teachers) who provide pre-service instruction must be 274 

grounded in the knowledge and skills within the context of CA CCSSM to facilitate their 275 

students’ (pre-service teachers) ability to address the vision of the CA CCSSM. Other 276 

publications are also important resources for guiding the design of high-quality teacher 277 

preparation programs, including the Learning Policy Institute’s Effective Teacher 278 

Professional Development (Darling-Hammond, Hyler, & Gardner, 2017), Preparing 279 

Teachers—Building Evidence for Sound Policy (NRC, 2010), Powerful Teacher 280 

Education, Lessons from Exemplary Programs (Darling-Hammond, 2006), and NCTM’s 281 

Professional Development Guides (NCTM, n.d.). 282 

Induction for New Teachers 283 

Teaching is hard and thoughtful work. New teachers often feel isolated and burdened by 284 

the demands (both managerial and instructional) of working in a classroom. Yet, this 285 

situation can be alleviated to a large degree by the implementation of effective 286 

preparation and support programs specifically tailored to the needs of new teachers. 287 

The following considerations can provide support for prospective teachers of 288 

mathematics: 289 

● As part of the teacher induction process, pair beginning mathematics teachers 290 

with experienced mathematics teachers to act as mentors rather than delegating 291 

induction efforts only to general teacher induction specialists or programs. This 292 

connection may help address the need for inclusion and community, and may 293 



provide the new teacher a sense of ownership of the content and a sense of 294 

belonging in the math department, leading to greater teacher retention. 295 

● Recognize and support the need for elementary teachers to receive math-296 

specific support and mentoring. 297 

● Ensure that beginning math teachers have comparable access to math teaching 298 

resources (including technology, teaching spaces, and materials for hands-on 299 

instruction) as other math teachers in the school. 300 

● Involve new teachers in available Professional Learning Communities or the like, 301 

particularly math-specific ones, in order to promote and aid regular reflection on 302 

their practice (Fulton, Britton, & Doerr, 2010). 303 

● Encourage new teachers to attend math teacher conferences, institutes, and 304 

workshops (and financially support them to do so). 305 

Ongoing Professional Learning for In-service Teachers 306 

Characteristics of Effective Professional Development 307 

Though there are many approaches to professional development—along with multiple 308 

aspects to each approach—some strategies and components have been shown to be 309 

more effective than others. NCTM in Principles to Action (2014) connects education 310 

research to teaching practice with professional learning materials to help educators 311 

learn specific research-based teaching practices. The Learning Policy Institute’s review 312 

of 35 rigorous studies on the implementation of professional development for teachers 313 

noted several elements of effective professional development (Darling-Hammond, 314 

Hyler, & Gardner, 2017). These elements, which are described below, include a focus 315 

on the following: 316 

● content 317 

● active learning 318 

● collaboration 319 

● modeling 320 

● coaching 321 

● feedback and reflection 322 

● sustained engagement 323 



Content Focused 324 

Professional development in any discipline has been found to be most effective when 325 

the content knowledge in that area, in this case mathematics, is a primary focus. 326 

Teachers must have opportunities to explore mathematical big ideas through rich, 327 

authentic, culturally relevant tasks in order to both deepen their own understanding of 328 

mathematics and better anticipate the strategies and struggles their own students might 329 

encounter. Professional development that introduces perspectives or teaching 330 

approaches without intentional connections to mathematics is unlikely to bring about 331 

much change in teachers’ practice. Professional development which intertwines 332 

pedagogical and learning knowledge with mathematics knowledge has much more 333 

potential to result in powerful changes in students’ learning experiences than that which 334 

focuses on pedagogy or content knowledge separately.  335 

Many teachers have experienced mathematics as a set of procedures to be memorized. 336 

Thus, it is critical that they receive opportunities to experience mathematics differently 337 

themselves, lest their own students have their math identities shaped by similar narrow 338 

experiences of mathematics. When teachers work on rich, authentic, culturally relevant 339 

mathematics tasks—through which they can ask their own questions, reason and 340 

communicate with others, develop curiosity and wonder—they start to see mathematical 341 

connections that they may never have seen before. As a result, this often leads 342 

teachers to change their relationship with mathematics, which is an important precursor 343 

to changing their teaching (see also Anderson, Boaler & Diekmann, 2018). This 344 

experience takes time and needs to be carefully organized, with teachers working 345 

together on mathematics in a supportive environment with an expert facilitator. Face-to-346 

face professional development is the ideal way to encourage this experience, but online 347 

courses can also provide this experience, especially when teachers receive funded time 348 

to take the courses in groups. 349 

Based in Active Learning 350 

Teachers benefit most from professional development that actively engages them in the 351 

process of designing and trying out teaching strategies, and provides them with 352 



opportunities to engage in the same style of learning they are designing for their 353 

students. Such professional practice relies on authentic artifacts, interactive activities, 354 

and other strategies to provide deeply embedded, highly contextualized professional 355 

learning. This approach moves away from traditional learning models and environments 356 

that are lecture based and have no direct connection to teachers’ classrooms and 357 

students. Instead, teachers should have opportunities to make sense of student thinking 358 

(in order to assess students’ funds of knowledge and other assets—such as reasoning 359 

and communication practices—that will help drive teacher actions), reflect on their own 360 

and one another’s instructional practices, and discuss connections to their own 361 

classroom. Classroom video is a powerful resource for such reflections and discussions. 362 

For example, professional development may include opportunities to watch videos 363 

showing diverse communities of learners, including EL students, working to high levels 364 

with an expert teacher. Videos and other records of practice such as student work, 365 

should be at the center of professional development opportunities. 366 

Includes Collaboration 367 

Effective professional development requires time and resources for teachers to share 368 

ideas and collaborate in their learning, often at the school level. By working 369 

collaboratively, teachers can create professional learning communities that positively 370 

change the culture and instruction of their entire grade level, department, school and/or 371 

district. As teachers work together on mathematics instruction, they experience the 372 

collaborative and connected mathematics experience that they can recreate for their 373 

own students. They can also share experiences, including challenges, successes, and 374 

insights, to support one another in planning and implementing lessons. Professional 375 

learning communities are also important places to consider ways in which mathematics 376 

instruction can recognize students’ cultural and linguistic assets, to make contexts and 377 

problems ever-more authentic for students. 378 

Uses Instructional Examples 379 

Seeing lessons, tasks, and curriculum in action is a powerful tool for providing teachers 380 

with opportunities to see best practices first hand. Teachers may view examples that 381 



include lesson plans, unit plans, sample student work, observations of peer teachers, 382 

and video or written cases of teaching, such as the many vignettes and snapshots 383 

presented in this framework. Teachers benefit from opportunities to discuss examples of 384 

teaching and make connections to their own classrooms. 385 

Effective professional learning must build teachers’ capacities to notice, analyze, and 386 

respond to students’ thinking (NCTM, 2014, p. 101), and professional learning built 387 

around artifacts of practice such as student work (written, video, or other) provides time 388 

and support to develop these capacities. 389 

Provides Coaching and Expert Support 390 

Implementing new approaches to the practice of teaching can result in issues that arise 391 

in particular classrooms, schools, or even districts. Fortunately, coaching and expert 392 

support has proven extremely effective—especially from district and county math 393 

coaches—when it is structured around a particular purpose (for example, adopting new 394 

curriculum or implementing specific new instructional practices) and is aligned with 395 

school-wide goals and priorities. Peers and teacher leaders with expertise in particular 396 

approaches can be powerful facilitators of growth in encouraging, modeling, and sharing 397 

insight—particularly when supported by administration and appropriate structure. These 398 

leaders can spend time getting to know teachers’ instructional practices, notice assets 399 

that teachers can build on, and work with teachers toward ever-growing capacity to 400 

implement rich, student-centered mathematics lessons. 401 

Includes Feedback and Reflection 402 

High-quality professional development provides dedicated time for teachers to think 403 

about, receive input on, and make changes to their practice by facilitating reflection and 404 

soliciting feedback. Both feedback and reflection enable teachers to establish and refine 405 

realistic goals of changing practice as they move toward expert visions of practice. 406 

Has a Sustained Duration 407 

Effective professional development provides teachers with adequate time to learn, 408 

practice, implement, and reflect upon new strategies that facilitate growth in their 409 



practice. Professional development which engages teachers in making incremental 410 

changes over time (and reinforces already-effective practices) can bring about lasting 411 

positive changes. 412 

Planning for Effective Professional Learning 413 

Achieving this framework’s vision of mathematics education will require improved 414 

systems of professional learning. Teachers, specialists, paraprofessionals, and school 415 

and district leaders need to identify personal and collaborative learning goals that 416 

articulate across grade levels and departments, focusing on curriculum, instruction, and 417 

assessment strategies that embrace the vision of the CA CCSSM and this framework. 418 

The school, district, and other LEAs must become “learning organizations” (Senge, 419 

1990) that are engaged in continuous improvement around the teaching and learning of 420 

mathematics. At every level (grade level, department, school, district) educators must 421 

share a vision that focuses on student learning, collaboration, collective inquiry, shared 422 

practices, reflection, and results (Louis, Kruse, and Marks, 1996; DuFour, 2004; Hord & 423 

Sommers, 2008). 424 

County offices of education, districts, schools, and professional learning providers can 425 

use the report Effective Teacher Professional Development (Darling-Hammond, Hyler, 426 

& Gardner, 2017) as a resource for planning these types of learning experiences. This 427 

report gives much more detail about the features of effective professional learning 428 

described above. 429 

Another resource for those designing professional learning opportunities is the guide 430 

Professional Development Design Framework (Loucks-Horsley, S., Stiles, K. E., 431 

Mundry, S., Love, N., & Hewson, P. W., 2010). Through their research with national 432 

professional developers, Loucks-Horsley and her colleagues also found that effective 433 

programs had several common characteristics. They were designed to meet various 434 

factors, to change over time, and to adapt to particular goals and contexts. There were 435 

no formulas; instead, the designers used a process of thoughtful, conscious decision 436 

making. The authors used these factors and processes to create the framework as seen 437 

in figure 9.X below. 438 



Figure 9.X. Professional Development Design Framework 439 

Source: Loucks-Horsley et al., 2010.  440 

At the center of the design framework, illustrated in the six squares connected with 441 

horizontal arrows, is a planning sequence that includes the following topics: (1) 442 

committing to a vision and a set of standards; (2) analyzing student learning and other 443 

data; (3) goal setting; (4) planning; (5) doing; and (6) evaluating . The circles above and 444 

below the planning sequence represent important inputs into the design process that 445 

can help designers of professional learning make informed decisions. These inputs 446 

prompt designers to consider the extensive knowledge bases that can inform their work 447 

(knowledge and beliefs), to understand the unique features of their context, to draw on a 448 

wide repertoire of professional development strategies, and to wrestle with critical 449 

issues that instructional reformers will encounter. 450 

While there is no exact starting place for using the design illustrated in Figure 9.X, it is 451 

crucial that planning not start with strategies—though can seem most appealing. 452 

Instead, the use of evidence (what are the assets, what are the needs) is encouraged. 453 

Additional considerations should be made, such as thinking about short- and long-term 454 



approaches (up to five years), considering teacher career trajectories, and supporting 455 

teachers accordingly (Task Force on Educator Excellence, 2012). 456 

However, developers of professional learning must also be mindful of the need to be 457 

flexible and adaptive, and they must be willing to refine their ideas as the 458 

implementation process is being evaluated. As the design and implementation phases 459 

are taking place, recommendations from Innovate: A Blueprint for Science, Technology, 460 

Engineering, and Mathematics in California Public Education (STEM Task Force, 2014) 461 

and the characteristics of effective professional learning should also be considered 462 

during the design phase. 463 

A note of caution: while the Professional Development Design Framework in Figure 9.X 464 

looks linear and sequential, it really is not. What is most important is to pay attention to 465 

the four core design inputs, where they impact the design of the program, and how they 466 

are addressed during implementation. 467 

Models and Strategies: Effective Professional Learning 468 

The characteristics of effective professional learning can be implemented through many 469 

professional development models and strategies, including the following: 470 

Models 471 

● Professional Learning Communities: opportunities for teachers to collaborate with 472 

each other, administrators to collaborate with their teachers in a team setting 473 

● Classroom coaching: A mathematics coach is an individual who is well-versed 474 

in mathematics content and pedagogy and who works directly with classroom 475 

teachers to improve student learning of mathematics (Hull, Balka, & Miles, 2009). 476 

● Lesson Study (see below) 477 

● Math Labs: Collaborative design and instruction cycle, similar to Lesson Study 478 

but with collaborative instructional decisions even during the lesson’s 479 

implementation (Kazemi, Gibbons, Lewis, Fox, Hintz, Kelley-Petersen, Cunard, 480 

Lomax, Lenges, & Balf, 2018) 481 

● Content-intensive institutes with follow-up workshops (see below) 482 



Strategies 483 

● Backwards design: importance of student learning outcomes in lesson design  484 

● Implementation of and alignment with the guidelines of Universal Design for 485 

Learning (UDL) 486 

● Networking and community building around mathematics instruction: Math 487 

Teacher Circles (https://www.mathteacherscircle.org/), teacher fellowship 488 

programs (e.g., https://knowlesteachers.org/teaching-fellowship/teaching-fellows-489 

program), Math professional associations (e.g., California Mathematics Council, 490 

https://www.cmc-math.org/) 491 

● Partnerships with university mathematics and mathematics education faculty: 492 

Bridging the research–practice divide 493 

Below, we expand on three models that are supported by research into effective 494 

professional development in mathematics: Lesson Study, sustained content-focused 495 

courses with school-year follow-up, and coaching. In a survey of the effectiveness of 496 

643 professional development models, only two models were found to have a significant 497 

positive effect on students’ learning: Lesson Study and sustained content-focused 498 

summer courses with pedagogy-oriented structured academic year follow-up (Gersten, 499 

Taylor, Keys, Rolfhus, & Newman-Gonchar, 2014). Coaching models are very common 500 

in California schools, but “...there is little empirical evidence that coaching improves 501 

teacher practice” (Desimone & Pak, 2017). However, some structured coaching models 502 

show more promise for instructional improvement than individual one-on-one models 503 

(Gibbons, 2017). 504 

Lesson Study 505 

Lesson study is a type of professional learning where teachers engage in an inquiry 506 

cycle that supports their ability to experiment, observe and improve their teaching by 507 

collaboratively researching, creating, teaching/observing, and revising a lesson. Lesson 508 

study, which originated in Japan, has been shown to be an effective model for 509 

professional development with its deliberate focus on planning and teaching practice as 510 

well as inquiry, creativity, and collaboration (Lewis & Hurd, 2011). 511 

https://www.mathteacherscircle.org/
https://knowlesteachers.org/teaching-fellowship/teaching-fellows-program
https://knowlesteachers.org/teaching-fellowship/teaching-fellows-program
https://www.cmc-math.org/


Due to its proven effectiveness in positively impacting student learning, the California 512 

Mathematics Project (CMP) formally adopted lesson study as a preferred means of 513 

professional development in 2018, and the CMP spearheaded the creation of the 514 

California Action Network for Mathematics Excellence and Equity (CANMEE, 515 

https://cmpso.org/canmee/). CANMEE supports California schools and districts in their 516 

implementation of high-quality lesson study. The Lesson Study Group at Mills College 517 

(https://lessonresearch.net/) provides many online resources to support such 518 

implementation. 519 

The lesson study cycle consists of four phases (adapted from 520 

https://lessonresearch.net/about-lesson-study/what-is-lesson-study/). 521 

 522 

In the Study Phase, a team of teachers collaborates to: 523 

● Identify long-term goals for students 524 

● Choose the subject and unit to investigate 525 

● Study standards, research, and curricula 526 

In the Plan Phase, using insights from the Study Phase, the team: 527 

● Examines the unit and chooses one lesson to plan in depth 528 

● Articulates the lesson goals 529 

● Tries the lesson task and anticipates student thinking 530 

● Identifies data to be collected during the lesson 531 

https://cmpso.org/canmee/
https://lessonresearch.net/
https://lessonresearch.net/about-lesson-study/what-is-lesson-study/


In the Teach Phase, the team puts that lesson into action: 532 

● One team member teaches the lesson 533 

● Other team members observe and record student thinking and learning 534 

In the Reflect Phase, the team then reflects on their work by: 535 

● Meeting after the lesson to discuss data on student thinking and learning 536 

● Having an outside specialist provide further commentary 537 

● Reflecting on what they learned during the cycle as a whole 538 

Some or all of these phases are often repeated by a team as a team often wishes to 539 

redesign a lesson based on realizations made in the Reflect phase, and teach it again 540 

to another class of students. 541 

It is important to note that the “product” of a Lesson Study cycle is more than a refined 542 

lesson plan: Team members deepen their understanding of content and student 543 

thinking, their commitment to collaboration, and their ability and inclination to base 544 

instructional decisions on evidence of their students’ thinking. 545 

Lesson Study Vignette 546 

[Lesson study vignette to go here: EL focus]  547 

Content-focused workshops with follow up 548 

“One and done” professional development sessions have shown little impact on 549 

teaching practice or student learning (Darling-Hammond, Hyler, & Gardner, 2017). In 550 

addition to Lesson Study, sustained content-focused professional courses/workshops 551 

with school-year pedagogy-focused follow up have also demonstrated positive impact 552 

on student learning (Gersten et al., 2014). There are several partner organizations in 553 

California that work with districts and schools to provide these opportunities. 554 

The California Mathematics Project (CMP) is a state-supported K–16 network dedicated 555 

to providing students a rich, rigorous, and coherent mathematics curriculum taught by 556 

competent and confident mathematics teachers who foster all students’ proficiency in 557 



mathematics—achieving equity in quality (https://cmpso.org/). The 19 regional sites of 558 

the CMP are co-led by university faculty and teacher leaders, creating high-quality 559 

professional learning focused on pedagogical and content knowledge development. 560 

CMP enhances teachers’ mathematical content knowledge and pedagogical content 561 

knowledge that is aligned to the CA CCSSM and the 2013 Mathematics Framework. All 562 

teachers and students become competent mathematical thinkers as they investigate, 563 

conjecture, and justify. 564 

Youcubed (https://www.youcubed.org/) is a nonprofit based at Stanford University 565 

whose mission is “Inspiring Math Success for all Students through Growth Mindsets and 566 

Innovative Teaching.” Partner districts work with Youcubed to design sustained growth-567 

mindset based professional learning opportunities. Youcubed also provides extensive 568 

online resources. 569 

The Silicon Valley Mathematics Initiative (SVMI; https://svmimac.org/) is a 570 

comprehensive effort to improve mathematics instruction and student learning. The 571 

Initiative is based on high performance expectations, ongoing professional 572 

development, examining student work, and improved math instruction. The Initiative 573 

includes a formative and summative performance assessment system, pedagogical 574 

content coaching, and leadership training and networks. Its professional development 575 

offerings and other resources are available to member districts and schools throughout 576 

California. 577 

Professional Learning Vignette: California Mathematics Project  578 

[CMP vignette goes here] 579 

Professional Learning Vignette: Tulare County–Youcubed partnership 580 

This vignette describes a model of professional learning which combines a focus on 581 

mathematical mindset as well as content knowledge, through a model of paid time in 582 

which teachers can learn and plan together, with shared goals and resources. 583 

The Tulare County Office of Education partnered with Youcubed and with several 584 

school districts in offering a blended model of professional learning for teachers and 585 

https://cmpso.org/
https://www.youcubed.org/
https://svmimac.org/


leaders across 11 school districts. The partnership was called the Central Valley 586 

Networked Improvement Community (CVNIC).  County leaders chose fifth grade as the 587 

focus of the work as only 17 percent of students met or exceeded CA CCSSM. During 588 

the year-long partnership, teachers and their administrators were given funded time to 589 

take the online class “How to Learn Math” (https://www.youcubed.org/how-to-learn-590 

math-for-teachers/) and to meet in groups to plan classroom changes. The meeting time 591 

was facilitated by county office leaders who facilitated full-day sessions to collaborate 592 

on mathematics to plan classroom changes. The network focused on understanding the 593 

importance of growth mindsets in mathematics and the importance of students seeing 594 

mathematics as a connected, visual subject, with classroom strategies that fostered this 595 

approach. 596 

The teachers shared that many of their students, especially those designated as 597 

language learners, were underachieving, and had developed the idea they did not “have 598 

a math brain” and that math was a set of procedures to memorize. Table x shows the 599 

percentage of students by ethnicity, socio-economic status, language learning and their 600 

proficiency on the fifth-grade CAASPP tests, that were involved in the initiative: 601 

602 

The professional development sessions conducted by the county included engaging the 603 

teachers with rich mathematics tasks that were visual and showed the connected nature 604 

of mathematics (e.g., https://www.youcubed.org/tasks/). As the teachers worked they 605 

were reminded that struggle was important for developing the brain and that they could 606 

learn anything. The teachers in the networked community all started the school year 607 

with the “week of inspirational math” lessons (www.youcubed.org/week-inspirational-608 

https://www.youcubed.org/how-to-learn-math-for-teachers/
https://www.youcubed.org/how-to-learn-math-for-teachers/
https://www.youcubed.org/tasks/
http://www.youcubed.org/week-inspirational-math/


math/). The schools across the districts surveyed the students to learn their ideas about 609 

mathematics and themselves, at the beginning and end of the year of the intervention. 610 

Each time the teachers took a lesson from the online course, they met to discuss the 611 

changes they intended to make in their classrooms. As the year progressed the 612 

teachers started using rich, visual, creative mathematics tasks more frequently and 613 

started to adapt their textbook tasks, making them more open, and asking students to 614 

draw their ideas and talk about them. The teachers reflected that this had given 615 

students—and the teachers, too—new access to understanding. As one teacher 616 

shared: 617 

When I first started this journey, I was always doing the algorithm because that 618 

was my safety net. Now I’m thinking, “Okay, how am I going to draw this? How 619 

do I visually see this?” Now I understand why the algorithm works, because I now 620 

have this totally clear picture in my head. Which has been a really good thing 621 

when it comes to things like fractions. And for these kids, it’s like, “Oh, that’s why 622 

it works.” (fifth-grade teacher). 623 

Another teacher noted: 624 

Oh, the visuals.... They love that too, cause with their ideas of how it would form, 625 

and how they would build. I do it periodically. Just throw up a visual with different 626 

things and say, “Okay, what do you see? What don’t you see? What might you 627 

see? What could be the next thing?” (fifth-grade teacher) 628 

The county leaders and the Youcubed team developed a mindset guide to help 629 

teachers and leaders understand the important aspects of a mathematical mindset 630 

focus. The guide includes advice for giving mindset messages, using rich tasks and 631 

emphasizing mathematical and student connections, and assessing students in ways 632 

that are compatible with a mindset approach. County officials observed classrooms at 633 

several intervals and recorded the teachers’ practices in relation to the features of the 634 

guide. Table x shows that the teachers developed their practice in relation to all five 635 

features of the guide. At the beginning of the year, high proportions of teachers were at 636 

http://www.youcubed.org/week-inspirational-math/


the “beginning” level of the five classroom features, by the middle of the year, more 637 

teachers were at the “developing” and “expanding” levels, with three of the features 638 

reaching significance levels. For example, the teachers’ practice on the “nature of 639 

mathematics” significantly improved (t = 3.03, p = 0.005). 640 

Table x641 

 642 



The Mindset Guide, used for training teachers and as an observational tool:643 

 644 



 645 



 646 

 647 



 648 

(These graphics and the videos embedded in them are available online at 649 

https://www.youcubed.org/mathematical-mindset-teaching-guide-teaching-video-and-650 

additional-resources/.) 651 

The blended model of professional learning brought about several changes over the 652 

school year. Importantly, the teachers who took part in the network changed their own 653 

views of themselves—prior to taking the online course many teachers had believed they 654 

could not be good at mathematics, and that mathematics was a set of procedures. As 655 

teachers changed these ideas about themselves, and about mathematics, they were 656 

able to teach differently. One of the teachers reflected on this personal change saying: 657 

“I thought it was going to be great for the kids, I never expected it to change me, 658 

that’s been my greatest revelation in all of it.” 659 

By the end of the school year the students of the teachers in the network achieved at 660 

significantly higher levels on the mathematics portion of the CAASPP. The focus on 661 

mindset particularly raised the achievement of girls, language learners, and 662 

https://www.youcubed.org/mathematical-mindset-teaching-guide-teaching-video-and-additional-resources/
https://www.youcubed.org/mathematical-mindset-teaching-guide-teaching-video-and-additional-resources/


economically disadvantaged students (see Anderson et al, 2019). A survey taken by 663 

over 400 students showed that students significantly changed their beliefs, particularly 664 

changing their view that only fast thinkers could be successful, and their belief that only 665 

some people could be successful (t = -8.69, p < 0.001). 666 

Teachers reflected that their changed classroom environments, that valued struggle and 667 

multi-dimensional mathematics, deeply and positively impacted their students: 668 

“The kids were thrilled, going ‘Oh my gosh, he’s doing it like that? It’s OK that we 669 

struggle? It’s OK we think differently?’”  670 

“I just want you to know this has meant a lot. Seeing how positive the kids are 671 

about their learning now has made a world of difference. The confidence they 672 

have is unlike anything I have ever seen.” 673 

Notably, the teachers also shared that the change in their teaching had started with a 674 

change in their own relationship with mathematics: 675 

Analyses of the impact of the blended professional learning highlighted the importance 676 

of the combined attention to mindset (valuing brain growth and struggle), and to 677 

mathematics—working with teachers to open-up tasks and value multidimensional work 678 

(visual, numerical, verbal, modelling). The time that teachers were given to work 679 

together, access online and face-to-face professional development, and experience 680 

creative mathematics themselves, was critical to the success of the network. The 681 

blended approach and the details of teacher and student change is explained fully in 682 

Anderson et al, 2019: https://www.mdpi.com/2227-7102/8/3/98. 683 

Structured Coaching 684 

Instructional coaching best contributes to school-wide mathematics instructional 685 

improvement when it is used as a tool to support the collective learning of teachers 686 

(Gibbons, 2017). In other words, the “provides coaching and expert support” 687 

characteristic of effective professional learning does not stand alone: Designating a 688 

“good math teacher” as a coach has not proven to improve teaching practice by itself. 689 

https://www.mdpi.com/2227-7102/8/3/98


Coaching is effective when it is structured to provide more than a model/co-teach/you 690 

teach feedback loop: “Coaches need to engage teachers in fundamental dialogue about 691 

mathematical content, mathematical learning, and student understanding” (Campbell & 692 

Griffin, 2017). Thus, coaching is effective when it is part of a broader professional 693 

learning plan that incorporates most or all of the other characteristics of effective 694 

professional learning, as in the following vignette. 695 

Coaching resources, Coaching vignette 696 

[Coaching vignette goes here: Culturally-sustaining pedagogy focus]   697 

Teacher Leadership 698 

Ultimately, successful development and implementation of effective professional 699 

learning for teachers relies on expertise, which requires district capacity. The continued 700 

use of outside expertise can diminish the district’s capacity to build internal leadership; 701 

conversely, using in-house personnel without the necessary expertise is not effective. 702 

Districts must consider ways to build teacher, curricular, and administrative leadership, 703 

with the assistance of outside sources, to strengthen their long-term capacity to improve 704 

math learning. Every district will have some teachers who have more interest in and are 705 

more active in seeking opportunities to develop their capacity to provide authentic 706 

mathematics learning opportunities. Identifying these “early adopters” and giving them 707 

support for their own learning—as well as leadership roles in supporting other 708 

teachers—can be an effective way to strengthen a school or district’s professional 709 

learning networks for mathematics.  710 

This section begins with the development of teacher leadership as a core strategy for 711 

supporting improvement in teaching and learning, because research indicates that 712 

leadership and support are required in order for professional learning experiences to be 713 

turned into changes in teaching and learning practices (Lieberman & Miller, 2008; Weiss 714 

& Pasley, 2009). Teacher leadership is associated with increased teacher learning and 715 

creating collaborative professional cultures (York-Barr & Duke, 2004; Werner & 716 



Campbell, 2017), as well as being positively related to increased student achievement 717 

(Waters, Marzano, & McNulty, 2003). 718 

Teacher leadership addressed in this section resonates with a definition of leadership 719 

from Julian Weissglass (1998): “Teacher leadership is about taking responsibility for 720 

what matters to you.” In other words, teacher leaders include every teacher, those who 721 

are seeking or are designated teacher leaders, department chairs, teachers on special 722 

assignment, mentors and coaches, etc. Everyone has the capacity for leadership, and 723 

one goal of math teacher leadership is to have many, rather than a few, people leading 724 

creatively every day and in all aspects of their lives (Kaser, Mundry, Stiles, & Loucks-725 

Horsley, 2013). This view of teacher leadership differs from the traditional view in that 726 

leadership is not about power and authority. Instead, it embraces five practices of 727 

exemplary leaders (Kouzes & Posner, 2003), as listed in Table 9.X. 728 

Table 9.X. Practices of Exemplary Leadership 729 

 730 

PRACTICES OF EXEMPLARY LEADERS DESCRIPTOR 

Challenging the process Searching for opportunities to change the 

status quo and innovative ways to improve 

Inspiring a shared vision Seeing the future and helping others create an 

ideal image of what the organization can 

become 

Enabling others to act Fostering collaboration and actively involving 

others 

Modeling the way Creating standards of excellence and leading by 

example 

Encouraging the heart Recognizing the many contributions that 

individuals make, sharing in the reward of their 

efforts, and celebrating accomplishments 

 731 

Leadership development requires explicit attention, clear expectations, and resources—732 

time and expertise (Hopkins, Spillane, Jakopovic, & Heaton, 2013; Yow & Lotter, 2016). 733 

Math teacher leaders need to continually build their: (1) in-depth understanding of the 734 

mathematics content and practices of the CA CCSSM; (2) thorough knowledge of the 735 



best practices in teaching and learning based in authentic contexts and problems; (3) 736 

understanding of school culture, organization, and politics; (4) understanding of change 737 

theory; (5) knowledge of how adults learn; and (6) practices that embrace continuous 738 

improvement. Additionally, leaders need skills in facilitation and communication, using 739 

data and decision making, and organization, to name a few. 740 

Teacher leaders can take on a variety of roles to help colleagues and other educators, 741 

as well as parents, guardians, and community members become more aware of and 742 

aligned with improvements in mathematics teaching and learning. 743 

These roles include leading in the areas of (1) instruction and assessment; (2) 744 

curriculum and instructional materials; (3) school culture that is supportive and proactive 745 

for the implementation of the CA CCSSM (4) community support and advocacy for 746 

active, authentic math instruction; and (5) mathematics classroom implementation of the 747 

California ELA/ELD standards. An explicit current in all of these roles must be access 748 

and equity for all students. 749 

To develop these knowledge and skill sets, teacher leaders need professional learning 750 

targeted toward leadership. Learning experiences are most productive when they occur 751 

over time, provide feedback, are anchored in the practice of instructional leadership, 752 

and ground the leaders in mathematics practices and content (Fullan, 2015; Kaser et 753 

al., 2013; Darling-Hammond, Hyler, & Gardner, 2017). Districts need to develop 754 

leadership programs that embrace these attributes, and/or encourage their teacher 755 

leaders to participate in these types of leadership experiences through programs such 756 

as the California Mathematics Project, the Silicon Valley Mathematics Initiative, 757 

Youcubed, and the California Mathematics Council. 758 

Teacher leadership can be manifested in many forms, including presenting (at the site, 759 

district, or professional organization level), consulting (as informal specialists for other 760 

math teachers), facilitating (site-level department collaboration, Lesson Study groups, 761 

and district-level efforts such as assessment and vertical alignment choices), and 762 

coaching.  763 



The extensive literature on teacher leadership cited in this section gives ample sources 764 

for further learning by those seeking to empower and support teacher leaders. 765 

Administrative Leadership for Professional Learning 766 

Administrators play a key role in helping create and sustain a multi-layered system of 767 

support for teachers in their pedagogy and professional learning. There are several 768 

dimensions to the types of specific support administrators can provide, including having 769 

well-informed conversations about teaching and assessment, as well as feedback on 770 

instruction and critical conversations about instruction. 771 

Together with their teaching staff and paraeducators, administrators may need to seek 772 

opportunities to understand more about the nature of mathematics learning and 773 

teaching presented in this framework. In establishing and maintaining regular 774 

communication with teachers about their teaching, their students, and the curriculum, 775 

administrators play a pivotal role in the confidence and vision necessary to help 776 

teachers explore new ways of ensuring all students can engage with mathematics. The 777 

guidance presented in this framework can serve as a starting point in helping to 778 

structure these conversations. 779 

Administrators should be aware of this framework’s responses to the challenge posed 780 

by the principle of coherence. They are: progressions of learning across grades (thus, 781 

grade-band chapters rather than individual grade chapters), big ideas, and relevance 782 

to students’ lives. In particular, the learning progressions chapters (Chapters 3: Number 783 

Sense; Chapter 4: Exploring, Discovering, and Reasoning With and About Mathematics; 784 

and Chapter 5: Data Science) highlight the value in building powerful ideas about 785 

numbers and data that, over time, grow in meaning and resonate in subsequent grades’ 786 

topics; and on focusing learning upon productive habits of mind such as exploration, 787 

discovery and communication involving mathematics. 788 

Administrators should be aware of the general principles guiding the development of the 789 

grade-band chapters (Chapters 6, 7, and 8). In general, these principles include: 790 

designing lessons from a small number of big ideas in each grade band; a 791 



preponderance of student time spent on authentic problems that engage multiple 792 

content and practice standards situated within one or more big ideas; a focus on 793 

connections, both between students’ lives and mathematical ideas; and strategies 794 

between different mathematical ideas of various topics across grade level. 795 

Working with their teaching staff, administrators may need to identify opportunities to 796 

learn more about inclusive teaching strategies. Chapter 2 (Teaching for Equity and 797 

Engagement) sets out the important qualities of mathematics classrooms that 798 

encourage student engagement and equitable outcomes. Through professional 799 

workshops, conferences, or other professional learning, administrators can support their 800 

teachers in this important learning. They should also draw upon teacher leaders at their 801 

school site or within their district who can provide support and knowledge of inclusive 802 

teaching approaches, especially those that focus on students who are English learners 803 

(ELs) and students with learning differences. There are many resources for 804 

administrators to learn more about math teaching and learning to address issues of 805 

equity and promote social justice, including the following: 806 

● TODOS: Mathematics for All (https://www.todos-math.org/professional-dev) 807 

● A Pathway to Equitable Math Instruction (https://equitablemath.org) 808 

● Just Equations (https://justequations.org/resource/branching-out-designing-high-809 

school-math-pathways-for-equity/) 810 

● Youcubed.org (youcubed.org) 811 

● Batmath (batmath.org/) 812 

● The Quality Professional Learning Standards, developed by the California 813 

Department of Education (https://www.cde.ca.gov/pd/ps/qpls.asp) 814 

● The Teaching for Robust Understanding (TRU) Math Framework 815 

(https://truframework.org/) 816 

● The Strategic Education Research Partnership (https://www.serpinstitute.org/) 817 

● Inside Mathematics (https://www.insidemathematics.org/) 818 

● Mathematics Assessment Project (https://www.map.mathshell.org/index.php) 819 

● Development and Research in Early Math Education (DREME) 820 

https://dreme.stanford.edu/ 821 

https://www.todos-math.org/professional-dev
https://equitablemath.org/
https://justequations.org/resource/branching-out-designing-high-school-math-pathways-for-equity/
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about:blank
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https://truframework.org/
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An important idea conveyed in this framework is that all students deserve access to 822 

high-level mathematics curriculum. The tradition of ability grouping and tracking 823 

students in the elementary and middle years has resulted in widespread racial 824 

inequalities and the filtering of many students out of Science, Technology, Engineering, 825 

and Mathematics (STEM) pathways. This framework recommends that all students take 826 

the same, rich mathematics courses in K–8. The chapters on high school pathways and 827 

data science set out a structure for high school that will be new to many administrators, 828 

including the provision of a pathway in data science and statistics that can be taken as 829 

an alternative, or in addition, to calculus. This pathway should be open to all students, 830 

not only those who have been selected as mathematically oriented in younger grades. 831 

The provision of real data, and the encouragement of students to ask their own 832 

questions of the data, has the potential to broaden participation and make STEM 833 

pathways considerably more equitable. As new courses are developed and introduced 834 

into schools, it is important that administrators hold equity as a guiding principle and 835 

work to encourage equitable participation in the new courses. 836 

The instructional vignettes in the framework can guide administrators to develop an 837 

awareness of the different teaching strategies and classroom conversations that provide 838 

opportunities to improve professional practice, and reflect upon the ways they can 839 

nurture these types of experiences for their math teachers. The vignettes highlight the 840 

central role of classroom discourse and rich, open tasks in teaching and learning 841 

mathematics. One key perspective for administrators to recognize is that standards-842 

driven instruction does not mean that each task results in learning of a single 843 

standard—in fact, multiple standards can often be learned through engagement with the 844 

rich tasks with multiple access points called for in Chapter 2. Administrators who 845 

understand that exploring a big idea through a single rich task that provides 846 

opportunities for students to communicate their thinking with their peers and their 847 

teacher also understand that this often results in multiple standards learned, or 848 

reconnected with, in ways that foster both positive disposition toward mathematics and 849 

learning which lasts. 850 



Additionally, administrators must acknowledge the inequities often perpetuated through 851 

traditional assessment strategies in the mathematics classroom, and how these 852 

assessment approaches can be re-envisioned (as described in Chapter 10) to provide a 853 

balanced approach in assessing the effectiveness of mathematics instruction. They 854 

understand that the results of multiple assessment strategies—rather than a single 855 

score on a test—reflect a more complete understanding of student learning. Standards-856 

based assessment provides an approach to grading that focuses learning on standards 857 

and mastery rather than emphasizing grade ranges or percentages. Broadened 858 

approaches to assessment in a district/school often mean that administrators prioritize 859 

participation in ongoing professional learning on the topic of mathematics education and 860 

assessment of learning. Administrators leverage their understanding and use of the 861 

Multi-Tiered System of Support (MTSS; 862 

https://www.cde.ca.gov/ci/cr/ri/mtsscomprti2.asp) by supporting teachers in aspects of 863 

MTSS implementation such as integration of instruction with intervention and a focus on 864 

continuous improvement.  865 

Several ways that administrators can help support and incentivize effective professional 866 

learning are outlined in “Effective Teacher Professional Development” (Darling-867 

Hammond, Hyler, & Gardner (2017): 868 

1. Since a critical component of rich learning is the planning time and pedagogical 869 

knowledge necessary to facilitate an active mathematics learning environment, 870 

administrators should prioritize time for professional learning and collaboration 871 

when designing schedules. Professional learning communities, peer coaching 872 

and observations across classrooms, and collaborative planning all provide 873 

important opportunities for educator learning. 874 

2. Periodic needs assessments (at school or district level) use staff surveys to 875 

identify areas of professional learning most needed and desired by educators. 876 

This helps ensure that professional learning is connected to practice and makes 877 

impact on practice much more likely. 878 

https://www.cde.ca.gov/ci/cr/ri/mtsscomprti2.asp


3. District and school administrators should identify and develop expert teachers as 879 

mentors and coaches to support the professional learning of other educators. 880 

These “expert teachers” need their own support, structure, and professional 881 

learning in order to be effective. 882 

4. Districts and schools should ensure that professional learning opportunities are 883 

integrated with efforts to implement legal requirements such as the Every 884 

Student Succeeds Act (ESSA) school improvement initiatives. Mandates—such 885 

as the use of data to inform instruction and the creation of positive and inclusive 886 

learning environments—are primarily effective only when educators experience 887 

them as supportive of their improving classroom practice, as opposed to 888 

compliance exercises that add more paperwork to busy days. 889 

5. In order to address professional learning needs of rural communities and to 890 

develop intra-district and intra-school collaboration, Titles II and IV of ESSA 891 

should be used to support technology-facilitated opportunities for professional 892 

learning and coaching. 893 

6. District and school administrators can seek out funding which supports 894 

professional learning opportunities and connect this to continuing education 895 

units. These opportunities can include many of the types listed below, such as 896 

institutes, workshops, mathematics-specific conferences, and seminars, and also 897 

sustained engagement in collaboration, mentoring, and coaching. Possible 898 

funding sources include Local Control Accountability Plans, state and federal 899 

grant programs, community/business partnerships, and foundations. 900 

Some specific tools to aid instructional leaders in supporting quality mathematics 901 

instruction include organizations that are available to partner with schools, as well as 902 

observation and planning guides: 903 

● The California Mathematics Project (https://cmpso.org/) is a statewide network 904 

“dedicated to providing students a rich, rigorous, and coherent mathematics 905 

curriculum taught by competent and confident mathematics teachers who foster 906 

https://cmpso.org/


ALL students’ proficiency in mathematics—achieving equity in quality.” The 907 

regional sites of the Math Project work with schools and districts to craft 908 

professional development appropriate to local needs.  909 

● The Silicon Valley Mathematics Initiative (https://svmimac.org/) is a organization 910 

whose professional development offerings are available to member districts and 911 

schools throughout California. 912 

● County offices of education (COEs) offer disciplinary and professional learning 913 

expertise that is often more than (especially small) districts can maintain, and 914 

COEs can work with districts to design and organize many professional learning 915 

opportunities. 916 

● The 5×8 card (https://www.serpinstitute.org/5x8-card) is a tool designed by and 917 

for site administrators to guide their instructional observations to focus on student 918 

actions that lead to powerful mathematics learning. 919 

● Inside Mathematics has collected tools for administrators 920 

(https://www.insidemathematics.org/tools-for-educators/tools-for-administrators). 921 

These include a tool for planning reflective conversations with teachers and 922 

guides for building and sustaining rigorous instructional programs. 923 

These organizations and tools enable administrators’ critical role in conveying high 924 

expectations for mathematics instruction—expectations made attainable by providing 925 

teachers with resources, including time for planning lessons, professional learning, and 926 

collaboration—with a focus on and aligned to agreed-upon school-wide priorities and 927 

strategies. Administrators can provide constructive, informative feedback that builds on 928 

teachers’ strengths, while the teachers implement their plans. Frequent discussions 929 

about mathematics teaching and collaborations around mathematics lessons can allow 930 

the school administrator to engage teachers in productive conversations and provide 931 

relevant feedback on instructional practices. A formal observation in a classroom, 932 

typically scheduled once a year, is insufficient to gain an understanding of, and support, 933 

teachers’ instruction. Scheduling frequent and sustained interaction with teachers 934 

improves an administrator’s engagement with students and teachers, and allows them 935 

to glean a more complete picture of the instructional practices used by their teachers 936 

and which supports are needed to bring about positive growth. 937 

https://svmimac.org/
https://www.serpinstitute.org/5x8-card
https://www.insidemathematics.org/tools-for-educators/tools-for-administrators


Role of Parents, Guardians, and Families 938 

While the school classroom is a primary learning environment for mathematics 939 

education, home and community also play significant roles. Through involvement at 940 

every level, parents, guardians, and families can motivate students to develop a lifelong 941 

appreciation of math learning. Families can also provide a supportive home setting for 942 

students to learn and prepare for school. Enlisting parents, guardians, and families in 943 

understanding and supporting authentic mathematics education and active learning 944 

pedagogy is key.  945 

Because the CA CCSSM and this framework present mathematics instruction that is 946 

significantly different than what many parents experienced as students, it is critical to 947 

educate parents and guardians about what to expect and about the reasons and 948 

research behind the changes. Educating and engaging parents and guardians should 949 

include opportunities for them to experience rich, authentic, culturally sustaining 950 

mathematical tasks in active-learning ways (including support for parents who speak 951 

languages other than English), not simply written descriptions of it. Furthermore, 952 

parents and guardians who become more knowledgeable through such an experience 953 

can more effectively support students’ learning beyond the classroom. Parents and 954 

guardians can monitor their student’s progress not just for content knowledge, but for 955 

understanding of and engagement in mathematical practices or a developing inclination 956 

to use mathematics to make sense of their world. Parents and guardians can also foster 957 

social interactions (e.g., by providing support for collaborative classroom or out-of-958 

classroom projects) and become involved in educational activities promoted at the 959 

school site (e.g., Math fairs and math clubs). 960 

A model to support the development of family and school partnerships is the National 961 

Parent Teacher Association (PTA), which has developed standards for Family-School 962 

Partnerships (https://www.cde.ca.gov/ci/sc/cf/ch12.asp#link11). These standards focus 963 

on several aspects of the partnership, providing recommendations on how to foster 964 

effective communication and trust to support students’ success. In addition to the 965 

standards, the National PTA has developed a guide that provides a rubric with 966 

https://www.cde.ca.gov/ci/sc/cf/ch12.asp#link11


examples for what family-school partnerships look like at the emerging, progressing, 967 

and excelling levels. Parents, guardians, families, and school leaders may want to use 968 

these examples to evaluate and enhance the family-school collaboration at their school 969 

site. Specifically, involving parents who have a background in mathematics (including in 970 

such areas as the building trades and cooking, as well as more traditional STEM areas) 971 

will help develop partnerships with the community that can provide much-needed 972 

support for classroom instruction. 973 

The California ELA/ELD Framework provides specific suggestions for parent, guardian, 974 

and family involvement when those families speak a language other than English or are 975 

new to the United States. When possible, having parents who have experience with 976 

mathematics and speak a home language that students also speak would be a great 977 

support for the parents of those students who are not as experienced with mathematics 978 

(CDE 2014, Chapter 11). 979 

Conclusion  980 

A broad system of support to enable all students to succeed in their mathematics 981 

learning consists of many interconnected parts. Teachers, as the drivers of learning, 982 

continually refine and adapt their practice to address the many dimensions in creating a 983 

rich mathematical learning environment focused on active learning for all students in 984 

their classrooms. By supporting teachers with the resources, time, insight and 985 

encouragement to be effective practitioners of their craft, administrators serve a critical 986 

role in the system. The elements for effective professional development described in 987 

this chapter provide administrators and other stakeholders with guidance on creating 988 

high-quality learning experiences for teachers, and the examples listed are a small 989 

sampling of the variety of professional development experiences available. By 990 

supporting teachers, both in their own learning and in their teaching, we support the 991 

students who rely upon these teachers.        992 
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